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EXPERIMENTAL DESIGN, MODELLING AND NUMERICAL
CALIBRATION OF A HIGH SPEED SHPB MECHATRONIC SYSTEM
USING A PNEUMATIC PROPULSION DEVICE
Adinel GAVRUS1, Fabien MARCO2, Sylvain GUEGAN3
1

INSA Rennes, LGCGM-EA3913, University Bretagne Loire, Rennes, France, adinel.gavrus@insa-rennes.fr

2

fabien.marco@insa-rennes.fr

3

sylvain.guegan@insa-rennes.fr

Abstract: This research paper focus on the experimental design and analytical/numerical analysis of a high
speed pneumatic compression SHPB bench performed at INSA Rennes (France) – LGCGM Laboratory. The
main goals are to present details concerning an improved mechatronic data acquisition system, the
performances of the air propulsion system in terms of impact velocities prediction and measurement,
together with a novel hybrid analytical-numerical calibration method. This proposed SHPB calibration and
numerical analysis method is based on a complete finite element simulation starting from a dynamic elastic
equilibrium model and the dynamic mechanical interactions at the interfaces between the striker bar
undergoing high pressure air-impact speed propulsion, the incident and the sending bars. As real application
of proposed complete FE model has been mentioned the previous and actual research works at INSA
Rennes on the use of a two-step inverse analysis technique to identify thermo-mechanical constitutive
equations of materials subjected to high strain rates and important gradients of plastic strain, strain-rate and
temperature.
Keywords: Pneumatic SHPB Device, Mechatronic Design, Impact Velocity Estimation, Analytical-Numerical
Calibration, Complete SHPB Finite Element Modelling, Hybrid Analytical-Numerical Model Validation

1. Introduction
During many manufacturing processes or industrial applications developed in the second half of
the 20th century, various metallic or non-metallic structures are subjected to high rates of loadings,
severe elastoplastic strains, strain rates and temperatures or localized gradients of strain-stress
developed during an impact, choc or crash. The modelling of corresponding material thermosmechanical behavior becomes a real scientific key which requires design of corresponding
dynamic experimental tests together with the use of a rigorous calibration method and reliable data
analysis via improved analytical or numerical models. According to the high strain rates which
occur during these dynamic tests, elastic waves propagate in the system bench and specimen
material at speeds of several kilometers per second. Therefore it is difficult to have an intuitive
understanding of the observed physical phenomena. In order to perform quality measurements
during the dynamic deformations obtained from rapid loadings, it is nevertheless necessary to take
account the description of elastic wave propagation phenomena. The first high-speed mechanical
stress tests were conducted around 1870 by John Hopkinson who developed a type of apparatus
based on a specific mechanisms to impact a cylindrical bar. In 1914, Bertram Hopkinson [1]
introduced a pressure bar to study dynamic events such as the explosive detonation or the impact
of different types of projectiles. Essentially, the Hopkinson pressure bar uses the propagation of
elastic strain wave’s theory to predict strains and stress developed in a material sample.
Hopkinson discovered that the small local displacements in the bar are directly related to the length
of the elastic wave obtained during the very short times of the impact caused by the material sound
celerity. In the case of materials subjected to an impact through a projectile Davies [2] shows in
1948 that it is possible to measure the temporal form of the generated elastic wave using strain
gauges instrumented bar. Starting from these previous old studies the first Split Hopkinson
Pressure Bars system (SHPB) was introduced in 1949 by Kolsky [3] which has used a gas
14
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propulsion device to obtain high speed of a projectile bar and add two other metallic bars (named
incident and sending bars) to realize a dynamic compression. Typically the SHPB device offers
material testing capabilities for speeds up to 30-40 m/s at strain rates in the range of 102 to 104 s-1.
A lot of other dynamic experimental set-up has been developed further: the Taylor test (gas or
explosive propulsion around of 100 m/s), Crossbow device (speed up to 10-30 m/s), Weight
Falling, traction or torsion Hopkinson Bars and more recently specific hydraulic press using
particular actuators and control devices (speed up to 10 m/s).
The main purpose of this scientific paper is to describe a mechatronic SHPB compression test
designed on GCGM Laboratory (INSA Rennes) using a pneumatic propulsion with a robust control
of air pressure, laser camera measurement of projectile bar speed, automatic electronic data
acquisition of bar’s elastic deformations and a calibration method developed from a hybrid
analytical and numerical finite element system modelling.
2. Experimental Principle of Pneumatic SHPB System
Kolsky found that the stress and the deformation of an impacted specimen can be directly related
to the displacements of the incident and sending bars. Contrary of the Hopkinson pressure bar, in
the SHPB device the projectile does not strike directly the specimen. It is first a receiving or
incident bar that receives the impact of the projectile (striker bar) and that is subjected to a lot of
dynamic elastic deformation pulse. The obtained elastic wave of the receiving bar it is more intense
as the speed of projectile is high and is lasts time longer as the projectile is long. This wave is
reflected partially by the material sample, the other part passes through it and is subsequently
transmitted to a second bar (named sending or transmitter bar) [4-7].
2.1 Framework and design characteristics
The SHPB system designed at GCGM Laboratory of INSA Rennes is presented in the Figure 1.

Fig.1. General schema of the compression Split Hopkinson Pressure Bars (SHPB) bench: pneumatic
propulsion bars design with automatic acquisition of laser camera and strain gauges A/B signals (incident
 i (t ) , reflected  r (t ) and transmitted  t (t ) elastic deformations) performed with a Labwiew program, true
stress - true strain curves of material specimen obtained from David code [8].

According to the general theory of elastic wave propagation [4-8], to the type of specimen’s
materials and to the desired obtained strain and strain rate, the choice of the material and bars
geometric size requires to take into account some physical conditions. In a first time it is necessary
to have similar elastic impedances of the bars as those of tested material specimens. In particular
for steels, aluminum or titan alloys, the hardened high strength steel MARVAL18 is used (Table 1).
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Table 1: Mechanical end elastic properties of the MARVAL 18 steel bars
Temperature
20°C



Eb
[GPa]

MARVAL 18

186

0,33

b

R0,2

cb  Eb / b

3

[MPa]

[Kg /m ]

1840

8000

Zb  b cb  b Eb

[m/s]
4821,82

.

2

[Kg/m s]

6

38,57 10

To avoid superposition of measured elastic strain gauges by incident and sending bars [7-8] it is
necessary to take into account the minimum measurement time using the following relationships:

tmeasure  ti 

2lbimp
cb



lbi
cb

and

lbt 0.5lbi

cb
cb

(1)

It is then required to have lbi  2lbimp and lbt  0.5lbi . Taking into account the maximal average
plastic strain of material specimen estimated from the large displacements compression theory by

  ln 1  (2vimplb

1

/ l0cb  , for a specimen length l0 = 10 mm and an impact velocity vimp = 10

m/s, a value around of 25%-50% can be obtained for lbimp  0.5m,1m  lbi  1m  2m and
mp i

lbt  0.5m 1m . Furthermore to minimize the effect of the dispersion elastic waves and to have
conditions close to the infinite bar wave propagation theory [7], the bars diameters d b must to be

cbti  2lbimp . Table 2 synthetizes the
chosen geometric characteristics of the Hopkinson bars in order to perform compression impact
tests with large plastic deformations of material specimen.
very small as compared to the twist of striker lengths i.e. db

Table 2: SHPB bars geometric characteristics (total length of table support ≈ 5,5 m)
Bars
Material
Diameter [mm]
Length [m]

Air Gun
MARVAL 18
in 30.0 and out 40.0
2.0

Striker Bar
MARVAL 18
 16.0
0.602 (0.5÷1)

Receiving Bar
MARVAL 18
 16.0
2.0

Sending Bar
MARVAL 18
 16.0
1.3

Fig. 2. General view pictures of experimental pneumatic SHPB bench with presentation of principal control
and measurement devices
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As can be shown in the Figure 2 the striker bar is driven by a pneumatic device using a tank with a
volume V0 of 20 l coupled on a pressurized air via a circuit of rapid control, regulate and secure
valves. Using a lot of plastic collars mounted on the striker bar, this one is moved in axial
translation by the air pression propulsion on a distance of 1 m inside the gun undergoing a small
friction effect. The axial impact velocity is measured by a laser camera reading a barcode of
50 mm large with a length of v  5 mm for each uniform ditributed white/black slotes, glued on the
end of impactor bar surface. So the initial impact speed value is obtained by division of the slote
length v with the corresponding measured period times Tv recorded from a specific Labview
programm coupled on a high speed NI PCI 6110 acquition card (5 MHz). This program is also
performed to record in Volt the signals of the twice strain full bridges mounted on the half part of
the incident bar and half part of the sending bar using a digital conditionner VISHAY (Figure 1). So
the incident  i (t ) , reflected  r (t ) and transmitted  t (t ) elastic deformations of the bars can be
estimated from a direct conversion or from calibration techniques. Computation of interfaces
velocities and loads can be performed from analytical relationships based on the general dynamic
elastic deformations propagation inside the bars [7] using David software [8]. An infrared camera
and inductive heating coil toghether with a thermal control device, able to keep the initial
metallurgical structure of metal specimen and to measure the material self-heating, was provided
to make possible tests at different initial temperature [9-11]. It is then possible to identify the
thermo-mechanical material specimen behaviour in terms of true stress-elasto-plastic strain for
differents strain rates and temperatures using plasticity theory, analytical methods and inverse
analysis strategy [9-14].
2.2 Details of pneumatic circuit and Labview data acquisition program
As shown in Figure 3, the propulsion control system of SHPB bench is fully pneumatic and in open
loop. When the desired pressure is reached, the air gun is triggered manually by the operator. This
operation is sufficient for the tests performed and presented in this article.

Fig. 3. Pneumatic control circuit used for propulsion of experimental SHPB bench

However, the implementation of a digital control system with feedback of different states of the
system will improve its control allow precise and constant pressures when start the move of the
striker bar inside the air gun. To resume, with an automatic control system, the pressure keep
17
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constant value on the time gap between value pressure regulation and the launch of the test, the
repeatability and robustness of the experiments guaranteed and more rigorous studies will be
possible. After starting and triggering of the rapid control valve, the air gun projects the striker
against the receiving bar. Before the shock, the laser sensor captures on the front of the incident
bar the variation of a signal from an uniform succesion of black and white slots with a length of v .
Thus is generate a square-shaped signal of period Tv , where the first rising edge acts as a trigger
for optical sensor acquisition. The impact speed is deduced there from the ratio v / Tv . The
Labview language program developed for a real time acquisition of the optic sensor and gauge full
bridges raw signals (Figure 4) allows adjustment of the acquisition frequency fa and of the scanning
number bs . The product f a  bs determines the total acquisition duration.

a)

b)
Fig. 4. Labview program of experimental data acquisition a) version using gauge bridges calibration factor to
recorded elastic strains signals  i (t ) ,  r (t ) ,  t (t ) in def, b) version using automatic triggering and record of
gauge bridges tensions expressed in Volt
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2.3 Theoretical estimation of initial impact velocity
Using theorem of mechanical energy balance the kinetic energy variation of the striker Ec is
equal to the work W of the bar surface force generated by air pressure i.e.:
l

1
Ec  mv 2  W  
2
0

  p( x)dS dx with m   gl

 db2 / 4

imp

(2)

where m is the mass of the striker bar, v the impact velocity obtained after the move on a distance
equal to l and p(x) represents the air pressure value of each axial bar position x.
Or if pc is the initial absolute pressure inside the tank of volume V0, taking into account the
atmospheric pressure p0 and the isothermal perfect gas law the axial pressure variation is obtained
from:
(3)
p( x) V0  Sx   prV0 with pr = pc - p0
Consequently, assuming a uniform pressure distribution on the plastic collar glued on the bars
along its section S, the corresponding mechanical work can be computed by:
l
l p V S 
 lS 
W   p( x)Sdx    r 0 dx  prV0 ln 1  
0
0 V  Sx
 0

 V0 

(4)

Starting from Eq. 2 the obtained impact velocity can be obtained from the following relationship:

v

2V0  lS 
ln 1    ( pc  p0 ) or v   / limp
m  V0 





( pc  p0 )

(5)

Here  is a variable depending of tank capacity, inner section S  2 / 4 of the gun, material and
geometry of the bars. Starting from the SHPB material properties and geometric characteristics
given on Table 1 and 2 the tank volume is V0  20 l  2 10-2 m3 , the displacement is l=1m and the
collar
surface
glued
on
the
front
of
the
striker
bar
has
a
surface

S    302 / 4 10-6 m2  706,86 10-6 m2 which approximate ln 1  (lS / V0 )  0,035 and   0,029 .
Variations of estimated impact velocities for different striker bar lengths limp from 0.5 m to 1 m are
presented in Figure 5 together with a comparison between the experimental values and the
theoretical ones for the case of limp = 0,602 m.

Fig. 5. a) Variation of theoretical impact speed with the absolute tank pressure for different length of striker
bars (0,5 m to 1 m) b) Comparison between the theoretical impact speed and experimental values obtained
for the striker with a length of 0,602 m.
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It can be observed that using a maximal tank pressure of 8 bars for impactors with short length
(0,5 m à’ 0,6 m) the impact velocity varied from 5 m/s to 30-35 m/s as compared to an impactor
with a length of 1 m where the maximum impact speed is limited to 25 m/s. The use of a striker
with the length of 0,602 m (mass m  0,96 Kg ), if the tank pressure is expressed in bars an
estimation of impact velocity can be obtained by v  11,82 ( pc  p0 ) .
Table 3: Theoretical and experimental impact speed obtaned from different values of tank pressure for the
striker with a length of 0,602 m
Tank Pressure (bars)
1
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
2
2,1
2,2
2,3
2,4
2,5
2,6
2,7
3
4
5
6
7
8
9
10

Theoretical Impact Speed
(m/s)
0
3,73
5,29
6,47
7,48
8,35
9,15
9,89
10,57
11,21
11,82
12,39
12,94
13,47
13,98
14,47
14,95
15,41
16,71
20,47
23,63
26,42
28,95
31,27
34,43
35,46

Tank Pressure (bars)
1
1,32
1,55
1,64
1,74
1,8
1,87
1,9
2
2,05
2,1
2,2
2,3
2,4
2,5
2,63
2,8
2,85
2,93
-

Exp Impact Speed
(m/s)
0
6,68
6,86
8,67
9,41
9,7
10
10,1
10,56
10,84
11,3
11,8
12,4
12,9
13,52
14,54
15,4
15,6
15,82
-

The experimental values of initial impact velocities measured by laser camera for a lot of tank
pressures show very good correlation with the curve of theoretical variation plotted in Figure 5b
and values detailed in Table 3. An average estimation error of 10 % is obtained due essentially to
the friction phenomena caused by the local contact of a striker bar with the inside surface of the
gun through the mounted plastic collars.
3. Finite Element Modelling and Numerical Calibration of SHPB System
In a classical way the full bridge gauge tension U (V) is expressed in function of the
corresponding elastic deformation value  (def) starting from the formula:



Fg  1   
U  U0 
6 
 2  Fg  1   10 
20

(6)
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Here U0 is the bridge supply voltage expressed in Volt and Fg the gauge factor. Starting from an
acquisition frequency of 1 MHz caused by the very short time of the impact around of 1 ms it is
required to record 1V/def. Consequently to obtain a reliable sensitive recorded tension, the
dynamic conditioner amplifier uses a gain factor G ( U  GU ) and the equation (6) gives:



2U 106
2U 106

ˆ 1    U 0GFg 1   
U 0GFg 1     UF
g

(7)

where U (expressed in Volt) represents the tension values recorded by the output of Labview
program (Figure 4) and U 0G U i.e.U 0 U .
As can be seen, the variation of gauge deformation with the recorded tension is quasi-linear,
consequently it is possible to define the calibration factor Kexp by the ratio between the
corresponding gauge deformation value and the recorded tension i.e.:
Kexp =  / U (def /Volt)
(8)
For a gauge factor Fg equal to 2.09, a gain G around of 250 and a supply voltage of the bridge of
7.5 V it is obtained Kexp = 1000/2,6 = 384,62 def /Volt. If an empty experimental SHPB test is
performed at an initial impact velocity vimp, an analytical estimation of calibration factor Kan can be
obtained from the ratio of values corresponding to incident elastic deformation ˆi and tension U i :
Kan = ˆi / U i (def /Volt)

(9)

Or the general theory of bar’s elastic wave propagation shown that for an impact velocity v

1
2

ˆ i   cb v  Ebˆi and ˆi 

 cb

2 Eb

v
. So:
2cb
v
K an 
106 (def /Volt)
ˆ
2cexpU i

v

(10)

where the bar’s celerity cexp can be estimated using the expression (1) from the time period tiexp of
the first slot of the recorded incident signal U i (t ) by cexp  2limp / tiexp .
The Figure 6 plot the recorded experimental tensions obtained from laser camera reading the
striker barcode and from the full gauge bridges for a tank pressure around of 1,9-2 bars and an
acquisition frequency fa = 1 MHz.

a)
b)
Fig. 6. a) Square-shaped signal of laser camera recorded by triggering option of Labview program, b)
Gauges tension signal variation corresponding to the elastic deformation of the bars for a tank pressure of
1,9-2 bars
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Starting from the square-shape signal corresponding to the succesion of black and white slots with
a constant length of v = 5 mm the time period Tv is estimated to be equal to 0,5138 ms and
consequently the obtained impact velocity is v  v / Tv  10 m / s . The signal of incident deformation
measured in Volts has a value close to Uˆ i  3,33V with a time broadness ti  0, 254 ms and the
experimental celerity can be evaluated as cexp  2limp / tiexp =2 10  0,602/0,254  4740 m / s . As
3

compared to a previous estimation about of 4821 m/s [11] the error of the sound celerity is smallest
that 2.5%. Using the equation (10), the analytical calibration factor becomes Kan = 317 def /Volt
i.e. 17% differences as compared to the classical strain gauge’s calibration method.
To improve the calibration procedure in order to avoid approximations of gauge factor, gain choice
and measurements errors, a robust and more general numerical calibration method is proposed.
This numerical method is based on a lot of empty SHPB experimental tests without specimen
performed for different initial impact velocities and on a finite element modelling of the entire bar’s
system. The following steps must be followed:
1. Empty experimental compression SHPB test (without any sample or specimen) with contact of
incident and sending bar and at a desired initial impact velocity v chosen with respect to the
diagram impact velocity-pressure. In this case it can be proved that  i  0,  r  0,εt = i  0 [14];
2. Time variations recorded of tensions U i (t ) , U r (t ) and U t (t ) (corresponding to the experimental
gauge elastic deformations  i (t ) ,  r (t ) and  t (t ) ) found using Labview program);
3. Estimation of the real initial impact speed v̂ from the time period Tv of the first square-shaped
signal of the recorded laser camera signal using the formula vˆ  v / Tv ;
4. Estimation of the celerity cexp from the time period tiexp of the first slot of the recorded incident
signal U i (t ) by cexp  2limp / tiexp ;
5. Finite Element simulation of the entire SHPB system based on same conditions as the
experimental one (using same celerity speed value and same impact velocity) and extraction of
elastic strains  inum (t ) ,  rnum (t ) and  tnum (t ) corresponding to geometric positions of the two gauge
bridges (one on the half part of the incident bar and other on the half part of the sending bar).
6. Computation of the calibration factor Knum = Max  inum (t ) / Max U i (t ) = ˆinum / U i
7. Comparisons of the whole time variation of incident, reflected and transmitted elastic strains for
both experimental and numerical values.
An axisymmetric dynamic Finite Element Modelling of SHPB test choosing an initial impact velocity
of 10 m/s and an incremental time of 10-6s is performed using Cast3M code [15] based on
tridimensional elastic properties of the bars, inertial effect and QUAD4 mesh (Figure 7).
Striker Bar (0.602 m)

Receiving or Incident Bar (2 m)

Sending Bar (1.3 m)

Fig. 7. Mesh of the striker, receiving (incident) and sending bars used for a Dynamic Finite Element
Simulation of the SHPB device using Cast3m code

Results concerning the elastic deformations and axial stress obtained from gauge bridges positions
are illustrated in Figure 8. Same numerical results are obtained using Abaqus or LsDyna FEM as
has been proven in a previous scientific research [14].
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a)

b)

Fig. 8. Numerical results corresponding to the gauge bridges position obtained from the Dynamic Finite
Element Simulation using Cast3M code a) Elastic Strains, b) Axial Stress

It can be observed that Max  inum (t ) = 1034,7 def and Max  inum (t ) = 191 MPa values close to the
analytical estimations gived by ˆian  v / 2cb  1054,9 def and ˆ ian  0,5 cb v  189,6 MPa. Taking
into account the experimental tension value obtained from the incident deformation signal the
numerical calibration factor can be estimated by Knum = 310,7 def /Volt. As compared to the
analytical calibration factor the error is around of 2%. Despite the validation of the proposed
calibration method it is possible to conclude that this numerical strategy can be performed for more
complex conditions as for example in the case of viscoelastic or non-metallic materials bars, to see
for optic fibbers measurements of elastic deformations where analytical computation models are
too approximate or no more valid. Furthermore the entire finite element model can be used to
simulate SHPB tests using different shape of specimens undergoing complex strain path especially
used to identify by inverse analysis non-linear thermo-mechanical material behavior and valid them
by comparisons of numerical-experimental elastic deformations of the bars as can be shown in
previous works of Gavrus et al. [9-14].
4. Conclusions
The experimental design and quantitative description of the pneumatic compression SHPB bench
confirms the robustness of impact speed control together with experimental validations of
theoretical dependency on tank pressure set point. A new hybrid analytical-numerical calibration
method has been proposed to estimate the elastic strains of the incident and sending bars. A
complete dynamic finite element simulation of the SHPB system without specimen has been
performed to establish a more rigorous conversion of the gauge full bridge tensions based on
information obtained from the incident elastic wave signal. Comparisons with analytical formulas
based on elastic wave propagation theory of infinite bars have shown the high precision of the
finite element modelling results and permits to valid the calibration methodology. It is also possible
to confirm again the rightness of the two-step inverse analysis technique developed in previous
research works at INSA Rennes to identify thermo-mechanical constitutive equations of metallic
materials under severe loadings. Based on the generality of the proposed numerical calibration
method this one will be applied in a future work to improve the SHPB acquisition system using
local optic fibers sensors to measure with a more accuracy the elastic deformations of the bars.
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Abstract: The paper proposes a novel concept for pressure boosters based on rotational equipment. Instead
of double piston boosters as they are common in industrial applications today, the proposed concept is
based on a pneumatic radial piston motor. During one cycle, all cylinder chambers act as actuator and
compressor as well. The paper shows a mathematical model of the cycle and its simulative implementation.
A control concept using fast switching valves is proposed. To evaluate the efficiency, a parameter variation is
undertaken. This includes the number and size of the pistons as well as pressure levels for input and output
respectively. The thermodynamic concept of exergy is used to compare the different system configurations.
Keywords: Pneumatics, Pressure Booster, Energy Efficiency, Simulation

1. Introduction
Pneumatic drives are used in a great variety of applications, especially in manufacturing and
process engineering. Since compressed air is an expensive form of energy, recent developments
show a tendency to lower the overall system pressure in compressed air systems. This
improvement should lead to higher efficiency in the compressor while larger drives are needed to
provide equivalent driving forces [1]. On the other hand, some applications require compact drives
and therefore a higher driving pressure. To ensure the applicability of these drives while
maintaining the energy efficiency, a suitable option is to implement pressure boosters. Current
concepts for pressure boosters feature double piston linear transformers which have a limited
efficiency. To enhance the efficiency of pneumatic transformers, the paper proposes a novel
concept based on a rotating unit. The concept consists of a radial piston motor which is used in a
combined cycle as motor and compressor to boost the pressure.
2. Working principle of the novel booster concept
Pressure transducers based on rotational units have been around in hydraulics for several years.
So called hydro transformers built from a separate pump and hydraulic motor are used for energy
recovery in many different applications (see e.g. [2]). On the other hand, there are concepts using
only one integrated rotational unit which serves as a combined motor and pump. Concepts like the
Innas Hydraulic Transformer are based on an axial piston pump whose valve plate has three
instead of the common two openings connecting the ports to high pressure, tank pressure and
transfomation pressure lines [3]. The novel booster concept proposed in this paper applies this
working principle to pneumatics.
As air having a much lower viscosity than hydraulic fluids, an actuation of the cylinders using a
valve plate would lead to very high leakage and therewith low efficiency of the booster. Therefore,
a concept using a radial piston motor with actuation by switching and check valves is proposed.
Fig. 1 shows a schematic of this integrated pressure booster concept and the p-V-diagram of the
cycle within one cylinder. The booster consists of three to six cylinders in radial layout. The pistons
are connected through a crank drive with the crank length
and the rod length
. Each
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Deutsch
cylinder is actuated using two switching valves connecting the chamber to the pressure supply and
the environment, respectively. Connection to the higher output pressure
is carried out via a
check valve.
pTrans

pU

pVer

lrod

lcrank
φ

Titel fehlt!
Autor fehlt!
Datum fehlt!

Fig. 1: Schematic and p-V-diagram of the integrated booster concept
1 von 2

At the beginning of the cycle, the piston is in the outer dead center (ODC) and the cylinder
chamber is connected to the supply pressure
. The piston acts in motor mode. At a certain
point during the piston stroke, the valve connecting the cylinder and the supply is closed to use the
expansion energy contained in the air. When the piston reaches its inner dead center (IDC), the
cylinder chamber is connected to the environment for a short period of time to exhaust the
chamber. Now, both magnetic valves are closed and the air within the chamber is compressed.
This reduces the air mass added to the chamber between points 5 and 6 in the p-V-diagram. At
point 5, the supply valve opens briefly and the cylinder chamber is filled with supply air again. The
valve closes at point 6, and the compression cycle starts. When the pressure in the chamber
reaches the outlet pressure of the booster (point 7), the check valve opens and the air is pushed
out. At the ODC (point 8), the check valve closes again due to the pressure drop caused by the
forced piston movement and the cycle restarts. In an optimal booster cycle, the work of the
motoring cycle (solid blue area in the p-V-diagram) equals the work needed to conduct the
compression cycle (green dashed area).
In a simulation study the number of cylinders of the unit, the bore size and stroke length as well as
the ratio between supply and outlet pressure are varied. The influence of these parameters on the
overall efficiency of the transducer is examined. The switching points of the valves considerably
influence the efficiency of the booster. Therefore, an optimization of these points is carried out.
Additionally, losses caused by friction between piston and cylinder as well as leakage are
evaluated and their influence on the overall efficiency is identified.
To allow a comparison of the efficiency at different pressure levels and pressure ratios, the
thermodynamic concept of exergy is used to assess the efficiency of the different configurations
(see e.g. [4]).
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2.1 Configurations
Different configurations of the booster were examined in the simulation study to obtain a good
knowledge of the main impact on the efficiency. This includes the number and size of the cylinders
as well as the leakage mass flow between the pistons and the cylinder wall.
Table 1 shows an overview of the 9 different pressure transducer configurations that were
examined in the study. Off-the-shelf radial piston motors were taken as basis for the geometrical
values. This includes configurations 1, 2 and 5. Additionally, scaled versions were simulated as
well. Configuration 4 represents a five cylinder motor with the piston diameter and lengths of
configuration 1. Configurations 3, 6 and 9 were obtained by scaling the piston diameter, rod length
and crank length of the smaller builds 1, 4 and 7. Configurations 7 to 9 represent a six cylinder
version, which corresponds to two of the three cylinder motors mounted on a single shaft.
Table 1: Overview over the different configurations examined in the study
Configuration

Number of
cylinders

Piston
diameter

Crank length

Length of
connecting
rod

Angle between
2 cylinders

1

3

22 mm

7 mm

56 mm

120°

2

3

32 mm

9.25 mm

61.25 mm

120°

3

3

44 mm

14 mm

112 mm

120°

4

5

22 mm

7 mm

56 mm

72°

5

5

32 mm

9.25 mm

61.25 mm

72°

6

5

44 mm

14 mm

112 mm

72°

7

6

22 mm

7 mm

56 mm

60°

8

6

32 mm

9.25 mm

61.25 mm

60°

9

6

44 mm

14 mm

112 mm

60°

3. Simulation model
To examine the efficiency of the different configurations, a simulation model was implemented in
Deutsch
the lumped parameter simulation environment DSHplus. This includes mathematical models for the
pistons and the actuation by valves as well as the kinematics of the crank shaft.
3.1 Mathematical description
Fig. 2 shows a schematic of one cylinder including the crank drive which converts the linear
movement of the piston into a rotational movement of the shaft.

lcrank

s

pout

l rod
pamb

psup
Fig. 2: Schematic of the crank and valves for one cylinder
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The crank length

and the length of the piston rod

and their ratio

influence on the dynamic behaviour of the booster. The piston position
can be estimated using the equations (1) and (2) for
configurations examined in the study.

have a large

and the piston velocity
, which is valid for all

(1)

(2)
The torque applied on the shaft by each piston depends on the angular position and the pressure
in the cylinder chamber. The torque
applied by each piston can be calculated by
equation (3) using the pressure force

with

.

(3)
Using the conservation of angular momentum leads to equation (4) for the calculation of the
angular acceleration.
(4)

These equations form a kinematic model of the booster from which the compression and
expansion during the cycle can be derived. The change of pressure inside each chamber is
calculated according to equation (5). Therein
represents the pressure change by mass transfer,
represents the pressure change by heat exchange with the environment and
represent the
pressure change by volume change. [5]
(5)
The mass flow in and out of each chamber is calculated within the valves. Leakage losses between
the cylinder chambers are considered as well (cf. paragraph 4.3). To calculate the heat exchange
between air and cylinder walls, a heat transfer coefficient of
is assumed. The change of
chamber volume is calculated with the axial piston velocity (eq. (2)).
3.2 Exergy efficiency
To assess the efficiency of the novel booster concept, the thermodynamic concept of exergy is
used. The concept of exergy allows the comparison of different forms of energy. Exergy describes
the ability to conduct work of different forms of energy when brought into equilibrium with the
environment. As described by Krichel in [6], this is advantageous for the efficiency assessment of
pneumatic systems.
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According to equation (6), the exergy of an air mass flow can be calculated from its specific
enthalpy and its entropy . [7]
(6)

The exergy efficiency can be calculated as the ratio between the exergy flow
booster and the exergy flow
fed to the booster (caf. equation (7)) subsequently.

out of the

(7)

Assuming an isothermal change of state between the inlet and the outlet of the booster leads to
equation (8) for the exergy efficiency of the booster. This assumption is valid for the whole booster
system if the output air flow is fed into an accumulator where it cools down to ambient temperature.
(8)

This definition of the exergy efficiency is used throughout the simulation study presented in
paragraph 4.
3.3 Implementation in DSHplus
Fig. 3 shows an excerpt of the simulation model implemented in DSHplus for one cylinder. The
cylinder creates a force on the thrust crank which represents the connecting rod and the
excentricity of the crank shaft. Within the crank, the torque built up by each cylinder is calculated.

Fig. 3: Excerpt of the simulation model for one cylinder
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The torque leads to an acceleration of the rotating mass (“Shaft”) on the right hand side of Fig. 3.
Therewith, the rotational position and speed are calculated and fed back to the crank where they
are transmitted into the position and velocity of the cylinder.
In dependence on the rotational position of the shaft, the valves connecting the cylinder chamber
to the environment and the pressure supply are switched. The check valve to the high pressure
outlet opens automatically at a pressure difference of 0.1 bar. To gain maximum efficiency, the
switching points of the 2/2-way-valves are varied for each configuration and have to be adapted to
the pressure ratio between supply and targetDeutsch
pressure. The opening and closing time of the valves
is 10 ms which is in the range of typical fast switching valves.
4. Results
In the following section, some exemplary results of the simulation study are shown. To illustrate the
process in one cylinder chamber, fig. 4 shows the valve signals for both switching valves for one
cylinder in comparison to the normalised piston stroke. Additionally, the chamber pressure and the
output mass flow through the check valve connecting the chamber to the output volume are shown.

1

2

3 4

5 7

8

Fig. 4: Valve signals, piston stroke, output massflow and chamber pressure for one cylinder
during one load cycle

As long as the supply valve is open (between points 1 and 2), the chamber pressure equals supply
pressure (here: 7 bar). At point 2, the valve closes and the pressure decreases while the piston
keeps
on moving out until it reaches its inner dead center at point 3 where the valve to the
Titel fehlt!
Autor
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environment
opens. Now, the chamber is exhausted
and the pressure falls to ambient pressure.
Datum fehlt!
Closing the valve at point 4 starts the precompression of the air volume inside the chamber. At
point 5, the supply valve opens again for a brief period of time and the chamber is filled with air at
supply pressure. The angular position of point 5 is subject to optimisation so that the amount of
work executed during motoring and the energy needed by the compression are adjusted. The air
inside the chamber is compressed, until the output pressure (here: 10 bar) is reached at point 7.
Now, the air inside the chamber is pushed out through the check valve. This causes a pressure
drop in the chamber which leads to closing of the check valve. Due to its small opening pressure in
combination with a relatively high conductance the check valve opens and closes in a high
frequency which shows in strong oscillations of the output mass flow.
Dependent on the supply and output pressure, the switching points of the supply valve have to be
altered to gain maximum efficiency. Filling the chamber for a longer period of time increases the
maximum output pressure and the maximum output mass flow because the mean driving torque
increases. On the downside, more supply air is needed, which lowers the efficiency. Later refilling
of the chamber during outward movement decreases the high pressure output because a smaller
volume is filled with air at supply pressure and therewith, less air mass is compressed. A longer
connection to the environment lowers the driving torque needed, as the mean pressure during
outward movement decreases. Due to the smaller amount of precompressed air, the air mass
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which has to be filled to the chamber during the second opening of the supply valve increases. All
these different impacts have to be considered to gain maximum efficiency.
Automatic optimisation of the switching points
would require a closed loop control concept for the
Deutsch
booster considering the input and output pressure as well as the rotational speed. In the study
presented here, no such concept was implemented. Instead of mathematical optimisation, iterative
adjustment of the switching points was executed for each load and booster configuration.
Fig. 5 shows the p-V-diagram for the pressure build up phase for a three piston booster in
comparison to a six piston configurations. Both configurations feature the same piston diameter.
3 piston booster

6 piston booster

t

t

Fig. 5: Comparison of p-V-diagrams for 3- and 6-piston booster

The output pressure rises with each rotational cycle which is to be seen in the lines in the upper
part of the diagram. Due to the lower cylinder number, the smaller booster needs a higher number
of revolutions
to reach the pressure of 10 bar in the accumulator. In the simulations shown in fig. 5,
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the switching
points for the valves controlling the
cycle and the start of the compression
0 vonmotoring
2
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cycle have been adapted to the load for maximum performance. This leads to different switching
points for the three and six piston booster.
4.1 Influence of the piston diameter and cylinder number
Results of the different simulations show, that the efficiency of the booster increases with the
piston diameter when all other parameters are kept constant. The maximum exergy efficiency is
60.5 % for the scaled geometry in a six-cylinder-configuration.
Table 2 and fig. 6 show exemplary results of the simulation study for the different configurations
explained in table 1. These show a large influence of the number of cylinders. Especially the
dynamic behaviour of the booster differs between the different configurations. A larger number of
cylinders reduces the fluctuations in driving torque at the shaft which leads to a smoother rotation.
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Table 2: Results of the simulation study
Configuration

Maximum
Efficiency

No. of Revolutions
until pmax is reached

Annotations

1

21.5 %

86

Bad dynamic behaviour

2

45.0 %

22

3

45.8 %

10

4

32.5 %

37

High fluctuation in rotational speed

5

42.0 %

11

High fluctuation in rotational speed

6

59.9 %

4

High fluctuation in rotational speed

7

29.4 %

30

8

42.8 %

8

9

60.5 %

2

Deutsch

Bad dynamic behaviour
Bad dynamic behaviour

Fig. 6: Maximum exergy efficiency and number of revolutions needed to reach output pressure for the
different configurations

Additionally, the number of revolutions needed until the desired maximum pressure in the output
volume is reached, decreases with the number of cylinders as well as with the piston diameter. An
increase in piston diameter is beneficial for the efficiency, because friction and leakage losses
have a lower impact in comparison to the driving torque and mass flow in and out of the cylinder
fehlt!
chamber.Titel
Autor fehlt!
1 von 2
Datum fehlt!

4.2 Sensitivity on valve switching points
The sensitivity of the exergy efficiency on the valve switching points is examined in the following
section. Fig. 7 shows a comparison of three p-V-diagrams for configuration 9 (6 pistons, 44 mm
piston diameter). The air supply during motoring mode is switched off at three different rotational
positions of the crank shaft: 91°, 95° and 100°. Due to the kinematics of the motion, this leads to a
relatively large difference in the chamber volume filled with air at supply pressure. Therefore, the
chamber pressure
at the inner dead center shows a difference of around 0.6 bar.
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Deutsch

Fig. 7: Comparison of the p-V-diagrams for different switching points for the supply valve

The influence of the different switching points on the exergy efficiency of the booster is shown in
fig. 8. It is obvious that later switching reduces the exergy efficiency by about 7 %.
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Fig. 8: Slope of the efficiency for different switching angles

Due to the smaller driving torque resulting from
the lower mean pressure during the motoring cycle,
Deutsch
it is not possible to reduce the angle at which the air is switched off infinitely. At a switching angle
of 90°, the dynamics of the booster deteriorate and the booster frequently stops rotating. A higher
driving torque also increases the rotating speed and therewith the output mass flow of the booster.
4.3Titel
Sensitivity
on leakage mass flow
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leakage
between pistons and cylinder walls has large influence on the obtainable efficiency of
the transformer. This is shown exemplarily for a six cylinder booster with large piston diameter
(configuration 9 in Table 1) in Fig. 9. The conductances used to compute the shown diagram equal
maximum gap heights of 9 µm, 11 µm and 19 µm, respectively.

Fig. 9: Slope of the efficiency for different leakage flow coefficients
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The higher the leakage flow, the lower the efficiency will be. Considering zero leakage the
maximum efficiency of the booster is 60 % whereas a high leakage conductance reduces the
efficiency to 47 %. If a conductance of 0.01 sl/min/bar is assumed, the total leakage mass flow
equals 3.9 % of the supply mass flow or 8.5 % of the high pressure output flow. This is within the
typical range for piston compressors (cf. e.g. [6]) and leads to a maximum efficiency of 57.5 % for
the pressure transducer.
5. Conclusions & Outlook
A novel concept for pneumatic pressure boosters using radial piston motors is shown in the paper.
These boosters have a large potential to increase the efficiency of local pressure adjustment in
industrial applications if losses due to friction and leakage can be kept low. The simulation of the
exergetic efficiency of the proposed booster concept shows results up to 60 %.
The influence of the switching points of the different valves is shown in one example. By adapting
these switching points to the desired output mass flow and pressure, the efficiency can be kept
high.
It is shown that especially the reduction of the leakage mass flow through the gap between the
pistons and the cylinder wall has great influence on the efficiency. If the leakage flow increases,
the efficiency decreases by far due to the larger amount of air which has to be supplied in motor
mode as well as the lower amount of air discharged to the high pressure side.
In the next step, a working model of the integrated pressure transducer will be designed and built.
Additionally, a different concept featuring two separate rotating units for motor and compressor
mode working on a single shaft is currently under investigation at IFAS. A closed loop control
concept for the automatic adaption of the switching points of the different valves may be developed
to gain maximum efficiency depending on the output pressure and mass flow needed in industrial
applications.
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Abstract: The intensive development of the industrial branches, the explosion in the design and execution of
the new installations and equipment in machines building field, determined the same dynamics in the
evolution of their components. The design of a hydrostatic operation system involves the structural design of
the installation and the calculation of the numerical values for the functional and dimensional parameters of
the component elements, so that the installation fulfils one or more required conditions in working. In this
paper, there are highlighted the main components of a hydrostatic plant, which is also a miniaturized and
readapted version of an installation existing in the ArcelorMittal Steel Factory Galati, which aims to provide
the auxiliary operations necessary for mounting the laminar cylinder cassette on the spindles. It has been
studied the behaviour of the plate (working table) that can support various weights as part of the device.
Maximum deformation and equivalent stress was determined for the case the plate is being at the "minimum
stroke", but also for the case where the plate is at the "maximum stroke". Analysis were made for the plate to
support a weight of between 10 kg and 100 kg in the race in empty or the race in load.
Keywords: hydraulic cylinder, finite element analysis (FEA), functional analysis

1. Introduction
The hydraulic drive systems have a significant weight in manufacturing field and it is necessary, by
concrete examples, to make a technical calculation of these systems, starting from the
fundamental relations regarding the calculation of the mechanical and hydraulic parameters that
interfere with the operation of the hydrostatic systems [1,2] as well as modeling using the finite
element method, as a general method of approximate solving of some mathematical equations
describing physical phenomena [3,4]. The basic function of a hydraulic system is to transmit the
mechanical energy from one place to another. This is done by the system by assembling the
functions of the component elements and circulating a hydraulic medium between them, acting as
energy and information carrier. The energy is transferred from a force element, a conducting
element, to a running element, conducted. The energy, respectively the mechanical power
provided by the conducting element, is transmitted to a primary element at which a first
mechanical-hydraulic conversion occurs, the mechanical taken over energy being transmitted to
the fluid. In the end, it arrives to the secondary element, where the inverse, hydro-mechanical
energy conversion, takes place. Regardless of its function and design, every hydraulic system has
a minimum number of basic components (pump, reservoir, valves, actuators and filter etc.) in
addition to a means through which the fluid is transmitted [5]. Among the characteristic parameters
of the most important hydraulic installations, can be mentioned: nominal working pressure - p; the
maximum flow crossing the system, limited in its functional scheme by the effective working
pressure, the pressure drop and the forces required for switching - Q; nominal diameter (diameter),
conventional size that defines the nominal section of flow through pipes - DN etc. [6, 7].
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2. Hydrostatic installation for the auxiliary operations required for mounting the rolling
cylinders on the spindle shafts
In the case of the miniaturized and readapted version of the installation, Figure 1, the choice of the
components of the installation has been made taking into account a number of technical
parameters necessary to ensure preliminary sizing conditions to satisfy the technological cycles,
starting from the practical model that best meets the technical and economic requirements
imposed on the system - stationary performance, dynamic performance, stability, etc., as well as a
number of hydrostatic criteria. Thus, it has been discussed: a) calculation of mechanical-hydraulic
parameters for elements composing the system, selection or designing the component elements;
b) designing and realizing the assembly of the connection and bonding elements, comprising the
assembly of elements forming part of the installation, the designing of the electric motor-pump
energy group (calculation and selection of the couplings), the selection of the connecting elements
(fittings, joints, etc.) structuring and drawing up the execution designs and the overall drawing of
the installation; c) the recalculation of some hydraulic parameters - only if, after finishing of the
execution drawings, there are some differences from the initial situation offered by the assembly
scheme (the length of the pipes changed, the number and type of the hydraulic resistances
changed, the structure of some hydraulic elements changed, etc.). In this situation, the pressure
and flow losses are reevaluated, and then corrections are made on the calculations in which the
respective sizes occur.

a.
b.
Fig. 1. Hydraulic mounting system of laminar cylinder cassette
ArcelorMittal version (a); laboratory version (b)

In accordance with the engineering design
cycle imposed by the projection, it has been
chosen a constructive version containing a
gear pump, two hydraulic cylinders, one of
them making a horizontal movement, Figure 2
and the other for vertical movement, Figure 3,
other components of the installation of cylinder
cassette assembly, are: the rolling path, the
tank, the manual distributors, the electric
motor, the pressure gauge, the pressure
regulator, the guides, the work table, etc. The
pipes for the hydraulic cylinder performing the
horizontal displacement of the mobile cart are
fix. Also, the hydraulic cylinder is fixed in the
metal frame with support.

Fig. 2. Hydraulic cylinder for horizontal movement
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The horizontal displacement of the hydraulic
cylinder is nailed by the moving cart through
an ear tapped onto the cylinder stem, or by a
bolt that passes through the mobile cart's
ear. A working table is attached to the head
of the hydraulic cylinder that performs the
vertical displacement to which a guide is
added. The guide assists in the horizontal
movement of the entire rod stroke and does
not allow the table to rotate. The supply
pressure must have a value so that the force
of the hydrostatic pressure created by the
engine overcomes the sum of the
resistances that oppose the drive. The
components of the mobile assembly are: 1 wheels; 2 - metal frame; 3 - guide; 4 - work
table (plate); 5 - vertical displacement
hydraulic cylinder.

Fig. 3. Hydraulic cylinder for vertical movement

3. Determination of working parameters for the adjustment system of the hydrostatic
parameters
The list of hydrostatic parameters that occur in the calculation of the control system for vertical and
horizontal displacement hydraulic cylinders are defined in Table 1.
Table 1: Working parameters for horizontal and vertical displacement hydraulic cylinders
Horizontal hydraulic cylinder
Parameter

Vertical hydraulic cylinder

Value

Parameter

Value

p [bar] – working pressure

10–100

p [bar] – working pressure

10–100

L [mm] – rod stroke length

125

L [mm] – rod stroke length

125

D [mm] – piston diameter

40

D [mm] – piston diameter

40

d [mm] – rod diameter

28

d [mm] – rod diameter

28

g [kg] – working load

10–100

g [kg] – working load

10–100

Calculation of hydraulic cylinder surfaces

Sa =
Sp =

  D2

(1)

4

  ( D2 − d 2 )

(2)

4

Sa [mm2] – surface of the active stroke;
S p [mm2] – surface of the passive stroke.

Calculation of forces at minimum and maximum stroke

Fag = p  Sa

(3)
37

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

Fpg = p  S p

(4)

Fas = p  Sa

(5)

Fps = p  S p

(6)

Fag [daN] – the active force at the minimum stroke;

Fpg [daN] – the passive force at the minimum stroke;

Fas [daN] – the active force at the maximum stroke;
Fps [daN] – the passive force at the maximum stroke.
Table 2 shows the tabular layout and variations in the minimum and maximum stroke force for the
vertical displacement cylinder.
Table 2: Calculation of hydrostatic parameters - variations of the force with the minimum stroke, respectively
for the maximum stroke
p
[bar]

L
[mm]

g
[kg]

D
[mm]

d
[mm]

Sa
[mm2]

Sp
[mm2]

Fag
[daN]

Fpg
[daN]

Fas
[daN]

Fps
[daN]

10

70

10

40

32

1256

452

125,6

45,2

126,6

46,2

20

70

20

40

32

1256

452

251,2

90,4

253,2

92,4

30

70

30

40

32

1256

452

376,8

135,6

379,8

138,6

40

70

40

40

32

1256

452

502,4

180,8

506,4

184,8

50

70

50

40

32

1256

452

628

226

633

231

60

70

60

40

32

1256

452

753,6

271,2

759,6

277,2

70

70

70

40

32

1256

452

879,2

316,4

886,2

323,4

80

70

80

40

32

1256

452

1004,8

361,6

1012,8

369,6

90

70

90

40

32

1256

452

1130,4

406,8

1139,4

415,8

100

70

100

40

32

1256

452

1256

452

1266

462

4. Determination of total deformations and equivalent stress to vertical plate loading
The finite element analysis software series that supports the design and validation of products in a
virtual environment that analyzes complex physical phenomena correlated with each other and
offers a wide range of technologies for exploring dynamic behavior. It has been studied the
behaviour of the plate (working table) that can support various weights as part of the device.
Maximum deformation and equivalent stress was determined for the case the plate is being at the
"minimum stroke", but also for the case where the plate is at the "maximum stroke". Analysis were
made for the plate to support a weight of between 10 kg and 100 kg in the race in empty or the
race in load.
4.1 Deformations and stresses at the minimum stroke of the vertical cylinder
The emphasis is on the analysis of the loading situations of the plate moved by the vertical
hydraulic cylinder through a study of the total deformations and the equivalent stress that arise as
a result of the distributed applied forces in the form of pressure by gradually loading the plate with
different weights. The vertical cylinder is at the end of the stroke in the lower minimum position of
the piston. With the Ansys Workbench software package, which performs the finite element
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analysis, the structural static analysis is considered, the gravitational acceleration value taken into
account being 9806,6 mm/s2. Figure 4 shows the model of the plate in the minimum stroke.
Figure 5 shows the embedded plate on the contour and loaded with a weight of 1 kg. Figures 6 ÷
11 show the variation maps of the total deformation, as well as the map of equivalent stress
variation if the plate was loaded with a weight of 10, 50, 100 kg).

Fig. 4. Plate in the minimum stroke

Fig. 5. Plate loaded with 1kg

Fig. 6. Variation map of total deformation-10kg

Fig. 7. Variation map of equivalent stress-10kg

Fig. 8. Variation map of total deformation-50kg

Fig. 9. Variation map of equivalent stress-50kg

Fig. 10. Variation map of total deformation-100kg Fig. 11. Variation map of equivalent stress-100kg
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4.2 Deformations and stresses at the maximum stroke of the vertical cylinder
The same loading conditions are considered, but in the case where the vertical cylinder is at the
end of the stroke, in the upper maximum position of the piston. Figure 12 shows the model of the
plate at the maximum stroke. Figure 13 - the embossed board on the contour and loaded with a
weight of 1 kg.

Fig. 12. Plate in maximum stroke

Fig. 13. Plate loaded with 1kg

Fig. 14. Variation map of total deformation-10kg Fig. 15. Variation map of equivalent stress-10kg

Fig. 16. Variation map of total deformation-50kg Fig. 17. Variation map of equivalent stress-50kg

Fig. 18. Variation map of total deformation-100kg Fig. 19. Variation map of equivalent stress-100kg
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Figures 14 ÷ 19 show the variation maps of the total deformation and the equivalent stress in case
the plate was loaded with 10, 50 and 100 kg.
Figure 20 shows the variation of the total deformation at successive loadings of the vertical moving
mobile unit plate weighing from 10-100 kg and in Figure 21 the variance of the von Mises stress
under the same loading conditions.

Fig. 20. Variation of total deformation by mass

Fig. 21. Variation of total equivalent stress by mass

5. Conclusions
As a result of modeling the finite element of the work table in the minimum stroke, work table
loaded with weights ranging from 10-100 kg, it can be noticed that both the total deformation and
the equivalent tension register a linear increase. When loading the work table with 10 kg, the total
deformation is 0.0118679 mm, and when loading the work table with 100 kg of 0.1538 mm. Von
Mises equivalent stress for a 10 kg load are 8.6659 MPa and 100.00 kg loading table are 71.35
MPa. Similarly, at maximum stroke, the total deformation varies from 0.018752 when loading the
work table of 10 kg to 0.15441 when loading the work table by 100 kg. The equivalent von Mises
stress range from 7,63347 MPa for a load of 10 kg to 62,857 MPa for a 100 kg load table.
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Abstract: The control of fluid power systems refers especially to flow (speed) and pressure (force) and is
realized by several methods, from mechanical to electro-electronic-mechanic solutions. In this paper we
present the possibility to use hydraulic components to simulate logic gates (logic functions) in order to control
fluid power systems.
Keywords: Fluid, power, logic, gate, automation.

1. Elementary logic gates
A logic gate (function) is an elementary block, having at least one input (gate) (named in the
following “A”, “B”,) and one output (named “y”. At this moment, we will consider login gates having
two inputs.
At any gate should have one of the two Boolean conditions: zero (0) – meaning no signal – 1 (one)
– meaning existence of a signal.
For the beginning, will take into consideration the most three common logic gates: AND, OR and
NOT.
In figure 1 are presented this logic gates, their representation, the truth tables and the hydraulic
representations.
AND

A
0
0
1
1

B
0
1
0
1

OR

Y
0
0
0
1

A
0
0
1
1

NOT

B
0
1
0
1

Y
0
1
1
1

Fig. 1. Basic logic gates
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2. The use of OR logic gate
In figure 4 there is presented an example of using the OR logic gate. As can be observed, the fluid
parameters – pressure, i.e. the force at the cylinder - will be modified by acting the pressure relief
valves. In case that in circuit is placed a throttle valve, the flow could be modified, i.e. the speed of
the cylinder rod.

In figure 2 is presented a hydraulic circuit containing an OR logic gate. In figures 3 there
are presented the hydraulic circuit, and the truth table for logic gate OR.

Fig. 2. The hydraulic circuit for OR gate

Fig. 3.a. OR truth table : A = 0, B = 0, y = 0

Fig. 3.b. OR truth table : A = 0, B = 1, y = 1
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Fig. 3.c. OR truth table : A = 1, B = 0, y = 0

Fig. 3.d. OR truth table : A = 1, B =1, y = 1

3. The use of AND logic gate
Figure 4 presents the use of AND logic gate. Figures 5 there are presented the hydraulic

circuit, and the truth table for logic gate AND.

Fig. 4. The hydraulic circuit for AND gate
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Fig. 5.a. AND truth table : A = 0, B = 0, y = 0

Fig. 5.b. AND truth table : A = 0, B = 1, y = 0

Fig. 5.c. AND truth table : A = 1, B = 0, y = 0

Fig. 5.d. AND truth table : A = 1, B =1, y = 1

4. The use of NOT logic gate
Figure 6 presents the use of NOT logic gate. Figures 7 there are presented the hydraulic

circuit, and the truth table for logic gate NOT.
5. Combined logic gates
Logical gates can be, also combined in order to obtain more complex functions.
So, if gates NOT and OR are combined, will be obtained NOR logic gate. Figure 8 presents the
use of NOR logic gate, the correspondent hydraulic circuit, and the truth table.
If gates NOT and AND are combined, will be obtained NAND logic gate. Figure 9 presents the use
of NOR logic gate, the correspondent hydraulic circuit, and the truth table.

45

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

Fig. 6. The hydraulic circuit for NOT gate

Fig. 7.a. NOT Truth table : Ā = 0, y = 1

Fig. 7.b. NOT Truth table : Ā = 1, y = 0

NOR (= NOT + OR)

A
0
0
1
1

B
0
1
0
1

NAND (= NOT + AND)

y
1
0
0
0

A
0
0
1
1
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Fig. 8. NOR gate representations

Fig. 9. NAND gate representations

6. Conclusions
The paper presented the possibility to generate logic gates, using fluid power components.
There are presented the hydraulic scheme equivalents of logic gates in correspondence with truth
tables.
References
[1] V. Radcenco, N. Alexandrescu, E. Ionescu, M. Ionescu., “Calculation and design of pneumatic
automation elements and schemes” („Calculul si proiectarea elementelor si schemelor pneumatice de
automatizare”), Technical Publishing House, Bucharest, 1985;
[2] https://en.wikipedia.org/wiki/Logic_gate;
[3] V. Alexa, S. Ratiu, C. Birtok-Baneasa, “Simulating pneumatic logic functions using pneumatic FluidSIM
software” (“Simularea functiilor logice pneumatice utilizand softul FluidSIM pneumatic”), ISSN 2067-7138,
Bucharest 2011, Proc. Science and Engineering, vol. 19, pp. 569-574;
[4] E. Dobândă, „Hydraulic actuation and automation systems” (Sisteme de acţionare şi automatizare
hidropneumatică), courese notes, 2010 – 2017.

47

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

THE STATE FEEDBACK CONTROL OF WATER HYDRAULIC SERVO
MOTOR SYSTEM BY POLE PLACEMENT
Yusuf ALTUN
Duzce University, Engineering Faculty, Computer Engineering, yusufaltun@duzce.edu.tr

Abstract: The state feedback control is presented by pole placement for the water hydraulic servo motor
system in this paper, which is a choice of driving source for many applications. Although the system is highly
nonlinear and has uncertainty parameters, it can be linearized around the working points. The pole
placement method is used for the velocity control because it has simpler structure and low-cost contrary to
advanced controllers or dynamic controllers. In addition, the control enables to place the desired poles.
Therefore, the oscillation, settling time and overshoot are regulated to the disturbances thanks to the
controller. The simulation results are presented for the control performance.
Keywords: hydraulic servo motor, control design, fluid system.

1. Introduction
Nowadays, water hydraulic servo motor systems, where a hydraulic motor is combined with a
servo valve, are a prominent position because of environment-friendly. The system fluid is water
because it has prominent features such as clean, non-combustible, cheap, and easily available.
Moreover, water hydraulics have a faster reaction according to oil hydraulics. These properties
give high opportunity to use for the industry such as food, chemical, forestry. Yet, they have
uncertain parameters, highly nonlinearities and disturbances in addition to the leakage flow and
friction in valves or actuators, wide friction torque during the lower motor velocity to oil hydraulics,
so their applications can be still rather limited. Accordingly, the researchers have studied on the
controller design of the systems to improve the motion performance. Many controller designs are
performed up to now. In [1], the gain scheduling PID controller is proposed for the wide overshoot
and steady-state error. In [2], a sliding mode control together with the disturbance observer is
performed for the angle of the system. In [3], some robust control methods including disturbance
observer are observed for the system by comparing. In [4], a simple adaptive control is
implemented to the system for the control of both angle and speed, which is simple, lower orderly
and has fewer adaptive variables. In [5], it is proposed that the PID funnel control together distance
approximation aimed to generate the controller signal is proposed for the speed control of the
system. In [6], an adaptive output feedback controller design is proposed for the position of
hydraulic servo system under uncertain parameters without measuring the states. In [7], a PID
control, whose parameters are tuned by genetic algorithm, is designed for the angular motion
control of electrohydraulic servo system. In [8], the position control based on the feedback
linearization of an electrohydraulic servo system. In [9], a robust adaptive control is implemented
for the hydraulic actuators with single-rod. In [10], an adaptive robust controller based on backstepping technique based is proposed for the electrohydraulic servo systems with uncertain
parameters and unknown dead zone. [11], a nonlinear adaptive feedback controller is designed for
the position of the system by using Lyapunov approach according to load disturbances and
frictions. In [12], an adaptive neural controller is designed for the velocity of the system via
feedback linearization. The above studies are either complex or costly for the applications. So, this
paper presents that the velocity control of the system via pole placement method for the water
hydraulic servo motor systems this paper. Therefore, the success is gained by regulating the
system poles against the disturbances.
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2. The Water Hydraulic Servo Motor System Model
Figure 1 shows the servo motor system to be controlled. It contains some basic elements. They
are a flywheel attached to a servo motor which generates the outputs the rotational θ(t) angle and
spool displacement of xv(t) servo valve. Therefore, the controller purposes the angle θ(t) or speed
θ˙ (t)/ω(t) by producing the u(t) control signal in voltage and so it brings about the spool displacing
of servo valve.

Fig. 1. Water hydraulic servo motor system [4], [5]

The xv(t) is regarded to u(t) as follows where kv and τv are the gain and time constant of the servo
valve dynamics, respectively.

 v xv  t   xv  t   kvu  t 

(1)

The other nonlinear dynamic equations are detailed in from (2) to (9) in [4]. Where, the of the
system is linearized to design the linear controller. Thus, the linearized transfer functions are used
in this paper. Accordingly, the friction and leakage flows are omitted and the flow-gain coefficients
of the related to servo valves are assumed to equivalent. kq  kq1  kq 2 . By defining the load
pressure (PL) and the load discharge flow (QL), the below equations are obtained.

PL  P1  P2

QL 

Q1  Q2 kq xve

2
2

Ps  Pr  sign  xve  PL

(2)

(3)

The Taylor series of (3) are as in (4) where k x , k p are determined by test around linearization
points.

QL  kx xve  k p PL

(4)

From (8) and (9) in [4], the expression is deducted with neglecting the load flow and all leakages.

QL 

V0
D
PL  M 
2E
2

(5)

the dead- zone character and valve dynamics are ignored for the system linearized, and so the xve
spool motion is directly regarded to the u(t) control signal ( xve  t   kvu  t  ). From the other
equations in [4], a transfer function from the control input u(t) to the output ω(t) is obtained as in (6)
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for which the whole leakages and frictions are omitted. State space form can be derived from the
transfer function for the controller design.

 t 
u t 



 ED

M

kv k x  V0 I fw 

s 2   EDM2 2 2V0 I fw  s   2 Ek p V0 

(6)

Also, the transfer function from the control input u(t) to the output θ(t) is obtained as in (7).

 t 
u t 



 ED

M

kv k x  V0 I fw 

s 3   EDM2 2 2V0 I fw  s 2   2 Ek p V0  s

(7)

3. The Controller Design for with Pole Placement
The pole placement method has been used for the linear control design in the literature. The
controller structure is simple for practical implementation. It places the poles of closed loop system.
Thus, it can provide stability, disturbance rejection, convergence rate, command tracking, noise
dispensation etc. therefore, the controller is designed against the disturbances thanks to the
effectiveness by the placing of desired poles.
For the linear system in (8), the controller signal is given by (9), where r is the reference signal.
The negative sign is used to indicate a negative feedback that is the general status.

x  t   Ax  t   Bu  t 
y  t   Cx  t 

u  t    Kx  K r r

(8)

(9)

So, the closed loop system is obtained as in (10) if the controller signal u(t) in(9) is replaced into
(8). Accordingly, the closed loop system matrices are in (11). Thus, the matrix K provides the
stability and Kf provides the reference tracking.

x  t   Ax  BKx  BK r r
  A  BK  x  BK r r
Acl   A  BK 

(10)

(11)

Bcl  BK r

It is tried to appoint the feedback gain K in order that the characteristic equation of closed-loop
system in (12) is adjusted. This control design via regulating the poles is called as pole assignment
or placement.

p  s   s n  p1s n1  ...  pn1s n1s  pn

(12)

The transfer function from reference signal r to output signal y of the closed-loop system is

Gyr  s   C  sI  A  BK  BK r
1

(13)

So, the static-gain Kr from reference signal r to output signal y is equal to (13).

Kr 

1
C   A  BK  B
1
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The given Kr is related to the values of parameters. Therefore, the system is calibrated regarding to
reference signal. This case is different from a system with integral action, in which the static-gain is
not dependent on the values of parameters.
4. Simulation Studies
The whole computations via MatlabTM are performed for the simulation studies. The parameters of
the system are as in Table 1 for the simulation studies [5]. The block diagram of control system
simulation is as in Figure 2.

Fig. 2. Simulation block diagram.
Table 1: The values of parameters for the tank system
Parameter

Symbol

Valve time-constant

Value
0.02 s

v

kv

Servo gain

-4

1.153x10 m/V
-4

Right valve dead zone

br

0.3x10 m

Left valve dead zone

bl

0.4x10 m

Discharge coefficient

Cd

0.61

Bulk modulus

E

2.2x10 Pa

Displacement volume of motor

DM

Leakage coefficient

CLi

The moment of inertia for flywheel

Ifw

-4

9

-6

15x10 m
-12

10

3

3

m /s Pa

4.5 kgm

2

-2

Volume of pipe

V0

5x10 m3

Flow gain coefficients

kq1 = kq2

0.858X10 m /√Pas

-3

2

In accordance with the simulation results, the outputs are as in Figure 3, Figure 4 and Figure 5.
According to the references which are stairs type, Figure 3 shows the response of the system
output angular velocity without disturbances. The output signal reaches successfully the desired
velocity. When is applied the disturbances, which affect the input and output signals, Figure 4
shows the response of the system. Accordingly, the successful of rotational velocity response is
decreased in point of reaching the desired reference signal due to oscillation and overshoot.
Therefore, the obtained output response is as in Figure 5 when the controller matrices are
constructed by changing poles in the design. Thus, the disturbances are attenuated and so the
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response is improved in point of reaching the desired reference signal. According to results, the
system performance is successful despite the disturbances in system.

Fig. 3. The angular velocity of the system without disturbances.

Fig. 4. The angular velocity of the system under disturbances.

Fig. 5. The angular velocity of the system under disturbances.

5. Conclusions
This paper presents that the state feedback control via pole placement is designed method for
water hydraulic servo motor system. The controller is designed by regulating the poles of closedloop. The design includes the regulation of closed-loop poles against to disturbances for the
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system. The simulation results show that the controller gives a good performance despite the
disturbances which affect input and output of the system. Thus, the simulation results demonstrate
that the controller attenuates the disturbances by regulating the poles. Finally, the controller is both
simple for the industry and successful against the disturbances.
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Abstract: This paper reviews the techniques for analyzing the Noise Control in Hydraulic System
components. Hydraulic power transmission was quieter than the gears, cams, connecting rods, and cables
that replaced. However, as economics led to higher pressures and speeds, it also led to less beefy
components. Power levels of machines also grew rapidly. All of these factors increased noise. Hydraulic
machines generally have a number of noise sources. This paper explains how Pumps, Motors and Valves
generate airborne, structure-borne, and fluid-borne noises. It identifies hydraulic parameters that influence
noise and guide planning programs for designing and developing of some quiet hydraulic components.
Economics requires that all quieting efforts be focused on identifying and controlling the key noise generator.
Keywords: Cavitation, fluidborne, noise, pump, valve

1. Introduction
Sources of noise in hydraulic systems are the pump and its driver, the distribution lines, control
elements and actuators. Of these, the pump is normally the main source of noise, but this can
usually be reduced to moderate levels by suitable acoustic treatment. The main aim at this end of
the system should be to minimize pump-generated noise and vibration and any associated
resonance. At the same time it is highly desirable to isolate the distribution line(s) so that vibration
generated by the pump unit is not transmitted through the pipe work, with the possibility of
resonance occurring at other connecting points. This does not, however, eliminates the possibility
of pressure pulsations being transmitted by the fluid to the pipe work system and attached
components, which phenomenon may need separate treatment.
Noise in fluid power systems is generally caused by pressure waves in the fluid stream. The
pumps in general use are positive displacement types and employ pistons, vanes, or gear teeth to
move the fluid. Since the fluid moves in sequential packets, pressure waves are set up in the fluid
stream. These pulses of fluid are a cause of noise and system instability.
All pump and motor noise standards require that only the sound radiated from the test unit be
measured. This is difficult and a whole technology has evolved for excluding unwanted noises from
support brackets, bed plates, drive shafts, and hydraulic lines. Valves present a different problem.
Their noise is due to a cavitation plume streaming downstream from the valve. For this reason the
sound radiated by the first few feet of line as well as that of the valve must be included in the
measurement.
Cavitation is an undesirable phenomenon in fluid power systems, which not only changes the fluid
characteristics like density and compressibility, but also induces vibration, noise and erosion. In oil
hydraulic systems, cavitation most frequently occurs in valves, pumps and actuators, inside which
the pressure plays an important role in formation and development of cavitation. It is clear that
when the local hydrostatic pressure drops below the fluid vapor pressure at the actual temperature,
cavitation occurs.
Cavitation inception was investigated a lot in various cavitation models and by various ways, and
several engineering methods were proposed. As in pump cases, detection of the net positive
suction head (NPSH) and paint erosion were usually used as direct index for cavitation inception
judgment. In some cases, the measurement of static pressures on the volute-casing wall was used
as evidences for cavitation distributions. Sound and vibration were mostly used for cavitations’
detection. Acoustical signals are used to judge the thresholds of cavitation inception. The
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interferences from environmental noise can be easily eliminated based on the spectrum method.
The cavitation distribution states play an important role on the cavitation noise [1].
2. Types of noise
Vibrations are called structure borne noise and fluid pulsations are called fluid borne noise. Pump
commonly generate as much as 1000 times more energy in the form of structureborne or
fluidborne noise than they do in the form of airborne noise. These forms act on other machine
elements and frequently end up generating more airborne noise than that coming directly from the
pump. Because of this, it is important to control all three forms of noise. Controls for the three
types noise are different [2].

Fig. 1.Three forms of noise

2.1 Fluidborne Noise
Fluidborne noise is that it has as much as a thousand times the energy of pump airborne noise. It
therefore poses the risk of exciting other machine components to produce high airborne noise
levels. Even when the conversion is relatively inefficient, it can produce louder than the pump itself.
Pulsations generate vibrations as well as sound. They are responsible for hydraulic line vibrations
that cause metal lines to fail in fatigue and flexible lines to fail by chaffing. Often, these fluidborne
noise-induced vibrations, in turn, also generate sound. Fluidborne noise is generally more
important in mobile machinery than in industrial. There is a new and growing concern over
fluidborne noise. Pulsations can interfere with the electronic controls that are finding wider use in
hydraulic systems. Most of these depend on pressure oscillations generally require more
sophisticated electronics for signal processing and may also limit the system’s sensitivity.
Fluidborne Noise Mechanics
It is periodic fluid flow perturbations or pulsations. When these encounter flow resistance, they
result in pressure pulsations as well. For this reason it generally considers fluidborne noise to be
pressure pulsations or waves. The major difference in airborne and fluidborne noise is the medium
in which they exist. Because fluids have higher stiffness or bulk moduli, fluid waves travel faster
than air waves. The sound velocity in a fluid is:
C=

, where β = bulk modulus, ρ = mass density

It follows that the length of fluidborne waves, the distance between like points on successive
waves, is
Wavelength, λ = C / f , where c = sonic velocity , f = frequency
It is often necessary to deal with fractions of a wavelength. In this we consider wavelength in terms
of angles, with one wavelength equal to 2π rad. Angular fractions of a wavelength are found by
multiplying distances by a coefficient equal to:
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This quantity is called the phase shift constant because the phase difference in pressures at two
points is determined by multiplying it by the distance between the points.
It may be necessary to analyze the various possible sources of noise in the complete hydraulic
system in detail in order to arrive at satisfactory noise treatment. In this case the possible sources
of noise generation are, in decreasing order of significance:
(i)
Pump Noise
(ii)
Appliance noise
(iii)
Control element noise
(iv)
Water hammer
(v)
Chatter
(vi)
Cavitation
(vii)
Resonance
(viii) Pipework noise
(ix)
Thermal effects
Pump Noise and Vibration can be minimized by mounting by the pump and motor on a common
base (or Mounting the motor integral with the pump) and isolating the complete unit on a resilient
mount. A general recommendation is that the natural frequency of the isolated mount should not
exceed on-quarter of the shaft speed (frequency), although it may be permissible to approach onethird of the shaft speed if a stiffer mount is required. If further acoustic treatment is required the
whole pump/motor unit can be fitted with a suitable enclosure. The majority of hydraulic pumps are
driven by electric motors, so no special problems are involved other than ensuring an adequate
airflow for cooling the electric motor. If necessary a forced draught ventilating system can be used
with a completely sealed enclosure, employing dust silencers of the absorptive type.
3. Measuring Pump Fluidborne Noise
The pump pressure pulsations are influenced by discharge line parameters. Because the
discharge line has this much influence, there is a problem in finding a measurement that accurately
scales a pump’s intrinsic fluidborne noise without being affected by the test circuit.

Fig. 2. Schematic diagram of pump circuit

A cavity in the pump represents the fluid volume in the discharge passages. This volume is the
primary factor in determining the pump impedance.
The periodic flow generated by the pump, at each frequency, is divided between the pump and test
circuit impedances inverse proportion to their magnitudes.
The flow then is:

Where P1 = measured pressure at interface, Zs = pump internal impedance , ZL = test circuit
impedance at interface
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Solving this for the pressure measured at the interface

The numerator consists of two inherent pump parameters. Their product is called the blocked
pressure because it is the pressure pulsation that would be generated if the pump only produced
its noise flow and its outlet was blocked. It is an inherent property of the pump that is analogous to
the open-circuit voltage of an electrical generator.
Although pump flow perturbations are the basic cause of fluidborne noise, it is generally agreed
that the blocked pressure is the best measure of this noise. The principal reason is that dynamic
pressures are easily measured, whereas dynamic flows are very difficult to measure.
The locked pressure is measured by the transducer at the pump interface if the test circuit
impedance is much higher than the pump impedance.
The impedance of the test circuit is:

Where ZT = load valve impedance, ZO = test line characteristic impedance
Β = phase shift constant, l =test-line length
In most pumps, the compressibility of the fluid in the discharge passages and the pumping
chambers in communication with the discharge port account for most of the pump impedance.
4. Hydraulic Components
4.1 Decoupling of pump vibrations
The flexible pump carrier is used to connect the hydraulic pump to the drive motor, whereby the
transfer of component vibrations and oscillations is avoided to a large extent. The pump vibrations
are isolated and damped by a temperature and fluid stable rubber ring which transfers all the
forces. By using a rotary flexible coupling there is no metallic connection between the pump and
motor. The noise level within a hydraulic system may be reduced considerably by this means.

Fig. 3. Pump carrier with damping of vibrations (Flexible pump carrier)

The possible reduction in the noise level depends on many factors ( type of pump, operating
pressure, type of pipes, construction, etc).Hence exact values cannot be provided. In general noise
levels may be reduced by up to 6 dB (A). The damping materials used in the pump combinations.
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Figure shows the measuring arrangement and typical noise reduction for an flexible pump carrier
in comparison with a rigid pump carrier [3].
4.2 Valves
Noise due to the operation of valves, regulators and control elements is transient and related to the
degree of turbulence or cavitation produced, although in specific designs and certain
circumstances individual elements may be subject to vibration and generate a continuous noise.
So much depends on the design and finish of the flow passages involved that no general analysis
can be attempted. The noise level of such devices is dependent on the design and localized flow
velocities produced and also on the response time, where applicable.
The latter effect can be minimized by arranging that the response time is shorter than that required
by the system, This will result in minimum ‘hammer’, ‘Water hammer’, in fact depends on the
switching velocity of the valve-i.e. on the spool-switching velocity in the case of spool valves.
Valves operated by dry solenoids have in fact; uncontrolled response and so often produce
‘hammer’. Wet solenoids are cushioned by the hydraulic fluid so move more smoothly and open
the valve passages more gradually.
Many of the valves used to control hydraulic systems are constrained with steel coil springs. The
valves are free to move within the valve housing and are biased on one or both ends with springs.
The valve and spring effectively act as a spring-mass system. The valve may then oscillate at its
own natural frequency and is also subject to the forcing function provided by the pressure waves in
the fluid stream. Pressure waves in hydraulic systems can cause control valves to become
unstable during operation and also contribute to vibration and noise. Therefore, it becomes
desirable to filter out or at least reduce the magnitude of the pulses, in order to optimize the
performance of fluid power systems and their controls. Reduction in pressure wave amplitude also
reduces wear and damage to system parts. The fluid pump is usually the primary source of
pressure pulsations. These waves travel throughout the fluid system. Therefore, it becomes
advantageous to reduce the amplitude of the pressure waves as close to the source as possible.
Cavitation in valves
Cavitation is a breakdown inflow caused by the localized fluid falling below the vapour pressure of
the fluid. Consequently, vapour bubbles are formed resulting in irregular and noisy flow. Such a
reduction in pressure can occur in regions of localized high flow velocities, such as are caused by
restrictions to the flow path. Accurate prediction of cavitation conditions is most difficult, and
usually impossible, in the design of valves and fittings, and problems have to be tackled on
empirical lines. If the flow rate is sufficiently restricted cavitation and noisy flow can be expected.
Thus partially closed tap or valve is nearly always noisier than when fully opened; also quiet a
small change in position, and thus flow rate can cause a change from cavitating to non cavitating
flow. It is also a characteristic of many valves, that for flow rates (valve openings) below that which
produces cavitation, cavitation noise increases with increasing frequency: whilst for higher flow
rates, where flow is non-cavitating, cavitation noise does not vary greatly with frequency.
Cavitation is by far the leading noise generating mechanisms in valves. It is quite common in
pressure-regulating and pressure relief valves. When these valves cavitate for a long time, there
may be more of an erosion problem than a noise problem. When the erosion occurs, it not only
reduces valve life but pollutes the fluid within metal particles, which cause pump damage. Valves
control fluid flow by constructing the flow path. This causes the fluid to speed up in passing through
the construction. Since friction losses in turbulent flow are proportional to the square of velocity,
the needed energy loss is then achieved in a relatively short distance.
In the case of high pressure systems, or valves subject to high pressure drops, it is desirable to
utilize flow paths designed to eliminate cavitation as this can cause physical damage to the valve
components as well as excessive noise. The problem, basically, is one of preventing the pressure
in the valve throat from falling below the fluid vapour pressure in order to prevent cavitation
occurring.
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4.3 Cavitation Noise
Cavitation itself does not cause noise. It is the collapse of the cavities that causes noise. With
valves this occurs when the jet dissipates into a more normal flow and pressure recovery takes
place. Often this happens in the discharge line, outside the valve. Bubble collapse releases a
surprising amount of energy. When it occurs at a solid surface, it is capable of causing surface
fatigue failures, pitting, in all but the hardest materials. The energy also causes structural vibration
that can end up as a loud noise. In addition, the reaction with the rest of the fluid results in high
levels of fluidborne noise.
Cavitation generated fluidborne noise is confined to the downstream side of the valve orifice. While
the impedance of the orifice is sufficiently different from that of the downstream passage, to reflect
much of this noise downstream, it is believed that the cavitation bubbles do most of the reflecting.
Cavitation noise is random, like the bubble collapse that causes it. Fluidborne noise exists at all
frequencies but is strongest in the range 4 to 8 kHz. Because of its strong high frequencies, it is
efficiently radiated as airborne noise. It is generally described as a hissing sound.
4.4 Cavitation Control
A good way to avoid cavitation is to design the throttling device so that it has laminar flow. The
advantage of this type of flow is that It uses viscous friction to achieve fairly good energy loss with
low velocities and it does not generate vortices. This type of flow occurs when the Reynolds
number of the flow is below about 2000.
The Reynolds number is: N =2500vR /v
where v = fluid velocity, R= hydraulic radius, v =kinematic viscosity
The hydraulic radius, in this equation, depends on the shape of the flow cross section. It is defined
as R = cross-sectional area / perimeter.
In case of passages that are round or whose cross-sectional dimensions remain proportional, their
areas decrease as the square of their size while their allowable velocity changes only linearity. It
would seem desirable to keep the passages as large as possible to keep from having to provide
large numbers to handle a given flow. However, as velocities are reduced, the passage length
must also be increased, to achieve a given pressure drop. It can be shown that pressure drop for
laminar flow.
, where k = a constant, l= path length
V = average flow velocity, NR = Reynolds number
From this it can be seen that the real advantage is in reducing passage size and increasing
velocity, because this rapidly reduces the length needed for a given pressure drop. Porous
materials are sometimes used to achieve laminar flow. Both compacted stainless steel wool and
sintered powdered metal have been used. These not only provide small pore sizes, they also offer
paths with many turnings which are good for energy loss. However, they erode easily and shed
debris if velocities are too high or if some cavitation occurs.
A difficulty with using this material is in making the valve adjustable. Figure 4 and 6, shows the
general idea of an adjustment scheme. With this configuration, either the porous plug of the outer
port sleeve can be moved back and forth to change the flow path length. A similar throttling
mechanism utilizes flow paths etched in the faces of washers. Multiple paths are provided by
stacking many washers together to form a porous sleeve.
Since cavitation is caused by low pressure, it seems reasonable to except that it could be
suppressed by increasing a valve’s back pressure. Increasing back pressure increases sound
power. It has been observed that increasing back pressure shifts the bubble collapse zone
upstream. From this it is concluded that the sound increase is due to having more bubbles collapse
near the solid valve surfaces. The maximum occurs when the collapse zone reaches the valve.
The fact that this maximum noise occurs at back pressures that increase with flow appears to
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support this theory. Noise reductions occurring when back pressure is increased above the
maximum noise pressure are probably due to reduced cavitation.

Fig. 4. Porous metal valve concept

Fig. 5. Etched washer valve concept

Some noise reduction is achieved by using a series of pressure drops, with the downstream ones
providing back pressure to suppress cavitation in their upstream counterparts. A pilot operated
valve was built with two poppet valves in series with the control, dividing the pressure drop equally
between the two stages. This valve produced less noise than that of a comparable valve of
conventional design.
Reductions of sound levels have been made by recontouring the throttling device and valve
passages. The objective of these modifications is to move cavitation collapse farther from solid
surfaces and to smooth discharge flow to reduce vortex formation. It is believed that noise
reductions achieved by contouring the spool valve shown in Fig is due to this factor. Throttling
element modification can produce larger noise reductions. Test results shows that , there was a
definite increase in noise as the poppet angle was increased. The quietest seat was the straight
sided orifice shown. Convergent and divergent orifices had little effect on noise levels for the lowangle poppets. It was found that part of the reason for the high noise levels with the large angle
poppets was due to the flow restriction that they caused. Reducing the poppet diameter to provide
a more generous downstream passage reduced the noise level.

Fig. 6. DCV spool contoured for low noise

Fig. 7. Quietest poppet and seat assembly

4.5 Valve Oscillation
This noise is a single-frequency or pure tone sound, generally described as a squeal or whistle.
Single-stage poppet valves are the most liable to be unstable. This can be due either ability to
react more quickly or because they have less damping than that of spool or pilot operated valves.
The fact that valve instability produces a pure tone shows that a resonance is involved. Research
has shown that valves are capable of generating self-sustaining oscillations. One source of these
oscillations is a flow instability called hydraulic jet flip.
At lower pressure drops, jets tend to cling to a wall. At higher pressures it takes on a more
independent form. There is a transient pressure range where it exists in either form and may flip
back and forth from one to the other. Each time it flips, the flow is perturbed and the valve begins
to oscillate. Squeal from such sources occurs at some operating conditions and not others.
Flow and acceleration forces that tend to open the valve further than called for provide another
motivation for valve oscillation. The onset of vibration is related to the strength of these forces in
comparison to other parameters, such as stiffness, damping, and how much the ports open for a
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given valve movement. These forces increase with pressure drop through the valve, which
explains why some valves provide good service at some pressures but begin to squeal at higher
pressures.
The system in which the valve operates may have natural frequencies that are excited by
transients and cause the valve to sustain the oscillations. This occurs with valves having just a little
more than border line stability. Valves with even greater inherent stability succumb if their natural
frequency nearly matches that of the circuit. These valves operates satisfactorily in some circuits
and squeal in others. Sometimes, changing the line connected to a valve makes this difference.
Long lines increase the likelihood of an unfavorable match with a valve because these have a
larger number of resonant frequencies in the range of valve natural frequencies. For that reason
instabilities are sometimes avoided by using shorter lines. Valve inner chamber volume has an
effect similar to adding line length, so reducing this volume is another option. Another way of
discouraging this type of instability is to use lines composed of two different diameters so that
reflections from the change in diameters interferes with the organ pipeline resonances.
Analyzing valves and their circuits to determine what factors must be changed to avoid instability
requires considerable effort. Literature on this process universally prescribes replacing a squealing
valve with one of a different design. Where the offender is a single-stage valve, it is best replaced
with a pilot operated valve.
Pilot operated valves have instabilities, although these are relatively rare. When it occurs after
operating without trouble for a long time, it is usually cured by replacing worn seats or poppets.
One unstable poppet valve problem was cured by installing guides that prevented sideways poppet
motion. Such motion will produce flow perturbations as well as axial motions. This suggests that
some valve instabilities are due to lateral vibration, which does not appear to have been
considered in past research [4].
4.6 Reservoir
Reservoirs should be designed to avoid the entrainment of air in the fluid, and the
recommendations given in the following paragraphs are intended to assist in this. Return lines
should enter and suction lines should leave the reservoir well below the surface of the fluid when at
its lowest permissible level. Return lines should be fitted with a pepper pot and suction lines with a
bell mouth entry or a suction strainer where they enter the reservoir. A baffle should be fitted
between the suction and return lines. Variable capacity systems require special attention. The
reservoir should be fitted with a bubble separator. This may be a single 60 mesh wire gauze set
between the return and suction tank openings. Maximum effect is obtained when the gauze lies at
an angle of 30o to the horizontal.
Where a reservoir is pressurized with air, there should be a separator at the oil-air interface. The
pressure drop across the entire suction line should not exceed 0.3 bar regardless of reservoir
pressure, nor should suction pressure at the pump inlet be less than 0.2 bar. Suction line velocities
should not exceed 1.5 m/s. Working and return line velocities should not exceed 4.5 m/s.
Reservoirs should be flexibly mounted and isolated from surrounding structures.
4.7 Pipelines
A simple method of isolating or decoupling the pump from the delivery line is by a flexible hose
connection. Isolation can be further improved by suing two such hose lengths in close proximity
and mounted at 90o to each other. Ideally, isolation by flexible pipe should include bends in two
mutually
perpendicular directions with equal distances between bends. In general, isolation of
the pump and motor from the tank by suitable mountings and decoupling from the pipework will
free the rest of the system from the transmission of mechanical vibrations and the consequent
possibility that these would be amplified. Care must be taken to ensure that there is no shortcircuiting of the isolation or decoupling employed.
Noise produced in hydraulic lines may be pump generated (changes in power and pressure, or
varying amplitudes of pressure pulsations) or fluid generated (flow instability, turbulence or simple
fluid friction). Fluid generated noise in small bore pipes with low to moderate flow rates is generally
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negligible, unless pressure pulsations are present. Thus pipe vibration, and consequent radiation
of airborne noise, is usually due to the higher level of noise generated by fittings; pipe resonance is
due to mechanical vibration or resonant noise generated in supporting systems.
4.8 Suction Line
The suction line is a first suspect in a hydraulic installation which proves noisy, and where the
noise cannot be directly attributed to pump or components. Suction lines can generate noise if
there is an excessive pressure drop when the pump is sucking at sub-atmospheric pressure and
drawing air out of solution. The resulting formation of air bubbles, and their subsequent collapse,
can cause ‘mechanical’ noise which is often erroneously diagnosed as pump noise. Suction line
noise can also be caused by a partially blocked or undersized suction filter, poor placement of the
outlet pipe in the reservoir or entrained air.
4.9 Delivery Lines
Delivery lines can carry mechanical vibrations to distant parts of the circuit. These vibrations may
be amplified at local points by the resonance of supporting structures or components directly
connected to the pipework. Resonance can be eliminated by decoupling connections. All pipework
installations should be designed on the basis of avoiding abrupt changes of section which could
lead to large flow velocity changes and generation of turbulence.
5. Components to Reduce Noise
Hydraulic systems include components which agitate fluid and air and these effects influence each
other. In order to reduce noise in hydraulic power units various measures are available. Due to the
large surfaces and the thin metal walls used, oil tanks are very good resonators. By using
materials which damp vibrations it is possible to decouple noise from the tank. Measures which
help in this are: Placing pump on an anti vibration element , Installing a vibration damping pump
carrier, Using pipe ducts made of rubber, Fixing lines with noise damping fixing clamps. Vibrations
occur in fluids especially when pressure pulses are present. Measures which help in this are the
use of accumulators which remove pressure pulses and creation of opposing pulses, which
neutralize the pulses within the complete system. Decoupling of air vibrations is only possible by
using an acoustic absorption cover over the hydraulic unit.
The vibration and noise damping characteristics of these clamps are the most important, as
transfer of component vibrations to the complete system may be avoided in this way. Components
for the decoupling of vibrations in fluids. Accumulators are mainly used to decouple vibrations in
fluids. It is only possible to decouple the noise travelling in air in hydraulic systems by using noise
absorbing covers.
Sufficient damping for pipes is usually provided by suitable supports, or pipe clips spaced at
regular intervals, the supports having resilient linings so that vibration in the pipe is not transmitted
directly to the surface to which the supports are fixed.

Fig. 8. Vibrating and isolating pipe clip and Pipe clamp block with vibrating isolating material

Shock Preventers
Shock preventers are pulsation dampers ( or accumulators ) characterized by having very large
flow inlet apertures which are partially closed off by liquid trying to flow back out of them. They are
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not shock absorbers, as they prevent shock or surge occurring. For the same reason , they do not
attenuate shock.
Shock Removers
These are sensitive hydro devices which prevent a standing wave from passing farther down a
system or from bouncing back through them. They are normally of tubular or sleeve form with a
flexible membrane.
Acoustic Filters
Acoustic filters can be fitted to systems where pressure ripple is high. These are essentially tuned
silencers which are critical in design and are usually effective over only very narrow frequency
bands, although the attenuation achieved can be quite high. Untuned silencers simply comprise an
expansion chamber with broader coverage but reduced attenuation. An accumulator is, in effect,
an unturned hydraulic acoustic silencer and is most effective at lower frequencies.
Conclusion
The cheapest quiet machines are those that initially were planned, designed and developed to be
quiet. Many noise controls can be incorporated into a new design for little cost but are expensive
when added to an existing machine. It is important to set these goals for machines while they are
still in their planning stage. Having a clear noise-level goal saves time in making other planning
decisions. If it indicates the need for noise controls such as isolators or enclosures, other planning
factors can be adjusted to accommodate these without losing time.
A machine can have almost any noise level, from a very high one to a very low one, depending on
how much noise control is built into it. In planning a new machine, estimate its noise level for some
known degree of noise control. Operating parameters such as size, speed, and pressure all affect
noise, so selecting the optimum combination of these three parameters is the first step in finding a
quiet pump. Since speed has the greatest influence. This is because, as speed increases, more of
the strong, lower pumping harmonics move into the frequency range where they radiated
efficiently.
Noise increases equally with both pressure and pump size, so there is no advantage of trading off
one against the other. For quietness, the optimum operating parameters are the slowest practical
speed and any combination of pressure and displacement that provides the needed hydraulic
power. Unit selection has to be on the basis of airborne noise ratings. There is not enough data on
structure and fluidborne noise for making comparisons. It is generally assumed that steps that
reduced audible noise of a pump also reduced the other two noises as well. This is a reasonable
assumption when comparing pumps and motors of the same type but may not be valid when
comparing different types.
The leading noise generator provides a basis for estimating a proposals machine’s noise level.
Usually, it is a pump, but it could just as well be a hydraulic motor or, in rare cases, a valve. The
noise source’s sound pressure rating is useful because it approximates numerically the noise level
that the unit will generate in a machine that utilizes normal machine design practices and does not
have any special noise control features. Since pumps, motors and valves are the leading noise
sources, it follows that selecting the quietest ones is the first step in producing a quiet machine. To
generalize, noise levels of industrial and mobile machines should not exceed 85 dB.
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1. I.C. ECOSIN-MECATRON


I.C. ECOSIN-MECATRON = New MECHATRONICS and CYBER-MIXMECHATRONICS
MULTIAPLICATIVE Intelligent Systems, is currently research infrastructure I.C. national
and distributed and in the future European / international and distributed.
 Coordinator partners
INCDMTM – coordinator and initiator of I.C.);
Partners (and participants):
INCD-ICPECA; INCD-IMT; INCD-TP; INCD-INMA; INCD-INOE 2000; INFLPR; IMSAR; ISSR; S.C. OPTOELECTRONICA 2001; INCD- Victor Babeș; I.N. Fundeni; IPACIFAT, Craiova; U.P.B.; U.Gh. Asachi-Iași; U.Tr.-Brașov; U.V. Târgoviște; U. Dunărea
de Jos-Galați; U. Ovidiu- Constanța, U. Lucian Blaga- Sibiu; U.T. Cluj-Napoca; U.P.Timișoara; U. Ștefan cel Mare- Suceava; U.T.- Craiova; U.- Pitești; U.M.F. Carol
Davila- București; R.T.R. București; S.C. Automobile Renault- Dacia, Pitești; AroTT;
 Location: distributed, at the headquarters of the coordinator and partners and participants
(currently- from România and in the future – from Romania and Europe). Headquarters of
the coordinator institution is: București, România, șos. Pantelimon, nr. 6-8, sector 2; web:
www.incdmtm.ro;
 Short description: I.C. ECOSIN-MECATRON, develop Smart Specialized Intelligent
Domain Eco-Nano-Technologies and Advanced Materials from SNCDI by Physical Sciences and
Engineering correlated and focused with the field of science, Mechatronics and Cyber
Mechatronics.
 Due to advances in automation of manufacturing and processes, mechatronics and cybermechatronics are gaining more and more importance, and its demands result in the need for
advanced intelligent systems. Due to the increasing importance of automation and manufacturing
and processes, the automation and cybernetic technology industry takes on an increasingly
important role in industrial processes (intelligent manufacturing, intelligent integrated control). The
basis of any intelligent mechatronic and / or cyber mechatronic closed loop control system is to
detect states and variables of intelligent coloring or data processes that are then remote
configured, remote manipulated and remote monitoring.
 Scientific context and relevance: I. C. ECOSIN-MECHATRON is relevant in the context
of major societal challenges, this project being unique to Romania's industrial and economic
construction and to many countries in the world. In Romania, INCDMTM has developed intelligent
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and cyber-mechatronic systems and products already implemented in the Romanian industry (ex
SC Automobile Renault-Dacia, Pitesti). Since 2000, INCDMTM has created and developed other
evolutionary engineering branches, such as Integronics and Adaptronics, as scientific steps to
Cyber-Mechatronics and Multi-Media Cyber-Mechatronics, with adaptations to the new working
conditions of the intelligent industry and the performing economy. INCDMTM, collaborates in this
intelligent specialized field with other national institutes, technical and polytechnical universities
and other companies, in the fields of: Mechatronics and Micro-Nano-Mechatronics; CyberMechatronics and Cyber-Micro Nano Mechatronics; Advanced intelligent materials; Mechatronics
in Robotics, Mechatronics in Agriculture 4.0; Mechatronics in Industry 4.0; Automobile
Mechatronics [Autotronics]; and so on The ECOSIN-MECATRON project contributes to the
achievement of the objectives of the National Strategy for RDI 2020, namely general strategic
objectives: increasing the competitiveness of the Romanian economy through innovation,
increasing the Romanian contribution to the knowledge programs; increasing the role of science in
society and specific objectives: increasing the level and efficiency of knowledge in correlation with
the public priority: New and emerging technologies.
 The state of implementation in Romania: I. C. ECOSIN-MECATRON, includes a
National Strategic Consortium (Universities and Research Entities), which will expand its European
/ international strategy (with existing Mechatronics and Cyber-Mecatronics entities in Europe). The
implementation steps are: p1 - the development of the National Consortium (achieved) and the
International Strategic Consortium (to be achieved); p2 - offering projects in the fields of I.C., by
national and European programs (partially implemented); p3 - project execution (in progress); p4monitoring of construction and equipment related to projects and infrastructure (in progress); p5monitoring of national and European project financing (to be achieved); p6-enrollment of I.C. in
Networks (national and European / International), completing the National and European Values
Chain (to be achieved); p7-value contribution of I.C. (to be achieved). I.C. highlights the
achievements already begun with socio-economic impact, as follows: achieving over 250 intelligent
mechatronic products implemented in industry (e.g. Automotive Industry – SC Automobile RenaultDacia, SC Componente Auto Topoloveni, SC Renault Technologie Roumanie, etc.). ), the creation
of new jobs (about 120); increasing labor productivity, increasing the quality of manufacturing, etc.
 Socio-economic Impact: (a) the chronology of events: established in 2010, and based on
the SOPE projects. The initiative started with the projects won at the POSCCE competitions, as
early as 2010, for the intelligent domains: CENTERS: Sedcontrol, Bio mechatronics, Certim,
Cermiso, Knowledge Transfer and Mechatronic Products. (b) the type of service they provide or
they will provide: industrial and laboratory; for intelligent manufacturing; new and advanced
materials; micro-nanotechnologies; automation and cybernetization of manufacturing, etc.
 The socio-economic impact in Romania will be sustainable and developed for a Romanian
information society with a modern and competitive 4.0 industry with intelligent agriculture, etc.
 Socio-economic impact in the E.U. and in the world will be globally sustainable and
developed for a society of intelligent knowledge and a neural society, with intelligent industries and
economies, with superior and performing social, cultural and communication relations and with
societal transformations and changes, corresponding to the level of the 21st century.
• Unique character of I.C. ECOSIN-MECATRON:
- radical societal changes (industry 4.0 - intelligence and cybernetics, agriculture 4.0 intelligent and cybernetics, intelligent medicine, advanced aerospace industry - mechatronic and
cyber-mechatronic systems and technologies for adaptive and multifunctional aerospace systems
(e.g. drone systems and networks for agriculture - control of crops and agricultural production), etc.
The ECOSIN-MECATRON project contributes to the achievement of the objectives of the
National Strategy for CDI2020, namely general strategic objectives:
 ECOSIN-MECATRON, contributes to the achievement of the main and specific objectives
of the National RDI Strategy 2020 at national level and the Europe 2020 and Europe 2030
Strategy at European / International level.
 Financial Information:
Construction costs and infrastructure for the European component: 280 mil. Euro
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Construction costs and infrastructure for the Romanian component: 56 mil. Euro
(of which spent and provided in contracted projects, 7.009 mil. Euro);
Total operating costs: 38 mil. Euro
Operating costs, Romanian contribution:19 mil. Euro
• Representative image:

2. Preamble
The new Intelligent Specialization Mecatronica, Mix - Mechatronics and Cyber - MixMecatronica,
addresses the philosophy of education in the new Engineering for the Future and Future Cognitive
Society, as well as the holistic multidisciplinarity of it.
Depending on the new requirements of the process, product, materials, technology, energy,
application and effect in industry, economy and society, this new field has been developed, upgraded
and adapted to meet various operational criteria such as reducing material resources , energy and
finance, high-level operation, optimal ergonomics, and cost-cutting at the limit.
In this sense, the concept and the evolutionary structure of the intelligent specialized field develops
66

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
towards a generative evolution, by adding new structural, functional elements and components and
subsystems, on new principles and adapted accordingly to the new scientific discoveries, in order to
obtain technical facilities and effects, technological and economic demands required by the concrete
applications of intelligent mechatronic products, technologies and services.
The concepts of the mechatronic and cyber-mixmechatronic experimental models are involved in
selective scenarios and variants and in support of their construction, through engineering
challenges, as follows:
 selected scenarious on “monitoring system of controllers from distance;
 selected scenarious on “actuator detection control system”;
 selected scenarious on “ Automated Traffic Control and Monitoring System”;
 selected scenarious on “ mobile surveillance system for automobile survival”;
 selected scenarious on “monitoring system of communication channel”;
 the concept of a "cyber-mecatronic robot system with telemonitoring and telecontrol" and
modularised programming and coordination systems in cyberspace;
 the concept of a “the concept of a "intelligent 3D mecatronic system with two grippers and two
3D sensors for measurement, integrated control and industrial services" and monitored
programming and coordination subsystems in cyberspace;
 the concept of a “ the concept of a "cyber-mecatronic technological instrument system with
telemonitoring and telecontrol and modularized programming and coordinating subsystems in
cyberspace;
 the modular structure of a “mechatronic and cyber-mecatronic intelligent control system of
castings in the automotive industry by telecontrol and telemonitoring" and the modularized
programming and coordination subsystems in cyberspace;
 the concept of “ convergence of complexity in cyber-mechatronics’;
 “microcontroller programming and interfacing to intelligent mechatronic and cyber-mixmechronic
systems”;
 “ Intelligent Mechatronic 3D Equipment for Processes of Measurement, Control and Industrial
Services”;
 “intelligent mecatronic intelligent 3D equipment, dual in triple axes”;
 “ hardware and software structures for mechatronic and cyber-mechatronic systems”;
 “ creating virtual prototypes that increase the speed of development of mechatronic and cybermechatronic machines”;
 “conceptual design of the magnetic suspension for the suspension system”;
 the structure of cyber-mixmecatronic 3D multi-application system with telecontrol and
telemonitoring”;
 “magneto-rheological damping system for railway vehicle suspensions”;
 etc.
It is presented in ECOSIN-MECATRON, in original concept, foundation of cyber-mixmechatronics
multiaplicative systems as parts of cyber-physical systems (cyber-physical / cyber-mechatronics
and intelligent virtual solutions in construction. The paper focuses on the basics of cyber-physical
systems supported by the world's great strategists, with specific examples and concepts, with
potential societal applications - intelligent mechatronic systems and in the future, clatronics,
systems in virtual reality, with some major challenges on reliability and uncertainty, abstraction and
physical-cybernetic matching, as well as design software, time-sensitive programming languages
and networking for superdense time.
The Universe of Cyber Physics (or Physical Cybernetics / Cyber-Mechatronics) includes, in its
program of development and implementation, the main stages, step by step, to materialize and
implement them in society, to ensure innovative national, European and international strategies for
a post-informational and neural society.
Thus, they are based on the "bases of cyber-physical systems" created and grounded by the great
strategists of the world regarding:
> The concepts of cyber-physical systems (supported by global strategists Christopher
Chadwick, Sarah Betzig și Fei Hu);
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> The design challenges of cyber-physical systems (supported by global strategists Cameron
Patterson, Roger Vasquez și Fei Hu);
> Creating mobile cyber-physical systems (supported by global strategists Yeqing Wu și Fei Hu),
Follows the "design principles of cyber-physical systems":
> Cyber-physical systems controllers (supported by Tony Huynh, Ahmed Alsadah and Fei Hu);
> Learning apprenticeship on the Physical-Cybernetic Intelligent System (supported by Kassie
mccarley, Joseph Pivscan and Fei Hu);
> Application of HDP-HMM for the dynamic recognition of "hand gestures" (supported by world
strategies Lv Wu Ting Zhang and Fei Hu);
> Modeling problems in Cyber-Physics Systems (supported by global strategies Michael
Johnson, Tony Randolph and Fei Hu);
> Modeling Cyber-Physics Systems (Cognitive Vehicles - Remote Airplane), (backed by global
strategy Meng Cheng Ong, Fei Hu and Yang-Ki Hong);
> Security of Cyber-Physics Systems (supported by Steven Guy, Erica Boyle and Fei Hu);
> Physical Cyber Security Systems - Smart Smart Network example (supported by Rebecca
Landrum, Sarah Pace and Fei Hu),
Continuing with "Intelligent Sensor Architecture - the basis of Cyber-Physics Systems, on:
> Wireless sensors and wireless actuators for applications in Cyber-Physics (supported by Kassie
mccarley, Joseph Pierson and Fei Hu);
> Communication detection (supported by Trenton Bennet, John Har and Fei Hu);
> Integrated / Deployed Wireless Microsystem Architecture and Security (supported by Derek
Chandler, Jonathan Pittman, Jaber Abu-Qahouq, and Fei Hu);
> Application of a learning machine in physical sensing activity monitoring (Wenlong Tang, Ting
Zhong and Edward Sezonov)
Finally, it concludes with "Cyber-Physical Civil Applications Applications" for:
> Creating efficient energy (supported by great strategists Preston Arnett, Jan Wolfe and Fei Hu);
> Creating cyber-physical systems for smart grid smart applications (supported by great strategists
Matei Rell, Loilim Muirhead and Fei Hu);
> Creating Video in Unmanned Aircraft for Cyber-Physical Systems (supported by great strategists
Meng Cheng Ong, Fei Hu, Yang-Ki Hong, Kenneth Rieks, and Jaber Abu-Qahouq).
3. Conception and realization of mechatronics and cyber-mix mechatronics experimental
models by research infrastructure ECOSIN-MECATRON
 3D cyber-mix-mecatronic System ultraprecise multiaplicative for remote control and
remote monitoring (fig. 1).
 According to figure 1, the matrix structure physical (mixmechatronics) and cybernetical
(IT&C) of the system, enables automation, computerization and remote communication,
intelligent control and monitoring, thereby contributing to raising the quality level and
reducing operating costs specific to the automotive industry.
 The 3D axis system (x, y, z) 1.1 with ultraprecise remote control is ordered by PC with
specific software 1.4 and 1.5 for the realization of measuring function of a part 1.3 with 3D
ultraprecise probe 1.2. The system is protected with lasser protection barrier 1.6 and
communicate with special equipments from the electronic unit 1.7 in PLC 2.1 and Internet
GPRS 4G. This communication connection is linked with remote control center 3 provided
with a computing station 3.2 and 3.3 connected to the router 3.1 and on which specialized
software 3.4 runs.
 In the 3D mode of travel, the cyber-mix-mechatronic system is designed to be operated
locally using a program preinstalled on PC equipped with display and control software and
modeling and emulating remote position. Switching between the two operating modes can
be done anytime and measurement (3D control) points may be stored in the memory
functioning in the automatic PLC mode.
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Thus, all these complex functions may be implemented by integrating several functional
testing and smart subsystems.

Fig. 1
Caption:

1. 3 D cyber-mix-mechatronic system:
1.1 Ultra-precise 3D measuring system /
measuring robot / ultra precise control
robot (x-300mm; y=200mm; z=250mm;
accuracy:0.1-1nm);
1.2 3D ultra precise probe (accuracy: 0.1
nm);
1.3 Control / measurement part;
1.4 PC local host;
1.5 Display and local user interface;
1.6 Laser protection barrier
1.7 Unit with command system, driving
system and telecommunications system;

2. Auxiliary equipments:
2.1
PLC
(Programmable
Logic
Controller);
2.2 Smart controller with software for
communication interface;
2.3 4G communication modem;
3. Industrial BUS;
4. Industrial ETHERNET point;
5. WAN INTERNET CLOUD access;
6. 802,1 lb/g router
7. Control Centre
7.2 PC Display
7.3 PC Remote monitoring software

At the same time, this cyber-mixmecatronic system does not require the continued presence of the
qualified and costly human operator and aims to ensure operating parameters at nominal values,
along with the advantages of cyber technology, such as:
 minimizing operating – troubleshooting time;
 preventive strategies in the operation and maintenance process;
 modularity, flexibility and security.
The 3D multiaplicative cyber-mixmechatronic system, for remote control and monitoring provides
connection of remote process stations to one or more centarl control systems , using various public
or private networks for event-driven take-backs caused by an event or cyclical data processing
performed using special protocols and effectively managed. The cyber-mixmechatronic system
uses one or more software to connect it to the "remote control and monitoring center" based on
modern GPRS technologies and multiple PLCs. The cyber-mixmecatronic system can also do the
teleservice that offers data exchange via the telephone line or via the Internet and Intranet, using
remote equipment and systems such as computers, machines, installations and lines production,
error detection, diagnostics, activity optimization, maintenance, repairs, etc.
Thus, the cyber-mixmecatronic system makes significant contributions to minimizing the cost and
increasing the efficiency and productivity of industrial activities.
The main system servicies consist of:
 remote control - remote control and monitoring of a system;
 remote maintenace, consist of:
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remote monitoring – determining of the status of the system;
remote diagnosis – identifying the causes of malfunction;
remote maintenace – eliminating causes;
acquisition of geometric and mechanical parameters.
 The cyber-mixmechatronic system with remote control and remote monitoring (fig. 2)
 According to figure 2, the physical (mechatronics) and cybernetics (IT&C) matrix structure of
the system, enables automation and computerization of remote processes (telecontrol and
telemonitoring) of the industrial manufacturing line.
 The system performs the function of protecting workstations from human errors specific to
fabrication lines (1.1) in the series in the industry, such as automotive parts in the
manufacturing industry. Parts (1.2) call feature tags with unique ID RFID (1.3) communicating
bi-directionally with a drive (2.4) with automation equipment and telecommunication local but
also a smart bracelet (2.3) situated on the hand of the operator who is using the device (2.2)
equipped with RFID tag and bidirectional communication. Intercommunication between
elements listed (part, device, operator) is collected and transmitted using antennas (2.5) and
(4.1) through the Internet to a (4.2) computing station at the center of remote monitoring and
remote control (4).
 The computer center remote monitoring and remote control (4.2) running special software
designed to synchronize tasks on a database technology and eliminate errors caused by realtime tracking and manufacturing through a comprehensive analysis and forecasts.





Fig. 2
Caption:

1. Industrial
manufacturing line
1.1 Workstation
on the fabrication
line
1.2 Product for
technological
applications
1.3 Unique
identification
system with RFID

2. Human operator with
smart instruments
2.1 Human operator
2.2 Unique identification
system with RFID
2.3 Smart
communication and
warning bracelet
2.4 Unit with system for
data acquisition and
communication
2.5 Antenna
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3. Cyber space
3.1 Internet WAN

4. Remote
control and
remote
monitoring
centre
4.1 Antenna
4.2 PC with
software for
complex
analysis and
decision
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Smart multi-application cyber-mixmechatronic device type industrial robot for remote
control and remote monitoring of operational and service processes (fig.3).
 According to the mentioned figure, the structure of the physical matrix [Mechatronics and
Cybernetics (IT & C)] of the system allows the cybernetization and remote communication of
technological operational processes and of processes that service the industry, thus
contributing to a higher increase in productivity and of quality of smart industrial.
The cyber-mixmechatronic multi-application system performs a remote control and remote
monitoring of an industrial robot (1) connected to the cyberspace via the control unit 1.2 and
the interface 1.3 with both the internal industrial bus (2.1) and Internet via a 4G GPRS modem.
Through this communication connection is made the link to a centre of remote control and
remote monitoring (3) provided with a computing station (3.2) and (3.3) connected to the router
(3.1) and running specialized software for robot control (3.4).

Fig. 3
Caption:

1. Industrial robot
1.1 Universal robotic arm
(with gripper / 3D feeler)
1.2 Interface between the
robot and the informatic
environment
1.3 Command tools

2. Cyber space
2.1 Industrial
communication bus
2.2 Industrial ETHERNET
network
2.3 Programmable PLC with
ROBOT software
2.4 Smart devices for
remote control and remote
communication
2.5 4D GPRS modem
2.6 Internet WAN

3. Center of remote control
and remote monitoring
3.1 Router linking to WAN
Internet
3.2 PC monitor
3.3 Central unit
3.4 UPC with ROBOT
remote control software

 Cyber-mixmechatronic system for dampening for automotives and with remote control
and remote monitoring functions (fig.4).
According to the mentioned figure, the structure of the physical matrix (damper and cybernetics (IT
& C) of the cyber-mixmechatronic system for dampening for automotives allows the smart
computerization and cybernetization of the automotive and of the automotive industry, by raising
the quality and increasing productivity of the automotive industry.
The cyber-mixmechatronic system for dampening for automotives allows the function of remote
monitoring and remote control of a smart damper (1) provided with an electromagnet (1.1)
powered by a high voltage source (1.6) in order to modulate the degree of viscosity of the rheologic
fluid (1.3).
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To obtain information on the global acceleration of the cyber-mechatronic assembly attached to a
tire of a vehicle uses the sensor (1.4) and the interface (1.5) connected to an intelligent control and
remote control equipment (1.7).
Internet wan network connection is performed using a specialized 4g gprs modem (1.9) provided
with an antenna (1.8).
Through this communication connection is made the link to a centre of remote control and remote
monitoring (3) provided with a computing station (3.2) and (3.3) connected to the router (3.1) and
running specialized software for robot control (3.4).

Fig. 4
Caption:

1. Smart cyber mix-mechatronic
system for dampening
1.1 Electromagnet or coil
1.2 Section of a tire
1.3 Rheological fluid
1.4 Acceleration sensor
1.5 Interface between sensor and
acceleration
1.6 High tension source
1.7 Smart remote control device
1.8 4D GPRS modem
Antenna

2. Cyber space
2.1 Internet WAN

3. Centre of remote
control and remote
monitoring
3.1 Router linking
with WAN Internet
3.2 PC monitor
3.3 Central PC unit
3.4 PC with
software for remote
monitoring and
remote control
smart DAMPER

4. Scientific results
The scientific results obtained in the paper are synthesized as follows:
• concepts of virtual models in variants and scenarios for mechatronic and cyber-mechatronic
systems, with applications in industry (eg automobile industry - SC Automobile Renault - Dacia SA
Pitesti, SC Componente Auto SA Topoloveni, SC Comis SRL Valenii de munte etc) in medicine (eg
smart mechatronic technologies for selective sintering with laser beam - Hospitals in Bucharest,
etc.)
• Physical models in original solutions for mechatronic and cyber-mix-mechatronics systems with
industrial applications (eg the fine mechanics and mechatronics industry - Mechatronics and Cyber
- Mix - Mechatronics Laboratory at INCDMTM Bucharest, for measurements, micro and nano
technologies for PhD thesis, from the Doctoral School of Mechanical Engineering and
Mechatronics of UPB and UVT, etc);
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• real parametric values for remote metered and mechatronic systems: telecontrol, telemonitoring,
teleservice and teleconfiguration;
• process validation and mechatronic and cyber-mix-mecatronic system in real industrial
applications.
5. Conclusions
By carrying out this scientific work” Systems and Intelligent mechatronics and cybermixmechatronics ecosystems developed in”ECOSIN-MECATRON”, research infrastructure”, the
author presented:
• the creation and development of a new, specialized 21st century intelligent specialized domain to
ensure the sustainable development of the national and international economy and industry, the
field of Mechatronics and Cyber-Mix-Mechatronics;
• creation and development of new mechatronic and cyber-mixmechronic systems, in original and
multi-purpose applications in many industrial, economic and societal environments;
• substantial contributions to solving the scientific paradigm Mechatronics, MixMecatronics and
Cyber-MixMecatronics;
• Original contributions to research, development and innovation in the intelligent specialized fields
of Mechatronics, MixMecatronics (Integral and Adaptronics) and Cyber-MixMecatronics.
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Abstract: This paper shows the linear-quadratic regulator (LQR) control of coupled-tank system based on
the linearized mathematical model. Although the system is nonlinear, it can be linearized at the operating
points. Therefore, the temperature and level controller is designed via the method, which is applicable in
practical. Also, the control method is known as an optimal control and it has good performance is obtained by
determining some matrices of and designing of control for liquid level and temperature controls.
Keywords: Two tanks, level and temperature control, LQR control, optimal control.

1. Introduction
Liquid tanks which are generally used in industrial facilities have strategic importance because of
significance of storage which are highly important for human life. In the process of industrial
applications, frequently it is essential to may be store up in tanks and transferred to other tanks as
per requirement. It is often necessary to keep the liquid at a certain height or within a certain
range[1]. For industrial applications, liquid-level and temperature are important parameter, and
widely applied in various field, such as, product tank, water tanks, chemical process systems, liquid
storage tanks are important components of lifeline and industrial facilities. The coupled-tank liquid
level and temperature controls are typical representative of process control, are hot research topics
in control field [2]. The coupled-tank liquid-level control system has nonlinear and complex
characteristics, in which the control accuracy is directly affected by system status, system
parameters and the control algorithm [3]. Because of that the Linear Quadratic Regulator (LQR) is
suitable controller for the coupled tank liquid system. LQR is an optimal controller that requires a
state-space linear approximation of the non-linear system but generally has superior performance.
LQR measures all states and produces a plant input as a function. LQR stabilizes the system using
full state feedback [4]. Because of its characteristics, it is also one of the most important
benchmark control problem. The goal of the control is to ensure that the liquid levels in the tanks
are maintained at the desired level during the transfer. The coupled tank control systems are a
multi-input multi output (MIMO) systems, where input is a control voltage and the output is water
level. Tanks have an important place for mixing processes in important industries such as
petrochemical industry, paper industry, water treatment industry. Therefore, the liquid level control
system is noted in the literature. The control of a nonlinear coupled three tank system is dealt, and
the aim is to control the temperature and level of water in tanks by using feedback linearization
method [5]. Fractional Order Proportional Integral (FOPI) controllers along with conventional
feedforward controllers work better than PI/PID/2DOF-PI/3DOF-PI with feedforward controllers in
such situation. FOPI controller is designed using the frequency domain approach. Effectiveness of
the controllers is tested to maintain a constant level in the first tank while making the level of the
second tank to follow a sinusoidal and square wave reference signals. Experimental results
validate the objective of the study [6]. Fuzzy logic control is adopted to liquid tank system which
has three coupled tanks together [7]. An adaptive fuzzy control (AFC) system has been proposed
to realize level control of two coupled water tanks[8]. Real-time experimental and simulation results
with an interval type-II fuzzy logic systems (IT2FLS) are compared with those of a linear quadratic
regulator (LQR) for level control of three-tank hybrid system [9]. An observer-based control design
74

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
has been implemented for a combined four-tank liquid level system [10]. In this paper, LQR control
based on optimal control method is designed for the two tanks system.
2. The Coupled-Tank Process Model
The water tank process model [11] is shown in Figure 1. Tank 1 and Tank 2 are coupled as
shown. Cold water and warm water can be pumped into the left tank via two control input signals
U1 and U2 driving control valves. The flows capacity and the temperatures are Tw, Tc, Qw and Qc,
respectively. The flow between the tanks is Qr and the flow out of the outlet valve of tank 2 is Qb.
The water levels in the Tank 1 and Tank 2 are H1 and H2, respectively, and the tanks have the
same cross-sectional field A. This second valve has the variable opening area Av. Water is rapidly
blended in both tanks, and for this reason, it is assumed that the temperature is constant
throughout the entire volume of the tank. So, the whole volume is homogeneous in terms of
temperature.

Fig. 1. Water Tank System [11]

Two variables can be measured on the system: the liquid level and the temperature of Tank 2. The
measurable variables are as in (1), where kh and kt are transducer gains.

y1  kh H 2

(1)

y2  ktT2

The system equations are as in (2). They are attained from linear equations and therefore they are
linearized near a localized working point by the basic linearization technique [11]. Hence, if the left
sides of the expressions in (2) are equal to zero, the linear equations are obtained at the stationary
operating point. Thus, the linearized state-space equation of the system is as in (3) where ∆x (∆x1,
∆x2, ∆x3, ∆x4) defines ∆H1, ∆H2, ∆T1, ∆T2, ∆u defines ∆u1, ∆u2, and ∆v (∆v1, ∆v2, ∆v3) defines ∆Av,
∆Tw, ∆Tc. The matrices of state-space are as in (5) and (6). In addition, ∆ defines the deviations
from the values of stationary. Thus, states are calculated with including deviations in values of
stationary as in (4) to the states' working points. As for the system parameters; c is heat capacity
of water, ka is the flow coefficient,  is mass density, Dv  Cd 2 g , Ao is the area of orifice, Cd is a
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constant loss coefficient and g is gravitational acceleration. In addition, it is assumed that

H1

H2 .

dx1 1 

ka  u1  u2   C0 x1  x2 
dx A 
dx2  1

  C0 x1  x2  Dv x2 v1 
dx  A

dx3
1

 v2  x3  ka u1   v3  x3  ka u2 
dx Ax1 

(2)

dx4
1

 x3  x4  C0 x1  x2
dx Ax2
 y   0 kh
y 1
 y2   0 0

0 0

0 kt 

The added subscript-zero defines the fix operating points.

x  t   Ax  t   B1w  t   B2 u  t 

(3)

y  t   C x  t 

H1  H10  H1  t 


 2A


 2A
A







(4)
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x10  x20
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0

C0
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 v 10
2 A x10  x20 2 A x20
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 a 20 10
Ax10

0
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A
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0
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0
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0
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,C  

ka  v30  x30 
0 0

Ax10


0

ka
A
0

(5)

0 0
0 kt 

(6)

3. The Controller Design
LQR is an optimal controller that requires a state-space linear approximation of the non-linear
system but generally has superior performance. LQR measures all states and produces a plant
input as a function. LQR stabilizes the system using full state feedback. Suppose that state space
equations of linear time invariant system is;
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x  t   Ax  t   Bu  t 

(7)

y  t   Cx  t   Du  t 

(8)

Performance index of the LQR controller is introduced as follows, where u(t) is input and x(t) is the
state of the system.


J1

2 

x(t) Qx(t)  u(t) Ru(t)dt

(9)

0

J must be minimal in order to achieve an optimal control. Q and R denote the weighting matrix of
the state variable and input variable. An optimal control is dependent on Q and R matrix. However,
there is no common method in tuning those parameters. Usually simulation trial and error method
is used for arranging the correct parameters. However, note that to implement an optimal control
an optimal control input must be found u(t). (9) could be written as (10).


J  J0  1

 u(t)  u (t)  R  u(t)  u (t)  dt
2  

'

0

(10)

0

0

Let P be a symmetric matrix, there exists such relation:


  x (A P PA) x  2 x PBu dt   x(0) Px(0)
'

'

'

(11)

0

By adding and subtracting (11) to (9), (12) is obtained.


J  x(0)' Px(0)    x ' (A 'P  PA  Q) x  u ' Ru  2 x ' (PB N) u dt

(12)

0

Then the optimal control input which minimizes the cost function J is found in (12) by (10) and (11).

u0   R1 ( B' P  N ' ) x

(13)

Moreover, Q and R have significant effect on the system performance, if R is large than a smaller
input will be applied to stabilize the system. Also, if the error in a certain state needs to be small,
the corresponding column of Q needs to be larger. Also keeping Q need and reducing R; results a
decrease in transition time and maximum overshoot and an increase in rise time and steady state
error.

u(t )   Kx(t )

(14)

K  R1 ( B' P  N ')

(15)

The optimal control input is also be found by the help of MATLAB function K =lqr(A,B,Q,R) where K
is the LQR gain of the controller. Where the input is being as in (14).
Accordingly, the obtained controller matrix is given by
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12.206
K =
 11.19

8.5194
7.8927

17.763
-9.5695

12.67 
-6.7384

4. Simulation Results
For the simulation, Matlab-Simulink is used for the system performance analysis. Table 1 shows
that the parameters of the system. According to this, the level and temperature results od second
tank are as in Figure 3 and 4 for the initial conditions ∆H2=0.4m, ∆T2= 3oC. The references are
zero. It means that it is desired that the changes of level and temperature for second tank should
be zero. Figure 3 presents the changing of ∆H2 while Figure 4 presents the changing of output ∆T2.
Regarding the results, the control performance is good response as shown in Figure 2 and Figure
3.
Table 1: The values of parameters for the tank system
The stationary points in the linearization
Av0

Value
0.0122m

Parameters

Value

kh

2 volt/m;

kt

0.1 volt/ C

A

0.785 m

Dv

2.66 m /sec

2

o

Tw0

60 C

Tc0
x10

30 C

o

o

2

x20

2.03m
1.519m

x30=x40

45 C

C0

0.056 m /sec

u10=u20

5volt

ka

0.004 m /volt.sec;

o

Fig. 2. The level of the tank 2
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Fig. 3. The temperature of the tank 2

5. Conclusions
This paper shows that LQR control of two water tanks is fulfilled. The controller is designed via
optimization software. the controller is an optimal control method. The simulation results show that
the controller gives a satisfactory performance according to desired states. The simulation results
prove that the controller performance is very good for level and temperature of tank. Finally, there
is good settling- time and no overshoot for the two water tank system.
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Abstract: The paper presents a short-overview of a distributed monitoring system designed for hydraulic
drives that allows immediate access to system performance measurements, behaviour analysis over time,
and maintaining the hydraulic systems in the most efficient working manner. The monitoring system was
implemented on various applications in industry (metallurgic field), in training equipment for aircraft personal
and in laboratory equipment.
Keywords: Monitoring, process data, programmable controller

1. Introduction
Monitoring hydraulic equipment, respective components, can be achieve in two different ways: a
simple approach that mean simple measures for component monitoring, and an advanced way
based on the methods of signal acquisition and conditioning.
Conceptually, the monitoring system was designed as a distributed system which allows users and
other applications outside it to interact with it in a uniform and coherent manner. The system
components are placed on interconnected processing units, in both hydraulic and informatics
levels, and their actions are communicate and coordinate by messaging. The convenient and
secure online access to system condition allows taking the best decisions regarding system
operation.
The monitoring system functionality is implemented on a programmable controller at hydraulic
level, on computers network at information system level and the software application created is
based on event-driven approach.
2. The monitoring system architecture
The monitoring system is designed for electro-hydraulic drives so the main support for it is a
processing unit placed on hydraulics, that mean electronics, microprocessors, PLCs or process
computers. These process units have implemented both control and monitoring application for
hydraulic drives using.
At the information system level there is a one or more PCs running a software application Operator Console and standard DBMS. The operator console provides data reception from the
hydraulic drive, stores the data in the database, and displays the process data locally in numeric or
graphic form.
2.1 Hardware architecture
The system concept was implemented on various applications and for each one on the hydraulic
level the hardware support chosen was a common PLC (figure no. 1). For the informatics system it
was used a PC running the operator console and one or more PCs running the DBMS. The
process data transmission at the PLC level was ensured by a serial data line: Ethernet, RS485,
and Wi-Fi.
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Fig. 1. Hardware architecture

2.2 Software architecture
The functionality of the monitoring software is provided by three components: first is the monitoring
level running on Programmable Controller, the second component is Operator Console that’s
running on the PC System and the third component is the DBMS. It have to say that this paper
refers only to the first two components mentioned below (figure no. 2).
The monitoring software running at the programmable controller level consists of a program loop
that runs at within 20ms. This allows a monitoring rate of 50 samples/s for each monitored process
quantity. Within these loops are packed the process data that will be transmitted to the operator
console application.

Fig. 2. Software architecture

The operator console software application has a 4-thread parallel execution structure. A thread
executes periodically at 20ms to make a data request to the PLC through the data line. The second
thread is triggered by PLC data reception and its functions is to unpacks the received process
data, prepares data for display (PLC formats in real units), and stores data in a local database in
volatile memory and PC. The third thread executes periodically at a time of 1 second, displays the
process data in numeric or graphical format in the application panel. The fourth thread is executed
periodically at a time interval of 10 seconds copies the data from the temporary database to the
permanent one.
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3. Practical implementation of the monitoring system
3.1 Electrohydraulic system for winding rolled wire
The concept of distributed monitoring system was implemented on various applications in industry,
in training equipment for aircraft personal and in laboratory equipment.
In the metallurgy field the monitoring concept was used on the electrohydraulic system for winding
rolled wire (figure no. 3). This ensures wire stringing on spool coil by coil, by controlling
movements of the debugger head, adapting itself to changes in spool rotational speed; spool
rotational speed is dictated by the rolling process parameters and also the wire load of the spool
that is diameter of the coil being wound[1].
This electrohydraulic system contains a linear axis consisting of a bilateral rod hydraulic cylinder,
on its liner being located the debugger head, controlled with a proportional flow distributor.
Hardware components of the monitoring system contains sensors for monitoring spool rotational
speed and the speed of the debugger head, electronics necessary for interfacing the execution
elements and transducers with the programmable controller ( figure no. 4)
Software components consist of software application that running on PLC and the operator console
and the DBMS. The PLC software implements both the control of the mechatronic system and the
monitoring features. This application has two data communication lines, a serial RS485 line with
MODBUS protocol implemented to connect the PLC with the operator console, and an Ethernet
line, that allows TCP / IP networks connection between the operator console and the company
server where the DBMS was implemented [1].

Fig. 3. Winding roller

Fig. 4. Electric cabinet

The operator console (figure no.5) displays the process data locally in numeric or graphic form and
allows connection with the DBMS to stores the process data in the database. The graphic shown in
figure no. 6 is obtained with DBMS stored data.

Fig. 5. Operator console

Fig. 6. Data process for one coil
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3.2 Electrohydraulic actuation system for Cabin Emergency and Escape Trainer CEET B732
The electro-hydraulic actuation system is used on the Cabin Emergency and Escape Trainer CEET
B732 for the Sea Survival School Tuzla (figure no 7) [3], and also implements the concept of
distributed monitoring system. The monitoring system hardware contains sensors and PLC (figure
no 8) at the and a single PC that contains the operator console and DBMS. Interfaces with data
communication networks, namely the master-slave network implemented on RS485
communication line and the TCP/IP network implemented on Ethernet line. The PLC software
application allows parameterization of the control system and updates both pseudo-analog (Pulse
Width Modulation) and discrete outputs. The arithmetic on PLC is based on 16 and 32 bits words;
for this application the calculus is made only with 16 bits signed words. Taking into account that the
PLC arithmetic operation has only two operands, for the calculus of the error value (one of the
monitored parameter) was used the PLC feature that could execute the program loop in fixed
program execution time (for this application it was used 50ms scan time)[2].

Fig. 7. The Cabin Emergency and Escape Trainer

Fig. 8. Electric cabinet

The electro-hydraulic system has been tested for two command inputs types: for a ramp type and
for a step type and the monitored value was positioning error. In figure no 9 is shown the
experimental results obtained for a ramp type excitation signal (the dashed line) with a 17mm/s
speed value. The positioning error (the continuous line) is 4 mm for a positioning range of 500mm;
this error can be minimized by introducing in program a derivative component of error. In the figure
no 10 is shown the results obtained for a step type input signal. The settling time for a 250mm step
value is 2.5s. In this case introducing in command a derivative component of error would worsen
the system response; respectively the settling time and the overshooting value would increase [2].

Fig. 9. The operator console –
ramp type input signal

Fig. 10. The operator console –
step type input signal
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4. Conclusions
The distributed system for monitoring electrohydraulic drives is designed to be used in various
application in different field form heavy industry to laboratory equipment, and its main advantages
are:
- Changing and adjusting the operating algorithm, for each kind of application, only requires
rewriting software in the PLC, operator console and updating DBMS;
- Due its communication capabilities via Ethernet it can be integrated in a tracking IT system;
- Using new devices coupled to the serial bus, additional functions can be implemented on the
process units, namely new parameters monitoring or control;
- The PLC that implements the monitoring program may be equipped with HMI console (human
machine interface).
- Continuous monitoring allows early detection of potential issues and prevents unnecessary
downtime for unneeded maintenance.
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Abstract: The dynamic analyzes of directional spool valves as well as the employed coefficients is an
objective of great importance for understanding their running performances. The paper presents a synthesis
of the manner in which must be determined for directional spool valves, the working characteristics taking
into consideration the pressure and flow capacity losses. The established relations as well as the realized
analyzes put into evidence most of the elements which must be taken into account for the design, fabrication
and running of those devices.
Keywords: Directional spool valves, impulse hydrodynamic forces, angle, edge.

1. Introduction
By way of operation hydraulic directional valves, no matter how they work, are subject to random
dynamic stress produced by hydrodynamic forces induced by the hydraulic flow regime [1, 3, 4, 8,
15, 16, 17, 18]. Hydrodynamic parameters which influence the stress value are mainly the
pressure, the flow and respectively the speed of the oil through the interstices created between the
spool shoulders and the hole in the valve body. Because the application range is very wide, it is
very important to know the hydrodynamic behavior of valves, depending on the pressure level, the
flow rate, and the type of actuation scheme used [1, 3, 4, 8, 15, 16, 17, 18].
2. Impulse hydrodynamic forces
When passing the fluid through the valve sections as a result of spool displacement with the YS
distance, an impulse force emerges which opposes its movement and seeks to bring it back to its
original position. The hydrodynamic impulse force has two components: a stationary component,
associated with the instantaneous flow through the spool, and a transient component determined
by the transient variation of the flow rate [1, 3, 4, 8, 15, 16, 17, 18].
In Fig.1 is shown the flow distribution into the spool - valve body assembly for two YS positions
(openings) made between the shoulder of the spool and the hole in the valve body, which lead to
different passage angles through the annular space of the spool valve.
For spools with straight edges and for certain values of the ratio

YS
(Fig.2), Von Misses sets the
J

values of the angles under which the jet enters or exits relative the axis of the valve, for  = 21 69. For  = 21...45, the ratio is 0 <

YS
<1.0, respectively YS = J, for  = 45 (Fig.1). The
J
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deduction is based on the impulse theorem applied for a non-stationary flow in the annular control
volume of the axial section “abcdef” (Fig.2) in the form:



d
(M s Ys ) =  Fe

dt

(1)

which becomes:



F

ρ
Y
 e   s dQ 
cd


ρ
Y
  s dQ 
ab


 )
 (ρY
 dt s dWd
abcdef

(2)

where: Wd - the volume element in the ring zone of the spool.

Fig.1

From the point of view of the power required for the displacement of the spool, it is useful to know
only the axial component of the hydrodynamic impulse force on the hydraulic spool. For this
purpose, equation (2) is projected along the axis of symmetry of the spool (OX axis), the radial
forces being canceled due to axial symmetry. Thus, we obtain the force with which the liquid acts
on the spool (in two hypotheses) (Fig.2, correlated with Fig.1):

Fig. 2. Highlighting hydrodynamic forces in the spool - valve assembly

a) the fluid inlet is done from i to e, at the control edge of the spool:
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 Q cos    Y
 Q cos    L dQ
Fhax   Y
s2
e
s1
i
ie
dt
where to: e  2  90  ;

i  1  180o ;

(3)

cos θ 2  0

cos i  cos(1  180o )   cos θ1

we will have:

 cos θ  ρ L dQ
Fhax  ρ Q Y
s1
1
ie
dt

(4)

b) the fluid inlet is done from e to i, at the control edge of the spool:

 Q cos θ  ρ Y
 Q cos θ  ρ L dQ
Fhax  ρ Y
s1
e
s2
i
ie
dt

(5)

where to: θe  θ 1 ; θi  θ2  180  270 ; cos θi  0 we will have:

 Q cos θ  ρ L dQ
Fhax  ρ Y
s1
1
ie
dt

(6)

In both cases, the stationary component of the hydrodynamic impulse force has the same value
and acts in the direction of closure of the wiper slot. The angle 1 depends on the size of the radial
play and the ratio

YS
and varies within the limits  = 0... 69 (Fig.1). Considering that the valve is
J

working on a pressure p = const., we will have:

  C 2 p
Y
s1
v
ρ

(7)

From [1] it follows:

Q  Cd π Ds Ys

2 Δp
ρ

(8)

from which, the stationary component of the axial hydrodynamic force, Fhaxs, under the conditions
of constant pressure operation, becomes:

 cos θ  2 C C π D Y Δp cos θ  K Y
Fhaxs  ρ Q Y
s1
1
d
v
s s
1
hp
s

(9)

respectively

 cos   B Q p
Fhaxs   Q Y
S1
1
F

(10)

where different forms of the hydrodynamic force coefficients are presented in the expressions (9)
and (10).
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Fig.3

Under constant flow operation regime, we will have:

Fhaxs

ρ Q 2 cos θ1
1

 K hq
C d π D s Ys
Ys

(11)

Here we noted: Cd, Cv - flow and speed coefficients (Cd = 0.61 – 0.7; Cv = 0.95 – 0.98); Khp, Khq,

B F  2  cos 1 - coefficients of axial hydrodynamic forces. In the general case, for nm circuits
that pass through the valve, relations coeficienţii forţelor hidrodinamice axiale (9, 10) become:

Fhaxs  2 n m C d C v π Ds YS Δp cos θ1
Fhaxs 

ρ n m Q 2 cos θ1
C d π D s Ys

(12)
(13)

For the real situation, where the radial play is also considered, the hydrodynamic force becomes
(Fig.2):

Fhaxs  2 n m C d C v π D s p Ys2  J 2 cos θ1
π
 π  θ1 
sin θ1  ln tg
cos θ1
Ys
2
2 


J
 π  θ1 
π
1 + cos θ1  ln tg
 sin θ1
2
2 


(14)

1+

where:

(15)

The relations (9 ... 14) show that in the case of feeding a hydraulic resistance (specific to the spool
- body valve assembly) at constant pressure (Fig.4c), the hydrodynamic force Fhaxs increases with
the YS, opening up to the saturation of the source, until all the flow provided by the pump passes
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by resistance, which causes the safety valve to be closed and as result the constant feeding
pressure condition to be canceled (Fig.4b).
The stationary component Fhaxs of the axial hydrodynamic force on the spool always tends to
close the slot of the throttle and is calculated with the same relation regardless the location of the
hydraulic spool control edge.
The relations (9 ... 14) show that in the case of feeding a hydraulic resistance at constant flow
(Fig.4d), the hydrodynamic force Fhaxs increases with the decrease of YS opening up to the
saturation of the source, when the safety valve opens and a part of the pump flow is discharge to
the tank, thus canceling the feeding condition at constant flow (Fig.4a).
Therefore, at reaching the saturation limits, a hydraulic resistance feeded at constant pressure
passes into a steady flow feed and vice versa.
The values of the stationary hydrodynamic force component, calculated with relations (9 ... 14) for
a DN 10 distributor, are shown in Figures 4a and b. For small openings, the curves can be
approximated by straight lines. For the larger YS openings, the impulse hydrodynamic force
decreases because the pressure p on the control edge becomes smaller.

a) under constant flow regime;

b) under constant pressure regime
Fig.4

c)
d)
Fig.4

The compensation of hydrodynamic forces can be achieved by:
 properly fitting of the spool and of the valve body (Fig.5). The hydrodynamic force becomes:


 cos θ  ρ Q Y cos θ  ρ Q Y
 1  Ys 2 cos θ 2 
Fhaxs  ρ Q  Y

s1
1
s2
2
s1 

 Ys1 cos θ1 
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Fig.5.a. The effect of the fluid flow on the hydrodynamic force for the inlet and outlet edge

Fig.5.b. The influence of spool angle in the flow area on the impulse hydrodynamic forces

The data from Figures 5a and b suggest that by selecting the contour of the spool the constructor
has the possibility to control the hydrodynamic forces on the spool both in size and direction, but
within certain limits. This is also possible by further processing of the spool shoulders, which will
lead to a corresponding adjustment of the hydrodynamic forces for the inlet and outlet edges.
Typical output angle is 1  69. The lower values of 1 slightly influence the hydrodynamic force,
having a more pronounced effect at the large openings of the spool. Biger angular values for 1 will
lead to detachment of the flow within the valve and high pressure losses due to direction changes,
which require lower angle values for 2. This method is an effective means of compensation,
although it is not possible to define an optimal profile of the spool or valve body.
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Fig.5.c. The compensation of hydrodynamic force on a flow edge through a conical shoulder
in the spool chamber

Fig. 6
The method of jet deviation at inlet and outlet spool edges aims to compensate the axial
component of the impulse hydrodynamic forces caused by the inlet jet by means of the flow at the
outlet, or vice versa, which is done by the geometry of the spool shoulders. The jet in the hydraulic
resistance (Fig.5) breaks a little in the spool chamber, which, at angles  > 600, allows for good
compensation.
Experimentally, it has been demonstrated that a sufficient reduction of hydrodynamic forces can be
achieved for different geometries of the spool - valve body assembly (Fig.5.b). By concentrating
the fluid flow near the spool rod, the desired flow of the current is possible with relatively small
shoulders of the spool.
The combination of channel bushing and spool with an additional 30 ° angle in the outlet area leds
at the action of the force in the direction of opening the spool (induced impuls hydrodynamic force)
(Fig.5.c). The insertion of a double conic threshold allows the use of the inertia force of the "sticky"
jet to divert it, providing a sufficient flow section to the tank (Fig.6).
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Fig. 7

Fig. 8

The corresponding profiling of both the spool and the valve body, Figs. 7-8, has the effect of
reducing axial hydrodynamic forces but is technologically high in complexity. For this case, the
resulting force will have the value:

 ρ( cos θ  cos θ )
Fhd ax = Q Y
S
1
2

(17)

According to this relation if cos θ 2 > cos θ1 , the axial hydrodynamic force becomes negative,
provide a positive effect on the spool control system, i.e. it tends to move the spool in the direction
of the opening of the adjustment section (participates in the opening or closing of the spool).
Increasing the angle 1 can be done by means of a bevelled edge on the spool (Fig.6). As the
angle tends to values 1 > 69, the axial component of the hydrodynamic force acts in the radial
direction, leading to its compensation, ie the value of the hydrodynamic force tends to zero (Fig.9).

Fig. 9

The compensation of the impulse hydrodynamic forces by changing the angle of the jet or the
resistance force is achieved by dividing the total section of the current into several partial sections,
which will operate in succession (Fig.10.a). This solution leads to large spool strokes and nonlinear
features, plus: the high cost price and the phenomenon of clogging. At a high amplifier coefficient
of the valve, limited compensation is achieved (Fig.10.a).
The introduction of a hydraulic resistance force (Fig.10.b), by creating a pressure drop compared
to the first solution, that of the corresponding profiling of the spool and the valve body, highlights
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that the first method (Fig.10.a) is more efficient. The pressure loss that occurs by the insertion of
an additional step on the spool shoulder (Fig.11) is due to the discontinuous section enlargements
(determined with the Borda-Carnot relations) and the friction on the spool and bush walls. This
solution results in an increase of impulse hydrodynamic force compensation and is usually only
used to reduce the impulse hydrodynamic forces for the input edge.

a)
b)
Fig. 10. Influence of jet angle and resistance force
a) methods of compensating the impulse hydrodynamic forces
b) fluid recirculation on the spool shoulders.

Fig. 11

Fig. 12
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Another component of the hydrodynamic forces is the transient one, caused by the instability of the
stationary flow regime, the transient regime or the resonance phenomenon. Flow instability occurs
when passing from one flow regime to another, accompanied by transient phenomena.
In hydraulic installations, although changes in flow conditions occur rapidly, the instability is
manifested at a low intensity, except when overlapping other causes. The phenomenon becomes
important if the frequency of the transient phenomena is equal to that of the spool, in which case
the resonance phenomenon appears. Flow instability may occur when the fluid jet flows directly
into a larger chamber, the transient regime being given by the transient components of the
hydrodynamic forces.
The transient component Fhaxtr of the impulse hydrodynamic force is associated with the fluid
inertia in the annular space of the control volume, due to fluid acceleration in the spool chamber
and is given by:

Fhaxtr   L ie


dYS
dQ
  dp 
  Lie Cd  Ds  2  p



dt
dt
2p  dt 


(18)

This component is oriented opposite to the flow direction of the fluid. The term representing the
travel speed of the spool is important because it influences the speed of the movement, decreasing
it in the case of “a”, and increasing it in case “b”. Under conditions of constant pressure, the
second term can be neglected. Where from:


 =K Y
Fhaxtr  Lie Cd  Cd 2  p Y
htr s
s

(19)

We can express the hydrodynamic force in the form:


Fhax  (K hst  K htr )Y
S

(20)

the sign (+) being for the case of the active edge set at the exit, and the sign (-) corresponds to the
inlet location of the control edge.
From the above, it results that the static component of the hydrodynamic force is independent of
the flow direction of the fluid through the adjustment section, and the transient component is
dependent on the direction of the resistance flow through the fluid. If the Khtr coefficient is positive
(Fig.13.a), the damping is positive, the spool is in static equilibrium, and if it is negative (Fig.13.b),
the damping is negative and the spool enters a static imbalance. To improve the static balance
condition of the spool, it is necessary to have the positive damping lengths greater than the
negative lengths.

a)

b)
Fig. 13

Fhaxs
is negligible in relation to the stationary hydrodynamic force, it can
30
 Fhaxs . However, for high pressure ( po  10 MPa), hydrodynamic forces

As the component Fhaxtr 
be approximated Fhax
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can become important in both stationary and transient modes, and therefore it is necessary to
compensate them.
If the hydraulic spool has several active edges, the hydrodynamic forces result from summing the
forces associated with all the active edges. At the same time, when calculating the final
hydrodynamic force at the hydraulic spool, all the forces associated with the control edges,
components that tend to close the respective throttle slots, will be considered.
3. Conclusions
Hydrodynamic forces play an important role in the optimal operation of directional spool valves. An
important role is played by the stationary component, which depends on the geometry of the edges
of the spool and of the valve body bush, influencing the inlet and outlet flow of the liquid jet.
When the flowing passes from one regime to another, the transient component of the
hydrodynamic force becomes important.
Hydrodynamic forces become important for a pressure greater than 10 MPa, in both stationary and
transient mode, when compensation is required.
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Abstract: To accurately control process temperature without extensive operator involvement, a temperature
control system relies upon a controller, which accepts a temperature sensor such as a thermocouple or RTD
as input. It compares the actual temperature to the desired control temperature, or setpoint, and provides an
output to a control element. The controller is one part of the entire control system, and the whole system
should be analyzed in selecting the proper controller.
Keywords: Temperature, controller

1. Introduction
The following items should be considered when selecting a controller:
1. Type of input sensor (thermocouple, RTD) and temperature range
2. Type of output required (electromechanical relay, SSR, analog output)
3. Control algorithm needed (on/off, proportional, PID)
4. Number and type of outputs (heat, cool, alarm, limit)
There are three basic types of controllers: on-off, proportional and PID. Depending upon the
system to be controlled, the operator will be able to use one type or another to control the
process.[1][2]
2. On/Off Controllers
An on-off controller is the simplest form of temperature control device. The output from the device
is either on or off, with no middle state. An on-off controller will switch the output only when the
temperature crosses the setpoint. For heating control, the output is on when the temperature is
below the setpoint, and off above setpoint. Since the temperature crosses the setpoint to change
the output state, the process temperature will be cycling continually, going from below setpoint to
above, and back below. In cases where this cycling occurs rapidly, and to prevent damage to
contactors and valves, an on-off differential, or “hysteresis“ is added to the controller operations.
This differential requires that the temperature exceed setpoint by a certain amount before the
output will turn off or on again. On-off differential prevents the output from “chattering” (that is,
engaging in fast, continual switching if the temperature’s cycling above and below the setpoint
occurs very rapidly). On-off control is usually used where a precise control is not necessary, in
systems which cannot handle the energy’s being turned on and off frequently, where the mass of
the system is so great that temperatures change extremely slowly, or for a temperature alarm. One
special type of on-off control used for alarm is a limit controller. This controller uses a latching
relay, which must be manually reset, and is used to shut down a process when a certain
temperature is reached.
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Fig. 1. On/off temperature control action

3. Proportional Controllers
Proportional controls are designed to eliminate the cycling associated with on-off control. A
proportional controller decreases the average power being supplied to the heater as the
temperature approaches setpoint. This has the effect of slowing down the heater, so that it will not
overshoot the setpoint but will approach the setpoint and maintain a stable temperature. This
proportioning action can be accomplished by turning the output on and off for short intervals. This
“time proportioning” varies the ratio of ‘on’ time to ‘off’ time to control the temperature. The
proportioning action occurs within a “proportional band” around the setpoint temperature. Outside
this band, the controller functions as an on-off unit, with the output either fully on (below the band)
or fully off (above the band). However, within the band, the output is turned on and off in the ratio
of the measurement difference from the setpoint. At the setpoint (the midpoint of the proportional
band), the output on:off ratio is 1:1; that is, the on-time and off-time are equal. If the temperature is
further from the setpoint, the on- and off-times vary in proportion to the temperature difference. If
the temperature is below setpoint, the output will be on longer; if the temperature is too high, the
output will be off longer. The proportional band is usually expressed as a percent of full scale, or
degrees. It may also be referred to as gain, which is the reciprocal of the band. Note, that in time
proportioning control, full power is applied to the heater, but is cycled on and off, so the average
time is varied. In most units, the cycle time and/or proportional band are adjustable, so that the
controller may better match a particular process. In addition to electromechanical and solid state
relay outputs, proportional controllers are also available with proportional analog outputs, such as 4
to 20 mA or 0 to 5 V DC. With these outputs, the actual output level is varied, rather than the on
and off times, as with a relay output controller. One of the advantages of proportional control is
simplicity of operation. It may require an operator to make a small adjustment (manual reset) to
bring the temperature to setpoint on initial startup, or if the process conditions change significantly.
Systems that are subject to wide temperature cycling will also need proportional controllers.
Depending upon the process and the precision required, either a simple proportional control or one
with PID may be required. Processes with long time lags and large maximum rate of rise (e.g., a
heat exchanger), require wide proportional bands to eliminate oscillation. The wide band can result
in large offsets with changes in the load. To eliminate these offsets, automatic reset (integral) can
be used. Derivative (rate) action can be used on processes with long time delays, to speed
recovery after a process disturbance.
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Fig. 2. Time proportioning at 75% output level

There are also other features to consider when selecting a controller. These include auto- or self
tuning, where the instrument will automatically calculate the proper proportional band, rate and
reset values for precise control; serial communications, where the unit can “talk” to a host
computer for data storage, analysis, and tuning; alarms, that can be latching (manual reset) or nonlatching (automatic reset), set to trigger on high or low process temperatures or if a deviation from
setpoint is observed; timers/event indicators which can mark elapsed time or the end/beginning of
an event. In addition, relay or triac output units can be used with external switches, such as SSR
solid state relays or magnetic contactors, in order to switch large loads up to 75 A.
4. PID Controllers
The third controller type provides proportional with integral and derivative control, or PID. This
controller combines proportional control with two additional adjustments, which helps the unit
automatically compensate for changes in the system. These adjustments, integral and derivative,
are expresse in time-based units; they are also referred to by their reciprocals, RESET and RATE,
respectively. The proportional, integral and derivative terms must be individually adjusted or
“tuned” to a particular system, using a “trial and error” method. It provides the most accurate and
stable control of the three controller types, and is best used in systems which have a relatively
small mass, those which react quickly to changes in energy added to the process. It is
recommended in systems where the load changes often, and the controller is expected to
compensate automatically due to frequent changes in setpoint, the amount of energy available, or
the mass to be controlled.

Fig. 3. Process with temperature offset

Rate and reset are methods used by controllers to compensate for offsets and shifts in
temperature. When using a proportional controller, it is very rare that the heat input to maintain the
setpoint temperature will be 50%; the temperature will either increase or decrease from the
setpoint, until a stable temperature is obtained. The difference between this stable temperature
and the setpoint is called offset. This offset can be compensated for manually or automatically.
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Using manual reset, the user will shift the proportional band so that the process will stabilize at the
setpoint temperature. Automatic reset, also known as integral, will integrate the deviation signal
with respect to time, and the integral is summed with the deviation signal to shift the proportional
band. The output power is thus automatically increased or decreased to bring the process
temperature back to setpoint, The rate or derivative function provides the controller with the ability
to shift the proportional band, to compensate for rapidly changing temperature. The amount of shift
is proportional to the rate of temperature change. A PID, or three-mode controller, combines the
proportional, integral (reset) and derivative (rate) actions, and is usually required to control difficult
processes. These controllers can also be made with two proportional outputs, one for heating and
another for cooling. This type of controller is required for processes which may require heat to start
up, but then generate excess heat at some time during operation.
5. Controller output hardware
The output from the controller may take one of several forms. The most common forms are time
proportional and analog proportional. A time proportional output applies power to the load for a
percentage of a fixed cycle time. For example, with a 10 second cycle time, if the controller output
were set for 60%, the relay would be energized (closed, power applied) for 6 seconds, and deenergized (open, no power applied) for 4 seconds. Time proportional outputs are available in three
different forms: electromechanical relay, triac or ac solid state relay, or a dc voltage pulse (to drive
an external solid state relay). The electromechanical relay is generally the most economical type,
and is usually chosen on systems with cycle times greater than 10 seconds, and relatively small
loads. An ac solid state relay or dc voltage pulse are chosen for reliability, since they contain no
moving parts. Recommended for processes requiring short cycle times, they need an additional
relay, external to the controller, to handle the typical load required by a heating element. These
external solid state relays are usually used with an ac control signal for ac solid state relay output
controllers, or with a dc control signal for dc voltage pulse output controllers. An analog
proportional output is usually an analog voltage (0 to 5 Vdc) or current (4 to 20 mA). The output
level from this output type is also set by the controller; if the output were set at 60%, the output
level would be 60% of 5 V, or 3 V. With a 4 to 20 mA output (a 16 mA span), 60% is equal to (0.6 x
16) + 4, or 13.6 mA. These controllers are usually used with proportioning valves or power
controllers.
6. Conclusions
When you choose a controller, the main considerations include the precision of control that is
necessary, and how difficult the process is to control. For easiest tuning and lowest initial cost, the
simplest controller which will produce the desired results should be selected. Simple processes
with a well matched heater (not over- or undersized) and without rapid cycling can possibly use onoff controllers. For those systems subject to cycling, or with an unmatched heater (either over- or
undersized), a proportional controller is needed.
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Abstract: Thermal energy storage using phase change materials is an important step in solving the frequent
problems of heat supply only at times when it is necessary. The paper presents the importance, advantages
and applicability areas of latent heat storage units using phase change materials and also information to
design heat storage units with this type of substances, consisting of a mixture of saturated hydrocarbons,
such as paraffin. Using such a heat storage unit is very profitable because the dimensions are much smaller
than a classic one (water) and the heat is stored for a longer period of time, the temperature maintains
constant until the whole process of phase change is totally finished.
Keywords: Thermal energy accumulator, phase change material, hybrid heating.

1. Introduction
Transforming solar energy into heat is the most environmentally friendly and economical solution of
renewable energy sources (the potential is 60,106 GJ annually). Although, solar thermal
installations, have a high energy conversion rate, due to intermittent (periodic) operation,
geographic and weather conditions, are generally integrated with other sources of heat (natural
gas, liquid or solid fuels, biomass or geothermal) in hybrid systems. The energy that can be
obtained on a collector surface of 1 m2 varies greatly, in Romania, on a sunny day, the average
sunshine can reach approx. 1000 W/m2. (source: ANM, ICEMERG)
There is a constant mismatch between supply and demand for thermal energy produced from
renewable energy sources; the problem is not the lack of energy, but finding solutions to supply a
sufficient amount of energy, in a usable form, when and where it is needed.
2. Thermal accumulator
Thermal energy storage is an important step in solving the frequent heat supply problems
regardless the heat load variation to consumers (heating or domestic hot water preparation). The
thermal energy, received from the solar collectors, is currently stored in systems with hot water
tank supplied also by other heating systems. The operating principle of a thermal accumulator is
the same of a heat exchanger. The storage agent takes the thermal energy from the heating
system (solid fuel boilers, gas boilers, heat pumps, solar panels, etc.) through thermal agent, when
the heating system supplies a higher amount of energy than is necessary at that time. The heat
accumulator stores the heat in the mass of the storage agent and then delivers it as needed,
providing users extra comfort. [1], [2], [3]
In the case of domestic hot water obtained from thermal solar panels, the storage capacity is
between 13 and 15 liters of water per 1 m2 of radiant surface. If solar energy is also used as
contributor to rooms heating, the storage tanks are cylindrical without an internal heat exchanger
(tank in tank) with a larger volume than domestic hot water boilers (about 1000-3000 liters), called
puffer tanks for heating. [3], [4]
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Fig. 1. Scheme of a thermal solar collector with accumulator

Fig. 2. Hybrid heating system

Taking into account the data obtained from the literature, the thermal solar installations can cover
the needs of Domestic Hot Water, considering that a solar thermal panel with the area of 2 sqm
provides the necessary for 2 persons, under medium comfort (50 liters of DHW / person / day). The
correct sizing of a combined storage facility can fully cover the need for DHW, at least in the warm
season (April to September). [3], [4]
The most common heat storage medium is water, due to high specific heat and high density. In
order to reduce the volume occupied by the thermal accumulators and to increase the amount of
stored heat, two-phase substances can be used. Phase change materials, change their aggregate
state when they receive or dissipate heat, but without changing the temperature throughout the
phase change process, they can store up to 5-14 times more heat per unit volume than
conventional ones. Thus, for 1 m2 of energy storage area, a volume of 1-3 l of storage agent would
be needed compared to 13-15 l for water. [1], [2], [3], [4]
To accumulate and release the required amount of energy, these systems depend basically on the
temperature, the latent heat of phase change, of the storage agent.
Phase change substances may be organic (paraffins, esters, glycols) or anorganic salts (salt
hydrates and metals class) and, depending on their chemical composition, have different energy
storage properties.
The operating principle of paraffin accumulators is similar to the classical ones, so the thermal
storage medium, the paraffin, being in solid state, takes the heat from the heating system (solid
fuel boilers, gas boilers, heat pumps, systems with solar panels etc.) through heating agent, and
starts to melt (phase change). Throughout the melting process, the wax takes heat from the
heating agent, but the temperature remains constant (approx. 60oC – paraffin melting point). After
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the melting process has ended, i.e., when the total amount of paraffin in the solid state has
completely turned into liquid state, it is overheated to the temperature at which the heat exchange
of these agents is greatest. The thermal agent circulating in the heating or/and domestic hot water
system, takes over this heat and distributes it to consumers as needed. Thus the process will
reverse (from liquid to solid state), but the heat transfer and phase exchanges will be the same. [2]
3. Comparative analysis of water and phase change accumulators
Considering that the useful temperature of 50°C of the heating agent is sufficient for domestic hot
water and for rooms heating, it was made a calculation for the energy demand, so that water yields
the same energy value as if paraffin was used and cooled by at 80°C to 50°C, (see equation 1. The calculation of the amount of energy required to heat the accumulator media from 20 to 80oC.)
Qaccum= mmedia ∙ cp-media ∙ ∆T [kJ]

(1)

where: mmedia – the mass of accumulator media; cp-media – specific heat, 4180 [J/kg∙K] for water and
4324 [J/kg∙K] for paraffin at 20 [oC]; ∆T – temperature difference.
The graph below shows a comparison of thermal energy storage properties for water (green) and
technical paraffin (blue).

Fig. 3. Comparison of thermal energy storage for water and paraffin

In the graph bellow, the blue curve represents the energy requirements to heat the paraffin from
ambient temperature of 20 ºC to a temperature of 80 ºC. The green curve shows that if water is
used as a storage medium for the same temperature difference (20 °C to 80 °C), receiving the
same amount of heat (5.1 kWh), the mass of the storage medium is higher with about 100%.
Comparing the two curves (blue and green) in the situation where the storage agent gives up the
heat to the primary agent (from the heating installation) it is found that in the case of the phase
change accumulator the temperature is higher for the same amount of energy consumed as
compared to a conventional thermal accumulator. The red curve was drawn to highlight that to cool
the storage medium from 80 ºC to 50 ºC, using the same amount of energy, the mass in the case
of water is about 100% higher. (see equation 1). This also results in the fact that for the previously
obtained storage tank (water), a double amount of energy is needed to heat it from 20 °C to 80 °C.
In order to develop such products, it is recommended, to perform CFD numerical analysis, which
facilitates proper sizing of the thermal accumulator for concrete applications and after the
numerical models have to be validated through practical experiments [5], [6]. Regarding the flow of
thermal agents, modern solutions described in [7], [8], [9], as well as monitoring the functional
parameters.
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Fig. 4. Comparison of energy requirements to heat 60 ºC for water and paraffin

4. Conclusions and discussions
The volume of national and international researches in the field of renewable energies is
increasing, and penetration with new ideas can create important collaboration opportunities.
The accumulators analyzed within the paper, have significant market potential, contributing to the
exploitation of renewable energies, a field in which Romania has a very high potential, but with few
exceptions, untapped. The lack of exploitation is also due to the lack of products tailored to the
purchasing power of the beneficiaries.
The analyzed accumulators are addressed to small users, individual households; the solutions in
principle allow them to be adapted for the design of various size installations, thus covering a wide
range of demands. Apart from the individual users, the facilities are also useful for various
institutions, commercial spaces, offices. The contribution, of this type of products, to increase the
quality of users' lives is significant, as products contribute to lowering the costs of heating.
This type of products can be manufactured by many well-equipped national enterprises, which are
currently struggling to create a main or secondary development.
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Abstract: The cluster of excellence “Tailor-Made Fuels from Biomass” at RWTH Aachen University is
identifying and investigating new potential biofuel candidates. Fuel candidates developed in this process
greatly vary in rheological and hydrodynamic properties. One of the most important properties is the fluid
viscosity. Low viscosities increase volumetric losses, friction and wear in the fuel pump, therefore lowering
the overall efficiency. An optimization of the tribological contacts inside the pump is essential to ensure a
sufficient performance. One of the most important tribological pairings is the piston-bushing contact which
has a crucial impact on the leakage. A possibility to decrease this leakage is the hollow piston design
developed for common-rail pumps. In common-rail injection pumps a reduced gap height can increase the
volumetric efficiency by approximately 40% at 120 MPa injection pressure. In this paper, a first attempt is
performed to transfer this specific hollow piston into hydraulic pumps. Thereby a possible application
preferably operates at low viscosity and high bulk moduli. Relatively low volumetric efficiencies indicate
hidden potential. Both of these cases can be found in water hydraulics. With a maximum pressure of 32 MPa
radial piston units commonly operate at 25 % of the common rail system´s pressure level. Investigating
possible applications of the hollow piston principle for water hydraulics, various potential piston geometries of
a radial piston unit are simulated using FEM analysis. In order to ensure an optimal geometry, geometrical
approaches are discussed and applied to the hollow piston as well as simulated with a Matlab model using
the Reynolds equation regarding the resulting leakage and potential increase in volumetric efficiency.
Keywords: Pump, Piston, Common-Rail, Water Hydraulics

1. Introduction
Within the cluster Tailor-Made Fuels from Biomass, new potential biofuel candidates are
investigated and identified for a more sustainable fuel economy and lower global emissions. The
primary goal is to find alternatives to current gasoline and diesel fuels. Therefore, the research
focuses on two main areas of interest: Production and propulsion. The production side
concentrates on finding new potential molecules as well as synthesis-processes for industry scale
production, whereas the propulsion group focusses on the performance of the fuel candidates
inside the combustion system with the main attention towards fuel compatibility with the current
diesel and gasoline system.
In order to reduce emissions, the spray behaviour of the fuel during the injection phase plays a vital
role. Here, a fast primary breakup of the fuel jet is highly important for a good atomization and
homogeneous spray distribution, resulting in a combustion with lower soot emissions. One of the
defining fuel characteristics for primary breakup is viscosity. Lower viscosity values tend to have a
positive effect on the spray behaviour.
A promising molecule to act as a replacement fuel to diesel is di-n-butyl-ether (DnBE). Fig. 1a)
shows the kinematic viscosity of DnBE in comparison to the standard hydraulic oil HLP46 and
water over temperature [1]. With a viscosity value close to water, DnBE performs well in engine tests. In order to provide the engine with enough fuel, the injection pump needs to deliver fuel at
elevated pressures of up to 300 MPa when looking at compression ignition (CI). Here, the low
viscosity of DnBE causes high leakage rates and low volumetric efficiencies, see Fig. 1b) [2].
Lower volumetric efficiencies and higher leakage rates would cause the need to use a bigger pump
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in order to supply enough fuel. Especially in the automotive sector, an increase in size is hardly
possible. Therefore, alternative ways to reduce leakage have to be investigated.
a)

b)

Fig. 1. a) Kinemtatic viscosity over temperature for Water, DnBE and HLP46; b) Volumetric efficiency of the
BOSCH CP1 common-rail pump using DnBE

1.1 Hollow pistons in CI injection pumps
In todays common-rail injection systems, the components are developed and optimized for diesel
fuel. This ensures an optimal overall system efficiency. Using different molecules with the same
components can lead to reduced engine performance. In order to minimize necessary changes to
the current engine design, every system component was investigated separately regarding its´
performance. High volumetric losses inside the injection pump made an adaption of the pump
towards new fuel candidates essential. Due to high injection pressures of up to 300 MPa, material
deformations play a major role for pump performance. Fig. 2 shows the deformation of a standard
piston of a Bosch CP1 radial piston common-rail pump during operation at 135 MPa. At initial state,
the gap height of the sealing gap is approximately 3 µm. On the left, the gap height between the
piston and the bushing over the crankshaft-angle is shown. During the compression stroke, the
pressure level rises, causing the piston to shrink, increasing the sealing gap between piston and
bushing, ultimately resulting in a high leakage-rate.

z
x

Fig. 2. Deformation of a standard piston inside a common-rail pump at 135 MPa

To reduce high volumetric losses of the injection pump, the hollow piston concept was proposed
[3]. Here, the piston is hollow in the middle, see Fig. 3. The pressure within the piston equals the
rail-pressure, causing a pressure difference between the piston inside and the sealing gap. The
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resulting deformation leads to an expansion of the piston diameter towards the bushing, see Fig. 3
right. The expansion results in a reduced gap height and therefore reduced leakage rate during the
compression stroke, see Fig. 3 left in comparison with Fig. 2 left.

z
x

Fig. 3. Deformation of the hollow piston inside a common-rail pump at 135 MPa

The improvement of pump performance with hollow pistons of an exemplary design compared to
standard pistons can be seen in Fig. 4. At 120 MPa, an increase in volumetric efficiency of up to
40 % compared to the standard piston was measured using DnBE [4].

Fig. 4. Comparison of volumetric efficiencies of the standard piston (SP) and the hollow piston (HP)

1.2 Radial piston pumps in water hydraulics
The principle of radial piston pumps can also be found in water hydraulics. One advantage of radial
piston pumps compared to axial piston pumps are the reduced lateral forces on the pistons.
Therefore, the tendency towards an eccentricity between piston and bushing is reduced, increasing
overall efficiency by reducing friction and leakage. Fig. 5 shows a cross-section of a Hauhinco RKP
radial piston pump on the left [5]. The RKP pump series is check valve controlled with five or seven
pistons. An eccentric drive-shaft rotates, causing the pistons to move up and down, compressing
the fluid. Using high-grade steel, a separate lubrication system is avoided, with water being the
lubricant. The sealing between piston and bushing is ensured through a sealing gap with no
additional sealing elements. As a result, the geometric parameters of the piston-bushing contact
are highly relevant, especially for volumetric losses. The right side of Fig. 5 shows a static
performance diagram of a radial piston unit with a piston diameter of 30 mm. Volumetric losses
cause a decrease of effective flowrate of up to 25 l/min translating into 13.3 kW additional power
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needed. Leakage between piston and bushing does account for parts of these losses as well as
leakage through valves and housing.

Fig. 5. Cross-section of a Hauhinco radial piston pump (left) and static performance diagram for a piston
diameter of 30 mm (right) [5]

Another prominent pump principle used in water hydraulics is the axial piston pump, shown in
Fig. 6 [5]. Here, hollow pistons are already in use, see enlargement of Fig. 6. The purpose of these
pistons is a different one, though. With water being a relatively stiff fluid, hollow pistons increase
the compression volume inside the piston chamber, therefore enhancing the controllability of the
pump. Additionally, hollow pistons reduce the inertia, ensuring a more agile pump performance.

Fig. 6. Cross-section of Danfoss´s axial piston pump Nessie [5]

107

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
2. Application in water hydraulics
Looking at common-rail systems, the injection pressures go up to almost 300 MPa. Here, pressure
induced deformation plays a significant role regarding the sealing gap between piston and bushing.
In water hydraulics, however, pressure levels are usually in the range of up to 25 MPa. This poses
the question whether the resulting forces on the piston are sufficient to cause relevant
deformations. In water hydraulics, higher flow rates are needed than in fuel pumps. Therefore, the
piston diameters are larger, e.g., 28 mm, see Fig. 7. It depicts the simplified piston geometry used
in this work, with a stainless steel piston running inside a PEEK bushing. Piston and bushing are
arranged concentrically to each other. Investigations on the performance are done at the outer
dead center (ODC) where pressure and stress are at a maximum.
DPiston
∆Gap

LPiston

LBore

DBore

Fig. 7. Relevant geometric parameters for the hollow piston investigation

To evaluate the potential performance of hollow pistons in water hydraulics, two different design
approaches were chosen, see Fig. 8. The first one being a bore inside the piston. This geometry
can easily be manufactured by drilling. A possible downside to this design is the high mechanical
stress at the bottom of the piston in the corners of the bore. This might lead to a material
malfunction. As a second approach, the corners were adjusted by using splines. Manufacturing of
such a geometry can also be done by drilling using an adapted drill. With the adjusted corners,
stress is reduced significantly. This might lead to reduced deformations and therefore higher gap
heights. In the following both design variations are investigated to compare the aforementioned
advantages as well as the constraints.

Area of
potentially
high stress

Standard Piston

Hollow Piston w/ Bore

Hollow Piston w/ Spline

Fig. 8. Design approaches for hollow piston design
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3. Simulation Approach
After the design process was done, an elasto-hydrodynamic (EHD) simulation was set up.
Deformation and stress are calculated depending on the pressure (f(p(x),σ) using FEM.
Afterwards, a hydraulic reynolds-simulation determines the resulting flow and pressure profile
(Q,p(x)). Fig. 9 shows the general simulation approach. Boundary conditions are defined for the
initial design. Here, material data, pressure profile for the initial load and other parameters are set.
A FEM-simulation is conducted using Ansys mechanical. Piston as well as bushing are simulated
at a temperature of 293 K. Afterwards the axial deformation is evaluated and the resulting gap
between piston and bushing is calculated. The gap geometry is then transferred to a Reynoldsgap-simulation. With a known pressure at the start and the end of the gap, the pressure
dependend flow and the resulting pressure profile are calculated. The new pressure profile then is
put into the FEM-simulation as a new boundary condition and new deformations can be calculatet.
This iteration process continues until there is no change in deformation, therefore converges to a
constant value.
Boundary
Conditions

Initial Design

Deformation

yes

Result

R < Threshold
no

Leakage Calculation

Pressure Profile

Fig. 9. Sequence diagram of the simulation process

The simulations were done using the simplified model of the piston-bushing contact shown in Fig. 7
for a static operation point at the outer dead center. Lateral forces on the piston were neglected
and a concentric postion of the piston inside the bushing was asumed. This was done to get a first
estimate on the achieveable improvements for comparable modes of operation. Real pump
operation introduces lateral forces on the piston, causing increased wear on the one hand, and
tilting and eccentricity of the piston, possibly leading to a significant increase in leakage flow
between piston and bushing [6] on the other.
The convergence for the hollow piston simulation is shown in Fig. 10. Here, the maximum
deformation is plotted over the position of the peak along the piston length represented in the node
number. The graph shows that it takes approximately eleven iterations to reach a converged
solution. For all the simulations, an investigation on the convergence was done to ensure reliable
results.
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104

Fig. 10. Convergence graph for the hollow piston: Maximum deformation over the location on the piston

4. Results
After achieving convergence for all simulation models, the different piston designs were evaluated
regarding the deformation, the resulting gap height, leakage flow and resulting mechanical stress.
Fig. 11 shows the deformation of the hollow piston with bore on the left. Even though the pressure
level was set to 25 MPa, significant deformations can be observed with values up to almost 3 µm
towards the bushing. The sealing gap between piston and bushing is shown on the right of Fig. 11
with the pressure displayed at the top and the bottom of the gap. The mean gap width is 8.78 µm
compared to 10 µm at the initial state (p=0 MPa) at inner dead center (IDC). This results in a
leakage rate of 0.1401 l/min.
25 MPa

µm

0 MPa

Fig. 11. Deformation and resulting gap geometry of the hollow piston with bore

The sealing gaps for the standard piston and the hollow piston with spline are shown in Fig. 12. For
the standard piston, the mean gap height is 9.93 µm and 8.90 µm for the hollow piston with spline.
This results in leakage flows of 0.2244 l/min and 0.1626 l/min respectively.
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Fig. 12. Deformation and gap geometry of the standard piston (left) and the hollow piston with spline (right)
Table 1: Simulation results for different piston geometries
Pairing

∆Pistonmax
[µm]

∆Gapmean
[µm]

∆Leakage
[l/min]

Mises stress
[MPa]

Standard Piston –
Bushing (SP)

-0.71

9.93

0.2244

-

Hollow piston with
bore – Bushing (HPB)

2.95

8.78

0.1401

76

Hollow piston with
spline – Bushing (HPS)

1.73

8.90

0.1626

48

With the simulated leakage rates at 25 MPa, the power loss can be calculated for all three piston
designs. Fig. 13 shows the power loss in kW per piston caused by leakage at the outer dead
center. The standard piston has a power loss of almost 1 kW compared to 0.68 kW for the hollow
piston with spline and 0.58 kW for the hollow piston with bore. This leads to potential savings of
27.5% and 37.6% respectively at the static point investigated.

0.935

27.5%

37.6%

0.6775

0.5838

Fig. 13. Comparison of power losses caused by leakage (from left to right): Standard piston (SP), hollow
piston w/ spline (HPS), hollow piston w/ bore (HPB)
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In order to evaluate the mechanical stress on both hollow piston designs the von Mises yield
criterion was applied using Ansys mechanical data, see Table 1. As expected, the hollow piston
with bore shows the highest stress level at the bottom of the bore with 76 MPa. With the
introduction of a spline, the maximum stress is located at the position of maximum deformation
with 48 MPa. A stress reduction of almost 40% can be achieved by adding a spline to the bottom of
the bore.
Fig. 14 shows a Wöhler-graph for type 316L stainless steel. In order to exceed the fatigue-limit, a
specimen has to last 107 load-cycles. The stress at which the specimen reaches the limit indicates
the stress level fit for durability. For a stress ratio of -0.2, representing alternating strain, the value
is approximately 265 MPa [7]. Both of the hollow piston designs are well below that limit with a
safety factor of at least 3.

~ 265 MPa

Fig. 14. Wöhler-graph for type 316L steel [7]

5. Conclusion and Outlook
In this paper, a first simulative investigation is done for the use of hollow pistons in water hydraulics
to reduce the volumetric losses inside a radial piston pump. First, the knowledge of this principle is
transferred from measurements on common-rail injection pumps to water hydraulics. Based on the
results, two design concepts for hollow pistons in water hydraulics are derived. The concepts are
simulated using Ansys and Matlab to calculate deformation and the resulting leakage flow.
Afterwards the results are compared regarding the potential savings in power losses and the
mechanical stress on the hollow pistons.
The results indicate a significant saving potential for both the hollow piston with bore and the
hollow piston with spline with savings of up to 37.6% and 27.5% for the simulated static operation
point. Additionally, the resulting stress through deformation for both designs is below the durability
limit. Thus, both variants are suited for pump operation.
Hollow pistons for increasing volumetric efficiencies do show great potential. To evaluate the full
potential, a transient investigation on the saving potentials has to be performed. Afterwards, a first
test can provide proof of concept. In the end, an analysis on the manufacturing cost compared to
the saving potential has to be carried out to ensure added value.
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Abstract: The purpose of this paper is to characterize the rheological behavior of the hydraulic oils
additivated with viscosity index improvers. This type of lubricants exhibits typical non-Newtonian properties,
depending on the concentration of additives. The samples have been tested on a Brookfield rheometer, with
a cone and plate geometry, by measuring the variation shear stress versus shear rate. Finally, the
rheological parameters of the lubricant have been determined, according to different rheological models.
Keywords: Rheology, hydraulic oil, experiment

1. Introduction
The primary purpose of hydraulic oils is to transfer the potential or kinetic energy, to create volume
flow between pump and hydrostatic motor and to reduce the friction and wear between moving
parts. In addition, they protect the system from corrosion and help carry away the heat produced
during energy transformation [1, 2].
Generally, the rheological properties of hydraulic oils depend on many factors that include
temperature, shear rate, concentration, time, pressure, chemical properties and additives [3, 4].
Most of the researches focusing on the effects of temperature, shear rate, concentration and
pressure. However, it is normally found that the effect of temperature is much more apparent on
the fluid viscosity.
It is known that additives of different types are added to improve the properties of lubricants in
almost all types of oils. In the case of hydraulic oils with viscosity index enhancers (long chain
polymers and high molecular weight polymers), the resulting fluid exhibit non - Newtonian
properties [5, 6].
The aim of this paper is to characterize the rheological behavior of the hydraulic oils additivated
with viscosity index improvers. The lubricant being tested is a general purpose hydraulic oil
suitable for lubrication of lightly loaded units in machines and installations with flow and circulation
systems [7]. This type of oil is produced from specially selected high-grade selective and hydrorefined naphthenic, paraffin-naphthenic base fractions.
The additive used as a viscosity index enhancer is based on polybutene, which is a synthetic
transparent liquid polymer obtained by the selective polymerization process of isobutylene
containing in the butane-butane stream. The main properties of the additive are: solubility in oils,
nontoxicity, thermal stability and high anticorrosion properties [8]. The physical and chemical
properties of the base hydraulic oil and additive are presented in Table 1 [7, 8].
Table 1: Physical and chemical properties of the hydraulic oil and additive
Characteristic parameter

Hydraulic oil

Additive

Density at 15°C

900 kg/m3

887 kg/m3

Viscosity at 40°C

41.4 – 50.6 cSt

-

Viscosity at 100°C

24.2 – 31.4 cSt

580 – 660 cSt

Viscosity Index

92

-

Viscosity CCS at 30°C

5500 cP

-

Pour point

-25° C

-67° C
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Characteristic parameter

Hydraulic oil

Additive

Flash point COC

200° C

170° C

TBN

9.4 mg KOH/g

-

Water (ppm)

-

70

Volatile factions

10 %

-

Viscosity HTHS (150°C)

3.3 cP

-

Molecular weight (g/mol)

-

1300

Colour (ASTM)

L 3.5

15

2. Experimental stand and methodology
The measurements were carried out on a Brookfield rotating viscometer CAP 2000+. Brookfield
Viscometers (Amettek, USA) are included in a large number of international standards. All their
laboratory viscometers have an accuracy of not less than the entire scale of ± 1,0% and a
reproducibility of not less than 0,2% [9]. CAP 2000+ viscometer series (Figure 1) are medium to
high deformation tools and operate according to the scheme cone - plate. With this apparatus, the
cone angle provides a constant speed of deformation of the fluid placed between the two elements
of the device: the rotating element (cone) and the fixed one (stationary plate).

Fig. 1. Brookfield cone-plate viscometer

The measurement range the viscosity depends on the angular velocity and the shape and size of
the cone used. The minimum range is from 0.02 Pa.s and reaches 1500 Pa.s, the rotation speed is
in range from 5 to 1000 rpm and the shear rate of 10 to 13000 s-1, respectively. The necessary
sample volume is in the range of 0.5 to 2 ml. The viscometer has ports for turning on a computer
and a printer.
The advantages of the viscometer include built-in temperature control (from 5 0C to 75 0C) of the
sample, easy adjustment and cleaning, small sample volume, automatically computer controlled
software. The Capcalc 32 software allows automated testing, recording and storage of
experimental data (up to 1000 data points for test). The data can be visualized graphically, allowing
the software to be built several comparative graphs simultaneously. Several mathematical features
are embedded in the software models for rapid and easy analysis of rheological fluid behavior.
The hydraulic oil was tested in pure state (0% of additive) and in modified state (five different
concentrations of additive: 1%, 2%, 3%, 4% and 5%). To determine the lubricant rheological model in
pure and modified state (with additive), it was used an “imposed velocity gradient” test, with the
variation limits 1333 ... 13333 s-1 and 200C reference temperature. The tests were carried out with
a load up to 13333 s-1 and unloading up to 1333 s-1, in order to highlight the effects of lubricant
thixotropy.
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There were calculated the lubricant rheological parameters, using the regression analysis method
with MathCAD software, according to three different rheological model:
-

Newtonian model:

 

du
dy

(1),

where:  - shear stress

du
- shear rate
dy

 - viscosity
-

Power law model:
where:  - shear stress

 du 
  m 
 dy 

n

(2),

du
- shear rate
dy
m - consistency index (which is equivalent to the Newtonian fluid viscosity)
n - flow index (equal to 1 if the fluid is Newtonian).
-

Rabinowitsch model:

  k 3  

du
dy

(3),

where:  - shear stress

du
- shear rate
dy
k – coefficient of pseudo-plasticity (equal to 0 if the fluid is Newtonian)

 - viscosity
3. Results and discussions
The results refer to experimentally obtained dependencies for the influence of the shear rate on the
shear stress and viscosity of the investigated hydraulic oil with additive. Part of the results relate to
the impact of the concentration of the additive on the investigated physical properties of the
lubricants, as well as the influence of time factor. The work does not take into account thermal
effects on the rheological characteristics of the hydraulic oil, the results presented referring to the
isothermal mode at 20 0C.
Figure 2 a and b present rheograms that provide a relationship between the shear rate and shear
stress for hydraulic oil in pure state (0% of additive) and in modified state (five different concentrations
of additive: 1%, 2%, 3%, 4% and 5%). From these diagrams, it can be seen that when loaded to
maximum shear rate and unloading to the initial one, are observed non-matching ascending and
descending parts of the rheogram. This shows that the hydraulic oil with different concentration of
additives have typical thixotropic properties.
Figure 2 gives also information about the hysteresis of the hydraulic fluid with additive. It can
observe that the hysteresis disappears at approx. 7000 s-1, representing about 55% of the total
range of shear rate.
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Brookfield Engineering Labs

Shear Stress (N/m²)

File
0%
1%
2%

Shear Rate (1/sec)

a) Additive: 0%, 1% and 2%
Brookfield Engineering Labs

Shear Stress (N/m²)

File
3%
4%
5%

Shear Rate (1/sec)

b) Additive: 3%, 4% and 5%
Fig. 2. Rheograms for hydraulic oil in pure and modified state

Table 2 presents the rheological parameters obtained by regression analysis method,
corresponding to rheological models Newtonian, power law and Rabinowitsch.
Table 2: Rheological parameters of the investigated fluid

0
1
2

Newtonian model
η,
Corr.
Pa·s
coeff.
0.112
98.6%
0.123
99%
0.129
99.2%

Power law model
m,
n
Corr.
Pa·s-n
coeff.
0.279
0.900
97%
0,276
0.911
98%
0.289
0.912
98.4%

Rabinowitsch model
k,
η,
Corr.
Pa-2
Pa·s
coeff.
4.60·10-8
0.119
99.6%
4.38·10-8
0.131
99.8%
-8
3.83·10
0.139
99.8%

3
4
5

0.138
0.147
0.156

0.295
0.300
0.304

3.69·10-8
2.83·10-8
2.37·10-8

Additive,
%

99.3%
99.5%
99.6%

0.917
0.922
0.927

98.7%
99.1%
99.3%

0.148
0.157
0.165

99.9%
99.9%
100%

Analyzing the values presented in Table 2, it can observe that the greatest values of the correlation
coefficient are obtained in the case of Rabinowitsch model. In this way, it results that the
rheological model that best approximates the behavior of the analyzed hydraulic fluid is the
Rabinowitsch model.
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Therefore, the variation of the rheological parameters versus concentration of the additive is
presented only for the Rabinowitsch model: viscosity in Figure 3 and pseudoplastic coefficient in
Figure 4.

Fig. 3. Variation of the viscosity of hydraulic fluid with the additive concentration

Fig. 4. Variation of the pseudoplastic coefficient with the additive concentration

Analyzing Figures 3 and 4, it is clearly observed that the viscosity increases with the increase of
additive concentration, while the pseudoplastic coefficient decrease with the same concentration of
additive.
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4. Conclusions
An experimental study was performed in order to characterize the rheological behavior of the
hydraulic oils additivated with viscosity index improvers.
The graphical dependencies for the shear stress versus shear rate as well as the viscosity and
pseudoplastic coefficient function of the additive concentration are presented.
Experimental tests showed the lubricant thixotropy, at high shear rates, which is present for the
hydraulic oil in pure and modified state.
The investigated hydraulic oil with additive has pseudoplastic fluid behavior and it is described with
high accuracy by the Rabinowitsch model.
The increasing of the concentration of the incorporated additive results in an increase in viscosity
and a decrease of the pseudoplastic coefficient.
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Abstract: For a long time, servo and proportional valves have ruled in the flow control field. Since the nearly
past decade a new method titled “Digital Valve System” has strived in this area, and has proven some
advantages over the elderly valves. The importance of this technique rises because of the inability of analog
valves to fulfill fault tolerance, energy efficiency, and manufacture standardization. Also, Digital hydraulics
concept has the possibility to be extended to replace traditional pumps, accumulators, transformers, motors
and many various valves. Moreover, it manages to raid not only the hydraulic field but also water and
pneumatic power systems with acceptable results, when compared to the analog valves.
The digital valve system utilizes a pack of simple 2/2 on/off valves to compete versus the analog valves. The
Digital Valve Unit (DVU) is composed of parallel connected on/off valves with a common input and common
output ports; and the output flow has discrete values. To determine the flow rate of each valve in the Digital
Valve Unit (DVU), a Pulse Code Modulation (PCM) scheme was chosen, in which the valves flow rates have
discrete values and can be presented as a geometric sequence with common ratio two. This paper studies
the Feasibility of metering-in speed control using digital valve system. Through the paper, four cases
modeled to describe and evaluate DVS: an ideal case with four and five valves, a near real case with four
valves and a particular comparative case of an analog valve. A simple open-loop controller is used for the
speed control in case of DVU using Simulink and Stateflow, while with the proportional valve a closed-loop
controller is used.
The results indicated the possibility to regulate the flow rate in the hydraulic circuit using Digital Unit instead
of an analog proportional valve, with a dropping of 93% in energy consumption when compared against a
two-way proportional valve. The high efficiency is owing to the lower differential pressure in DVU than with
the two-way proportional valve. On the other side, the results show high-pressure peaks with DVU which
needs further study.
The theory has advantages of high linearity, low hysteresis, less pressure drop at small flow rates, and fault
tolerance. The biggest challenges related to DVU can be summarized to a great package size and valve
states uncertainty.
Keywords: Digital valve system, MATLAB Simscape, tracking control, digital hydraulics, pulse code
modulation

1. Introduction
The traditional way of controlling actuator operational speed can be abridged in two primary
methods. First: a fixed displacement fixed speed pump controls many actuators. Unemployed fluid
flows to the tank through a relief valve. The required flow by any single actuator is lower than the
pump outlet; therefore, a restriction device is needed to bind the flow for every single actuator [1].
In fact, this method contributes to a considerable energy loss. Another issue is when an actuator
requires varying speeds during operation; these pumps need to be sized to supply the highest flow
needed. But unfortunately, when low speed is required, the excess flow delivered from these
pumps must be leaking via the exhaust valve at maximum system pressure. This process results in
converting the unwanted energy into heat; So, fixed displacement pumps should only be employed
in constant speed applications, or in circuits where speed control is of very short duration [2].
Second: another flow control method is by using pump control; where the flow is controlled either
by changing the pump drive speed, or by modifying the pump displacement, or both. Its main
advantage is dropping hydraulic throttling losses via operating the pump at lower pressure, which
can lower the overall power consumption; However, pump control decreases the system
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responsiveness and bandwidths needed for critical applications —for example closed-loop position
control circuits— because pumps do not ensure the requisite frequency response. While valves
can reach into the 150 to 200 Hz frequency responses [3]. Moreover, servo valves can reach to
400Hz [4], whereas the fastest pump frequency response is a small fraction of that.
A new parallel way has proposed and started by Linjama to solve the previously mentioned
problems, the concept called Digital Fluid Power (DFP), it replaces the traditional analog devices of
the fluid circuit by digital ones [5]. The roots of Digital Fluid Control go back to 1961, which
invented by BOWER [6].
A digital system can comprise a digital accumulator, digital supply units, digital cylinder, and digital
control valves [7]. Taking a traditional variable flow control valve for demonstrating; in the digital
world, the analog valve is replaced by a group of on/off valves, which have several flow rates at
similar pressure drop relative to the coding method. These valves have two states either on or off;
therefore, the flow output has discrete steps. So, for low desired speeds operate the valve with
small flow rate, and for high speeds open more valves.
Digital valves could also refer to Switching valves in which a variable rate capability can be
attained by varying the duty cycle [8-10]. The clearest distinction between Digital valves and
switching valves is the former needs many parallel valves, but the latter requires only one valve for
flow control. The drawbacks of using these switching valves are the necessity of a robust valve
owing to the tremendous frequency switching, and the need for a damping device [11, 12].
To determine the flow rate of each valve in the Digital Valve Unit (DVU) various schematic coding
can be chosen, for example, Pulse Code Modulation (PCM) (1Q, 2Q, 4Q…) and Pulse Number
Modulation (PNM) (1Q, 1Q, 1Q…). PCM is superior over PNM in the capability of having higher
resolution with less number of valves; unfortunately, the former suffers from transient uncertainty.
An in-depth evaluation is presented in [12]. The designers should select the code suitable for their
application. PCM of three parallel flow lines is described through Figure 1. The equivalent
proportional control valve is shown in Figure 2.

(a)

(b)

(c)

Fig. 1. (a) DVU of three on/off valves. (b) DVU simplified symbol. (c) Corresponding flow rates

Fig. 2. Two-way electro-proportional flow control valve.

It should be mentioned that DVU is not only limited to replacing the traditional 2-way proportional
valves, but it extends to cover many types of valves. Various applications were performed using
DVU are shown in [13-15].
Although DFP extends back to 1960’s era, it’s considered a recent study; as serious researches
have been carrying out since the past decade. On the other hand, electrohydraulic servo valves
were invented at the end of 1930 as high technology, although the high cost, a solution to accurate
motion control was needed. In 1980 proportional valves were presented as a practical and
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reasonably priced alternative to servo valves [16]. Till now these valves have dominated over the
field of flow control although their faults.
Another aspect considering the future of fluid power in Industry Revolution 4.0 —shorted to I4.0—
was studied by Brandstetter et al. [17], via classifying the industrial revolutions into four sections,
starting from mechanization (I1.0), electrification (I2.0), and digitalization (I3.0) till
connection/Internet revolution (I4.0). Unfortunately, the fluid power currently is still struggling in the
I3.0 Industry. This paper takes the path to put a step in the I4.0. Which characterizes by I)
Reduction in unit cost by standardization of the components. II) Connecting fluid components to
cyber-physical systems, so alive remote access to all system data enables much easier technical
support. III) Finally running the valve group by only editing a few commands in the valve software,
with no need for replacing a valve when requiring a different task —which decreases resource
waste [18].
Continuing on the research studied by Linjama in the field of Digital Valve System (DVS). This
paper will review the strength and weaknesses points of using DVU over proportional valve. A
selected case of low flow rates and relatively small loads was chosen for investigation.
The paper is divided into three main parts: 1) Modeling and simulation of DVU using MATLAB
Simscape Fluids. 2) Velocity control of a hydraulic cylinder using DVU. 3) Performance
Comparison between DVU and 2/2 electro-proportional valve.
2. Modeling and Simulation of DVU
2.1 System Overview
The existing below components are founded on real ones, in which experimental validation will be
investigated in a future research work. The system comprises a supply unit with DVU of 4 on/off
solenoid operated valves against a maximum load of 1000 N. The used code is PCM as a result of
its compact size and acceptable flow steps. The velocity output has 15 steps starting from 1 to 15
l/min. Note that in the case of PNM coding, 15 valves are needed with 1 l/min output flow from
each valve, to achieve the same purpose.
2.2 System components
The used software is Simscape Fluids, which provides components library for simulating fluid
circuits. To solve the Differential Equations in the model, MATLAB recommends ode15s and
ode23t for Simscape hydraulic models [19]. In this model, ode15s was selected for higher accuracy
[20]. The hydraulic circuit model is shown in Figure 3. The system components are:
 Induction motor and variable displacement pump blocks were selected. The Pump
performance curve provides data at 1800; however, the available motor has a rated speed
of 1410 rpm, without the need to use affinity laws. Coupling the motor and pump using
Simscape provides the value of pump max delivery 19.3 l/min when limiting the pump
differential pressure to 20 bar and loading the cylinder with 1000 N. As only the desired flow
goes through the DVU is a fraction of this value, so the excess flow is dumped into the tank.
 Electric Motor. A single-phase induction motor with a rated speed of 1410 rpm and 1.5 KW
rated power.
 Pump. A variable displacement pump (HYDURA PVQ-06); the pump swash plate angle is
stationary at a max delivery of 0.0139 l/rev, the rated speed of the pump is 1800 rpm.
 DVU. Digital valve system can consist of more than one DVU, here one DVU of four valves
(Sun Hydraulics-DTDB-XCN) is used [21]. DVU is shown in Figure 4.
 Orifices. Over each 2/2 valve, an orifice is positioned, the orifices used were selected from
Hydra Force company have diameters (0.85, 1.3, 1.8, and 2.5) mm, with output flow rates
(0.9, 2.2, 4.3 and 8) l/min at the operational pressure [22]. The flow was supposed to be
perfectly binary formulated (1, 2, 4, and 8) l/min, but due to the requirements of a high
precision diameters values, the mentioned diameters were accepted.
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 4/3 valve. A PONAR (4WE6 E-12/G24 N Z4) spool valve with tandem center [23]. The valve
has a small pressure drop of 2 bar at 15 l/min. A better choice is to select a closed center
valve with a variable pressure compensated pump, then vary the swash plate angle
according to the pressure. But valve and pump bandwidth should be considered when
designing this circuit. [24]. Also, the valve response time was disregarded. Here the paper
focuses only on flow control using valve digitalized method, and the valve is mainly needed
to retract the actuator.
 Actuator. (ϕ32/22—250) mm Cylinder, with a maximum pressure of 100 bar.
 Relief valve. A (VMDR40) relief valve with max pressure set to 20 bar, at this pressure the
relief valve can handle 40 l/min flow rate [25].
 Sensors. LVT position sensor is used for circuit operation. A pressure transducer and flow
meter sensors are used only for setting up the circuit.

Fig. 3. System Model.

Fig. 4. Digital Valve Unit Model.

2.3 Modeling an Ideal Isolated Case
To fairly judge DVU concept; an optimum case is modeled (Figure 5), this model has a perfect
binary PCM code, constant supply pressure, no relief valve bypasses flow, no pressure drop over
the 4-way directional valve, and immediate valve response. At constant 20 bar supply pressure,
the new precise orifices diameters allow for accurate flow rates (1, 2, 4 and 8) l/min.

Fig. 5. Ideal Hydraulic Circuit Model.
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3. Control and Operation Methodology
Controlling actuator speed can be achieved by using a hydraulic block contains needle valve and
return check valve, which is called "metering-in." In the metering-in circuit, cylinder speed is
controlled as fluid enter the cylinder; this block is connected to the piston side.
Metering-in circuits are much preferred as long there is no runaway load —runaway load can be
prevented by using a counterbalance valve (V2) as shown in Figure 6 consequently preventing
cavitation— its best application is for extending an opposing vertical load against gravity force.
Another advantage when controlling the feeding in the extension direction; is a precise cylinder
speed can be achieved as more fluid entering the piston side than leaving the rod side [1, 26].

Fig. 6. Meter-in speed control. [1]

The model presented in this paper is based on the meter-in flow control concept, except instead of
using conventional analog flow control valve as in Figure 6, a DVU is used.
3.1 Controller Design
An open-loop controller was utilized for the speed control; consequently, there isn't any sensor
noise problem, but the system has two issues left, which are Disturbances and Variations in
process dynamics. If they are well known, the open-loop controller is an excellent choice, which
happened in our case, as the primary purpose of the paper is concentrating on the methodology of
speed control using DVU [24].
A simple controller was constructed using MATLAB Stateflow viewed in Figure.7. The controller
inputs are the desired flow rate and the position. Also, Position control isn't the paper interest.

Fig. 7. Velocity Controller.

Fig. 8. Controller Flowchart.
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As regards to the inputs, the Stateflow control logic selects the suitable “scenario” and opens the
combination of valves corresponding to the desired flow rate.
Hence if the desired flow is 7 l//min, with knowing the step size and the valves flow rates values,
the corresponding opening valves combination is V1, V2, and V3. The available output flow rate is
divided into ranges, thus for 6.8 l/min, the same opening combination will be selected since the
minimum step size is 1 —due to the system (DVU n=4) smallest valve has 1 l/min at the rated
pressure.
3.2. System Operation
The Flowchart in Figure 8 represents the process steps of the ideal case. Only two valves were
selected for presentation, with two valves there are three states: V1 open, V2 open, and both are
opened. The third state isn't represented in the flowchart for simplification reason.
The symbols Xdes, Xfb, and Qdes, represent desired output position, feedback position reading
from the sensor and desired output speed respectively.
4. Model and Control of Two-Way Electro-Proportional Flow Control Valve
A Sun Hydraulics-FPCCXAN proportional valve is selected for comparison with the modeled DVU
[27]. They both are cartridge poppet valves and have an equal maximum flow rate. The maximum
valve flow is 15 l/min at 215 bar pressure drop, while the proposed DVU requires only 6.7 bar.
Proportional valves refer to controlling valve output flow proportional to the commanded signal [24].
Proportional valve circuits can be abridged in four paths: I) Open-loop proportional valve system. II)
Closed-loop proportional valve system by a mean of an LVDT transducer mounted on the valve. III)
A closed-loop proportional valve system, with LVDT linked to the actuator. IV) A closed-loop
proportional valve system, with LVDT connected to both the valve and the actuator. More
information can be found in [28]. In this model, the third configuration was chosen for comparison
with the DVU.
Proportional valve performance curve was uploaded to the model, and I-controller was used as
depicted in Figure 9. The controller transfer function is (3.644/s). All the remaining parameters of
proportional valve circuit model are the same as the "Near Real DVU Model."
Knowing that the proportional valve hysteresis, linearity, repeatability and dead-band are: <4%,
<8%, <2%, <2% and 25% respectively [27]. The valve hysteresis, repeatability, resolution and step
response were neglected. These previous issues will be much reduced in the case of using DVU.
Figure 10. shows the tracking performance of output flow of the 2/2 proportional valve to the
reference sinusoidal reference with amplitude 15, and 1 rad/sec frequency. It can be seen that the
result is nearly consistent with the reference signal after 0.2 seconds —when passes the deadband zone.

Fig. 10. Proportional Valve. Sine input
reference and the response output.

Fig. 9. Proportional Valve Circuit
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5. Results and Discussion
5.1 Ideal Case
The system's valves have two states, either be operated by 1 input signal or be closed by 0 signal.
The controller signals are sent to 24V DC solenoids to activate the valves. In Figure 11, the
maximum flow rate 15 l/min is achieved when a ramp input signal of slope 12 is selected.
Therefore, all the four valves (n=4) needed to be opened as described in Figure 12.

Fig. 12. Ideal DVU (n=4). Output flow from
each valve for a Ramp input.

Fig. 11. Ideal DVU (n=4). Ramp input
reference.

As the number of valves increments by one, the valves' states output increase according to the
relation: N_states=2^(n-1), where n is the number of valves in DVU, and N_states is the total
number of the states a DVU can possess. Therefore, a DVU output resolution is clearer as the
number of valves increases. A comparison demonstrates this point shown in Figures 13 and 14
when a sinusoidal input with 1 rad/sec frequency and xdes = 250mm is used. Also, the output flow
rate for the DVU (n=5) is 15.5 l/min which is more than DVU (n=4) by 0.5 l/min.

Fig. 14. Ideal DVU (n=5). Sine input
reference and the response output.

Fig. 13. Ideal DVU (n=4). Sine input
reference and the response output.

5.2 Near Real Case
In Figure 15, a trapezoidal input of amplitude 15 for 0.5 sec is used, the corresponding output flow
is 14.7 l/min, due to the low precision orifice diameters used.
In Figure 16. When tracking a sinusoidal signal with amplitude 15, and 1 rad/sec frequency, flow
peaks were seen, this is caused by the switching on and off delay time of the valves.
More explanation of the flow peaks is as follows: consider the first desired output is 7 l/min this will
require a state (V1: on, V2: on, V3: on, V4: off). Secondly, a transition value of 8 l/min is required,
this will need an opposite state which is (V1: off, V2: off, V3: off, V4: on). Due to the delay in
opening and closing the valves; a transient state appears in which all the valves are opened
altogether for a variable period. This issue can be resolved either by using a high response valves,
or another suitable coding scheme such as PNM coding, or both. In paper [29], delay problem is
solved by delaying the valve closing time based on the measuring values of the inherent
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characteristics of valve switching time. The valve opening uncertainty can also cause pressure
peaks, which can be resolved by using accumulators, relief valves, and suitable controllers [30].

Fig. 15. Near Real DVU. Trapezoidal input
reference and the response output flow.

Fig. 16. Near Real DVU. Sine input
reference and the response output flow.

5.3 Two-Way Electro-Proportional Flow Control Valve and DVU Comparison Points
In Table 1, data extracted from simulations through Figures 10, 13, 14 and 16 are listed. Here the
hydraulic energy consumption is taken for evaluation —of course the prime mover needed to
operate the pump will consume higher energy— the energy is calculated as formula (1):
(1)
The cumulative root mean square (CRMS) error was integrated over the cylinder stroke time as
shown in formula (2): [31]. U(t) is the variation between the output flow and the reference signal.
(2)

Table 1: Comparison layout
system
configuration

energy
consumed (kJ)

CRMS
error

stroke time
(sec.)

Proportional valve

11.85

0.31

1.39

Near Real/DVU (n=4)

0.82

0.89

1.34

Ideal/DVU (n=4)

0.40

0.54

1.33

Ideal/DVU (n=5)

0.40

0.28

1.32

It's obvious in Table 1 that the proportional valve consumed greater energy than DVU; this is
because the proportional valve operates at much higher pressure drop than DVU to achieve similar
flow rates. Also, the energy consumption for Ideal/DVU (n=5) and Ideal/DVU (n=4) is equal due to
both operate at fixed pressure source of 20 bar, and the only difference is an excess flow of 0.5
l/min (0.5+1+2+4+8) of the former over the latter (1+2+4+8).
Another important remark, is here the primary cause of CRMS in proportional valve arises from the
valve dead-band, and no compensations were made to reduce this error. In fact, both CRMS error
and response time in Near Real/DVU and Proportional valve can be decreased with the aid of a
more advanced controller. The comment on achieving maximum stroke with Ideal/DVU (n=5) in a
shorter time than Ideal/DVU (n=4) is due to a higher maximum flow rate of Ideal/DVU (n=5) by 0.5
l/min. The energy consumption reduction ratio when calculated from equation (3), is 93%.
(3)
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6. Conclusion
In this research, a proposed Digital Valve Unit (DVU) was presented, which showed the possibility
to control the flow using DVU instead of the traditional proportional valve. Comparison between the
proposed system and the analog 2/2 proportional valve was carried out. The results showed a
reduction in energy consumption with the aid of DVU. The system has advantages such as I) Low
hysteresis. II) High linearity. III) The possibility of programming valves by many functions. IV) Less
pressure drop with small flow rates. V) Fault tolerance, as the system could still operate with less
performance when a working valve is malfunctioned. V) Standardization, by substituting different
valves for a group of semi-similar programmable ones. It's clear that the concept difficulties are
large package size, valve states uncertainty, and pressure peaks. The studied model in this paper
can be considered an initial step for digital hydraulic separate meter-in and separate meter-out
(SMISMO) control which is a major competitor to load sensing circuits. The present study suggests
that DVU can provide a significant improvement in flow control field, especially concerning energy
saving.
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Abstract: Oil cooling systems are used widely in hydraulic systems, mainly to maintain working fluid’s (oil)
temperature within a given range, where its flowing parameters have small variations. It is a well-known fact
that hydraulic oil parameters, such as viscosity and pressure drop, are dependent to current oil temperature
therefore in many cases it must be controlled using automated cooling systems. The authors propose an
automated hydraulic oil air cooling system having as main actuator a variable speed rotary hydraulic motor.
Cooling capacity must be calculated, using standardized formulae that are to be found in scientific literature,
under-sizing always lead to poor temperature balance. Overheating can create favorable conditions for the
occurrence of cavitation phenomenon, leading to premature wear or damage of hydraulic equipment. The
testing stand that the authors propose is made of an operator console placed on a hydraulic oil tank, a
battery of oil filters, hydraulic directional valves, safety valve, electronic temperature to current transducers
and the electronic controller module.
Keywords: automated system, testing stand, transducers, simulation

1. Introduction
Hydraulic fluids, also known as hydraulic oil or hydraulic liquid, can be defined as the medium used
to transfer power in hydraulic installations or systems. Its physical and chemical characteristics can
be measured and give the extent to which system’s overall efficiency is appreciated. In energy
terms, an automated cooling system is working with the energy that the hydraulic installation /
system does not consume when working – also known as lost energy:

W cooler W input W used

(1)

Trying to maintain the oil at ideal working temperature is highly desired, having direct positive
benefits both on hydraulic system’s working life and oil life, reduced maintenance and repair costs,
lower system downtime and higher efficiency when oil temperature is somewhere around the ideal
working temperature (in practice the oil’s temperature is varying in a range of values).
The automated hydraulic oil cooling system, was tested on an general purpose electro-hydraulic
testing stand, made of an operator console, an oil tank having an approximate volume of 800 liters,
a battery of oil filters, several hydraulic directional valves, a safety valve, electronic temperature to
current transducers and the electronic controller module. All will be detailed in the following. The
operator console is a rectangular metallic plate, having T-shaped channels on which is mounted,
mainly, tested equipment and auxiliary hydraulic valves or electro-mechanical devices.
The paper is presenting the electro-hydraulic diagram of the automated cooling system that the
authors propose, several key technical parameters of main components. The system is using an
air cooler with a variable speed hydraulic motor.
2. Current state of the art
Hydraulic driven cooling system, with an air fan, are using a variable speed motor is considered to
offer significant advantages over classic electric or belt-driven solutions, such as energy savings,
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accurate and variable speed control of the fan, extended working life and the possibility to find
integrated cooling systems on the market.

Fig. 1. General connection for an air hydraulic oil cooler
with hydraulic rotary motor

Mainly, there are known three technical solutions for hydraulic oil cooling using:
a. fixed ratio hydraulic rotary motor, the case which the cooling system’s fan has only one
rotational speed, proportional with the drive motor’s (electric, hydraulic) speed,

Fig. 2. Fixed ratio hydraulic motor

The hydraulic motor can be provided with auxiliary hydraulic equipment, such as pressure relief
valves or anti-cavitation valves, but it also can operate in stand-alone configuration, without using
these equipment.

a. stand-alone

b. with anti-cavitation
valve

c. with pressure relief
valve (fixed) and anticavitation

d. with pressure relief
valve (adjustable)
and anti-cavitation

Fig. 3. Different operating modes for fixed ratio hydraulic motors
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Basically, in every one of the four operation modes given above, the hydraulic motor performs the
same function, but there are few disparities: in Fig. 3.a, the construction is simple and robust,
therefore is expected to be a cost effective solution; in Fig. 3.b, the hydraulic motor is protected,
but in the same time it can attain higher rotary speeds then the case before; in Fig. 3.c, the motor
has the same benefits as in Fig. 3.b, but a long-life operation if expected than the cases before.
The recommended configuration when using a fixed ratio hydraulic motor is the one given in Fig.
3.d, where besides higher rotary speeds, motor protection and larger fan size, the system can be
optimized due to its adjustability. Analyzing the associated functional curves, fan speed vs. engine
motor speed, it can be easily differentiate the functional characteristics in each one of the four
connection modes. Best operation case is given in Fig. 3.d, but it is also the most expensive one.
b. two speed hydraulic rotary motor, when the cooling system’s fan can rotate at two different
speeds, therefore the cooling system can operate in two modes: normal cooling mode and
turbo cooling mode,

Fig. 4. Two speed hydraulic motor

Fig. 5. Two speed hydraulic motor with piloted bypass valve,
pressure relief valve (fixed) and anti-cavitation

Technical advantages of using such a configuration are: high operation speeds, hydraulic motor
protection against pressure peaks, large fan sizes and the electronic command for two operating
cooling speeds. Usually, the electromagnet of the piloted bypass valve operates on 12VDC for
normal cooling and 24VDC for turbo cooling. It must be noted that any other intermediate rotary fan
speeds are not possible in this configuration, as seen in the characteristic curve in Fig. 5.
c. variable speed hydraulic rotary motor, having the benefit of that the operator can change
the direction of rotation when needed. In this case, the rotational speed of the fan driving
axle is independent of the driving engine speed, but needs, at least, an electronic module to
control the speed variation and direction change.
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Fig. 6. Variable speed hydraulic motor

In the case of using a variable speed hydraulic motor, the fan speed is independent of drive engine
speed. It is the most expensive solution of all presented above, but acquisition costs are not
always the only choosing criteria.

Fig. 7. Variable speed hydraulic motor with proportional relief and anti-cavitation valves

Besides the high speed operation, long operating life and motor protection, there is attained a
proportionally precise control of coolant temperature, while in a case of a control module failure,
the fan will be rotating at its maximum speed.

Fig. 8. Variable speed hydraulic motor with
4/2 reverse valve, proportional relief valve and anti-cavitation valve

The most efficient operating mode of an air oil cooler is to use a variable speed hydraulic motor
connected using the diagram given in Fig. 8, which is also provided with the possibility to change
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the direction of rotation - it is used a 4/2 electric valve. In addition to the features presented in the
previous case, reversible operation of the cooling fan, allow the system to perform an “autocleaning” of the radiator element. The speed variation is current controlled using a specialized
electronic module, which generates a PWM signal of which frequency is proportional to hydraulic
motor speed, with an adjustable dither signal. The electronic module controls the hydraulic motor
rotational speed by simply regulating the current that flows through the electromagnet of the
proportional relief valve.

Fig. 9. Schematic of an electronic control module used in a variable speed fan drive system
with variable speed hydraulic rotary motor

The schematic given in Fig.9 has a number of four temperature sensor inputs, for each one it can
be set the minimum and maximum working (control) temperatures and a weight coefficient in
accordance with so-called “thermal importance” in the control loop. Depending on the proportional
valve type, the minimum and maximum control currents can be set. From Fig. 9 it can be seen that
the electronic control module calculates the proportional valve drive current using a weighted
average of temperatures measured in different point of the hydraulic installation. The electronic
control module has a retarder function allowing the operator to increase or decrease the hydraulic
motor speed by simply changing the control current of the hydraulic proportional valve. There is
also available a reverse function used only for reversible hydraulic motors in the reverse valve
configuration, thus allowing changing the direction of rotation used for cleaning cycles of radiators.

Fig. 10. Air hydraulic oil cooler using a hydraulic rotary motor (LHC, OA-Technik GmbH)

3. System description
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Given the above, the authors propose an electro-hydraulic diagram of the automated oil cooling
system, using a variable speed hydraulic motor.

Fig. 11. Schematic diagram of the automated cooling system

The diagram of the automated hydraulic oil cooling system that the authors propose is using: a
proportional 4/2 directional valve DP, a 3/2 directional valve DH, a pressure relief (adjustable)
valve S, a hydraulic pumping module with electronic level display and mechanical temperature
indicator, the air oil cooling with variable speed hydraulic motor MH, a hydraulic filter battery, two
electronic fluid (hydraulic oil) temperature-to-current transducers and the electronic control module.
The electronic fluid temperature transducers are using Pt100 thermocouples, having the operating
temperature range of [-50°C … +150°C] and an output voltage of 0…10V, with signal converter.
When the cooling function is not needed, the 3/2 directional valve DH is acting as a hydraulic
switch, decoupling the hydraulic cooling system from the main installation.
3.1. Main components
Referring to the electronic control module, it can be materialized using a dedicated controller based
on a RISC microcontroller, a programmable logic controller (PLC) or a personal computer with a
data acquisition board. In any case, the control module must be programmed using proper
software environment. The controller described in this paper was made using the third option from
the above: PC and DAQ board. Presented configuration is using a 16-bit FESTO EasyPort DAQ,
as seen in Fig. 12.a, with analog and digital connection boards, Fig. 12.b. This DAQ board is
interfacing the cooling system’s temperature transducers on two analog inputs and two DC
electromagnets, one connected on a digital output (0/24VDC) for directional valve DH, while the
other one, for DP proportional directional valve, is connected on an analog output, generating
proportional command. The DAQ board communicates with the PC using a USB connection
standard. Also, the DAQ board can supply regulated 24VDC power to the temperature transducers
and other electric consumers, max. 1A. When choosing the data acquisition card, the authors have
considered the following criteria:
- maximum sampling rate, which is the measure of the speed at which an analog input of the
acquisition board is scanned and updated, in order to acquire a numerical value of the
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-

analog signal present on the input. If the sampling rate is incorrectly selected, the acquired
signal will not be the same as the original signal;
the resolution is represented by the number of divisions in which the input signal variation
range is divided;
number of analog inputs, closely related to the number of signals that can be purchased
simultaneously;
number of analog outputs used by the PC to generate analog signals send to the testing
stand.

4 5 6

3

7

8

2

1

a. DAQ board

b. analog and digital connectors

Fig. 12. DAQ board and its connectors

In Fig. 12.a, are given:

1. digital signal cable;
2. data acquisition board display;
3. analog signal cable;
4. USB data cable;
5. configuration buttons and status LEDs;
6. power supply (24 VDC).
The EasyPort USB DAQ board is equipped with two configuration buttons and two LEDs (green
and red) that optically signal the state of the board as follows:
- red LED flashes when a short circuit is detected at one of its outputs. In this case, EasyPort
USB outputs are disabled as a protective measure. This LED illuminates briefly when the
DAQ board is electrically powered;
- green LED can indicate optically the following states of the DAQ board:
o an intermittent illumination with a frequency of approximately 1 Hz immediately after
the electric powering, meaning that the acquisition card has not started
communicating with the computer to which it is connected;
o a fast flashing, meaning that the acquisition card was recognized and connected to
the computer without any errors.
The LCD display of the DAQ board is used to inform the operator about voltage levels from a
selected analogue input / output, in numerical form and in the form of a bar-graph, the length of
which is proportional to the value of the input. The LCD display also shows the number of input /
output displayed and the type of signal: input or output. Two groups of 16 LEDs, Fig. 12, are used
on the DAQ board indicating the current state of the digital inputs and outputs. The green LEDs
indicate the status of the digital inputs as: LED off – zero (low) input value; LED illuminated – high
input value. The yellow LEDs indicate the state of the digital outputs, having the same optical
significance as the inputs. The two buttons on the front panel of the DAQ board are used to select
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the input or output number and the unit of measure (V, bar, PSI, MPa, l / min, °C) in which the
value on the LCD display is displayed.
The transducers of the experimental stand perform the conversion of a physical measure
(temperature) into a proportional electrical signal (voltage).

a. schematic drawing

b. physical model

Fig. 13. Temperature transducer, Pt100

Another main component of the automated oil cooling system is the variable speed hydraulic
motor, OMM8 type, manufactured by Danfoss, shown in Fig. 14. Few important technical
characteristics of the motor are: operating pressure 60 bar, maximum permissible pressure 120
bar, maximum permissible pressure in the return line 50 bar, displacement 8,2cm3/ rot, 0…10
l/min, 0…1220 rpm, low leakage.

a. motor schematic

b. motor mounted on testing stand

Fig. 14. Variable speed hydraulic motor

The hydraulic motor speed is controlled by the DP proportional directional valve, which is driven by
the electronic controller.
3.2. Virtual instrument - controller
The electronic controller module, as stated before, is based on a PC – DAQ board system, using a
VI, virtual instrument, developed in LabView software environment. Instrument (user) panel of the
VI is shown in Fig. 15, where can be seen several displays and control instruments. The VI has an
activation switch (ON/OFF) which starts or stops temperature control. There is placed on the
instrument panel a display for the rotational speed of the hydraulic motor, a green LED indicator
that is lighted in light or dark green according to the ON or OFF state of the DH directional valve
(bypass valve), two displays calibrated from 0 to 100ºC that display in real time the current
temperature value at the in and out connectors of the air hydraulic oil cooler. The most important
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two controls on the instrument panel are the PID output [%] and PID gains, the VI uses a standard
software proportional-integrative-derivative controller (PID) to calculate the command for the
electromagnet of the proportional hydraulic directional valve DP and displays it. PID controller
output is shown in percent, physically corresponding to electric current values applied to the
proportional electromagnet of DP, in range from 200 to 800mA.

Fig. 15. Virtual instrument for automated control of the oil cooler

4. Conclusions
Automated hydraulic oil cooling systems are necessary extensions of any modern hydraulic testing
stand, especially when performing endurance tests on classic or proportional hydraulic equipment.
Proper fluid (hydraulic oil) temperature control is a key factor for obtaining accurate results when
acquiring data for plotting characteristic curves of hydraulic equipment. Another important aspect of
using an automated oil cooling system is reducing premature wear of the hydraulic equipment,
implying – on long term – lower maintenance and service costs. Automated systems reduce the
percent of human operator intervention on tasks that have a low level of importance in hydraulic
systems and installations, taking over monitoring and control task but notifying the operator only in
potential dangerous situations.
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Abstract: Multipurpose motor vehicles are trucks on which various equipment has been implemented in
order to achieve works related to the road that they travel on, such as snow removal, sweeping and spraying
the streets, roadside mowing, trimming trees, etc.
Multipurpose vehicles have two operating modes. ●Marching mode. The vehicles move rapidly from one
location to another. Torque at the drive wheels is small and the speed is high. ●Technological mode. The
vehicle is traveling at a low speed (max. 8 km/h) imposed by the working technology of multifunctional
equipment. Torque at the drive wheels is high and the speed is low. In this sense, the request came from a
company in the field of road maintenance to achieve a special transmission that allows achieving low speeds
during working operations. The product is made in a research project between the company and a research
institute specialized in hydraulic drives.
The article analyzes the solution of increasing efficiency of multifunctional vehicles in the technological mode
by using a hybrid (mechanical-hydraulic) four-wheel drive transmission achieved through the implementation
of a hydrostatic transmission in the kinematic chain of the mechanical transmission. The following are
presented: hybrid transmission components and functioning, hydrostatic transmission schematic diagram
and structure, energy efficiency as a result of the hydraulic transmission implementation and numerical
simulation of the main functional parameters of the transmission.
Keywords: Hybrid transmission, four-wheel drive, energy efficiency, multifunctional motor vehicles

1. Introduction
Multifunctional motor vehicles are trucks on which technological equipment is implemented, with
which works generally related to roads are done such as: removing snow from the road, spreading
anti-slip materials, sweeping and sprinkling streets, mowing public roads, or trimming trees etc.
These vehicles have two modes of travel: fast and slow.
In the fast-moving mode, vehicles move at high speed on the road from one location to another.
The torque on the drive wheels is small and the speed is high.
In slow travel, the vehicle moves at a low speed (max. 5 km/ h) imposed by the multifunctional
equipment technology. The engine torque is high and the speed is low. In this regard, a request
has come from a road maintenance company for a special transmission that allows for low speeds
during the work operations. The product is being developed as part of a research project between
the company and an institute specialized in hydraulic drives.
Traditional mechanical transmission (gearbox, drive shaft, differential) is effective in rapid travel
mode (high speed) but it is both energy and operating inefficient in the "technological speed"
mode.
The mechano-hydraulic transmission [1], which is the subject of the article, adds the benefits of the
two types of transmissions. Practically, the vehicle has two types of independent transmission:
mechanical and hydraulic. Switching from one transmission to the other is done by a simple
switching. Mechanical transmission [2] is used in marching mode, i.e. travel on high-speed road,
and the hydrostatic transmission - in "technological mode". Electronic control of the hydrostatic
transmission ensures smooth start, continuous speed control and safe braking.

140

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
2. Components and functioning of hybrid transmission
The constructive and functional schematic diagram of the hybrid transmission is shown in fig. 1.
In the case of mechanical transmission, the torque supplied by the MT motor is transmitted to the
engine wheels (RMF and RMS) via the CV gearbox, the AC drive shaft, the CD distribution box
and the front and rear axle (ACF and ACS) - see fig. 1a.

Fig. 1a. Mechanical transmission

The hydrostatic transmission is achieved by introducing the MH hydraulic motor into the kinematic
chain of the mechanical transmission - see fig. 1b.

Fig. 1b. Hydrostatic transmission
MT - thermal motor; PH - hydrostatic pump; CP - pneumatic cylinder; DF - differential; CV - gearbox;
MH - hydraulic motor; AC, ACS and ACF - cardan shafts; RMS and RMF - engine wheels; CD - transfer box.

Connecting or disconnecting the MH hydraulic motor from the AC shaft is done with the CP
pneumatic cylinder supplied from the compressed air network of the truck.
The hydraulic PH pump is driven from the power outlet of the truck directly or via a cardan shaft.
Activation of the hydraulic transmission [3] is as follows: (see fig. 1b)
- shift the CV gearbox to neutral to deactivate the mechanical transmission.
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- connect the power take-off to PH pump;
- engage the hydraulic motor MH with the AC shaft with the CP pneumatic cylinder;
The kinematic chain of the hydrostatic transmission has two branches:
- the kinematic chain of the pump composed of: MT - CV - PH;
- engine kinematic chain consisting of: MH - AC - CD - (ACS - ACF) - (RMF - RMS).
The energy flow of the hydrostatic transmission [4] undergoes two transformations:
- hydraulic pump PH converts the mechanical power (torque x speed) received from the MT motor
via the CV transmission in hydraulic power (pressure x flow) which it transfers to the hydraulic
motor MH;
- Hydraulic engine MH converts the hydraulic power received from the PH pump into mechanical
power (Torque x speed), which it transfers to the drive wheels via AC, ACS and ACF shafts and
the distribution box.
3. Schematic diagram and structure of hydrostatic transmission
The hydrostatic transmission is part of the hybrid transmission and consists mainly of: hydraulic
pump 1, hydraulic motor 2 and refreshment valve 3 (see figure 2). These components together
form a closed hydraulic circuit. [5]

Fig. 2. Hydraulic schematic diagram of a hydrostatic transmission

Main pump PP supplies hydraulic power to the engine 2.
The PA auxiliary pump compensates for the internal losses of the two hydraulic machines and
introduces cooled and filtered oil into the closed hydraulic circuit.
Reversing the discharge direction and changing the flow rate of the PP pump is done by
proportional electrical valves 1.1.a and 1.1.b.
Safety valve 2 protects the PA overpressure pump.
The sensing valves 1.3.a and 1.3.b lead the flow rate of the PA pump into the low pressure branch
of the closed circuit. [6]
The pressure valves 1.4.a and 1.4.b protect the two branches A and B of the closed circuit against
overpressure. The valves 1.5.a and 1.5.b open when the truck is towed, and the hydro-motor 2
becomes a pump. Filter 1.6 ensures filtering of oil pumped into the system. The valve 3.1 removes
from the low pressure branch of the closed circuit a quantity of oil (about 10% of the flow rate of the
PP pump) coming from the hydro-motor. The extracted oil is replaced with "fresh" oil supplied by
the PA pump through the filter 1.6 and the sensing valves 1.3.a or 1.3.b.
Pressure valve 3.2 maintains a pressure of approx. 20 bar on the closed circuit low pressure
branch.
Part of the flow rate of the PA pump is routed through the resistor 4 to the hydromotor 2 in order to
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lubricate and cool it in the fast displacement phase. The pressure sensors transmit information to
the electronic controller of the transmission. The pneumatic valve 5 engages / disengages the
hydro-motor 2 from the shaft.
4. Energy and functional efficiency of transmission
The thermal motors fitted to multifunctional vehicles operate at maximum efficiency in the speed
range of 1200 to 1800 rpm, as shown in fig. 3.

Fig. 3. Torque, power and engine speed characteristic [7]

In the maximum efficiency range, the torque developed by the engine is constant and maximum.
Also, the ratio of the power / torque supplied and the fuel consumption is maximum, i.e. its energy
efficiency is maximum.
Using the thermal engine at speeds below 1200 rpm: In order to achieve the very low travel speeds
required by the technological needs of multifunctional equipment, one should remove the thermal
engine from the working range with maximum efficiency.
Hydrostatic transmission offers what the mechanical transmission can not accomplish: low travel
speeds with the thermal engine operating in the maximum efficiency range. This can be seen from
the shematic diagrams shown in fig. 4.

a) velocity - speed diagram

b) speed - torque diagram

Fig. 4. Comparative diagrams: mechanical vs. hydraulic transmission
143

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

It results from this figure that the hydrostatic transmission ensures that the vehicle is driven at very
low speeds (0.5 ÷ 5 km / h) at an engine speed of 1250 rpm, located in the maximum efficiency
range. The mechanical transmission can not achieve low travel speeds in the efficient running
range of the thermal engine.
5. Numerical simulation of the multipurpose motor vehicles
The numerical simulation of the main parameters of the hydrostatic transmission has been
performed using the AMESIM simulation environment [8] [9]. The simulation schematic diagram is
shown in Figure 5.

Fig. 5. Simulation schematic diagram
Table 1: Components included in the simulation schematic diagram
1 Thermal engine
2.1 Mechanical speed reducer
2.2 Elastic couplings
3 Mechanical node
4 Variable flow pump
5 Compensation pump
6.1 User-defined signal source
7 Gain

8 Relief valve
9 Check valve
11 Hydraulic tank
12 Hydraulic motor
13 Transfer box
14 Multifunctional motor vehicle
15.1 Conversion of signal input into a force [N]
15.2 User-defined signal source

The charts resulting from numerical simulation are shown in Figure 6a and Figure 6b.

Fig. 6a. Variation of the main parameters of the simulated system
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Fig. 6b. Variation of the main parameters of the simulated system

After achieving the physical model and testing it, the results obtained by simulation will be
compared with the experimental ones.
6. Conclusions
For the energy efficiency of multifunctional vehicles in the very low speed technological operation
mode, the article proposes the solution of the implementation of a hydraulic transmission in the
kinematic chain of the truck's mechanical transmission.
Following the analysis of the proposed solution it can be concluded that the use of hydraulic
transmission in the technological travel regime has the following advantages:
A) The truck can achieve lower travel speeds than those it can achieve with mechanical
transmission;
B) The thermal engine operates in the maximum efficiency range even at these very low speeds.
The hydrostatic transmission ensures for the multifunctional vehicle operation performances that
the mechanical transmission can not achieve: very low travel speeds at the maximum energy
efficiency of the thermal motor.
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Confirmation of these conclusions and the results obtained by numerical simulation will be done
after the physical development and testing of the hydro-mechanical transmission model.
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Abstract: The characterization of a digital valve system is discussed in this paper. Four flow paths are used
to control a double acting cylinder independently by using parallel on/off valves, a path to control each side
of actuator, tank and pressure sides, each digital flow control unit (DFCU) consisting of five 2/2 on/off
valves. The aim of this paper is to discuss the energy efficiency of this system by combining the digital and
IMV systems. Flow capacities of valves are set according to binary coding which is to powers of two. The
pros of IMV and digital systems are combined to improve the hydraulic systems’ performance and to reduce
power consumption and losses. Moreover, a control system is implemented to best get advantage of IMV
and digital systems. Traditional proportional flow control valve has a spool to meter flow between the two
sides of cylinder, pump and tank, valve is only suitable for one application. In this system many applications
are suitable with different control techniques. An additional energy saving method which is the energy
efficiency using a variable displacement pump. The main points to be discussed, 1) IMV and digital hydraulic
advantages over traditional proportional system, 2) feasibility of combining all these energy saving methods
together. The aim is to implement an efficient system with the minimum power consumption and to select
the best control (won’t be discussed in this paper) to achieve it.
Keywords: Digital hydraulic, Independent Metering Valves, Energy saving, on/off valves

1. Introduction
The key idea is to use simple binary components and intelligent control algorithms to produce a
digital equivalent to the analogue proportional- or servo valve as discussed by Arto Laamanen et
al. [1].
The DVS (Digital Valve System) discussed in this paper consist of 4x5 on/off-valves which results
in 220 state combinations. Five valves give good enough controllability for most applications and
thus the total number of valves is typically 20. Independent metering valve realized by digital
control edges consisting of parallel connected on/off-valves. Flow areas of the control edges are
completely independent in the digital valve system and the valve system can implement different
control modes together with simultaneous velocity and pressure control [3]. In proportional valves
the spool geometry is normally in hardware and cannot be changed during operation, in digital
valve this can be done when all of the four control notches are independently controllable, the
valve is capable of changing the operation mode from inflow/outflow to differential mode, or vice
versa. Some of these modes are regenerative. Serial Connection, Kato and Oshima [5] introduced
the concept of the digital small stepping method and studied the effect pressure difference, volume
size, oil temperature and cycle frequency on the step size. Parallel connection, valves in parallel
give stepwise controllable velocity that yields higher maximum velocity, smaller pressure transients
and better accuracy [1].
Coding determines flow rates of valves of DFCUs expressed relative to the smallest valve. Some
coding schemes are binary coding (1, 2, 4, 8,16, … , 2N−1), Fibonacci coding (1, 1, 2, 3, 5, 8, … ,
PN−2+ PN−1) and Pulse Number Modulation (PNM) coding (1, 1, 1, 1, … , 1). The system in this
paper uses binary coding, the inary-coded DFCU is similar to DA converter and output has 2N
discrete values depending on which valves are open. On/off valves are not expensive, reliable, and
not affected by contamination and possibly zero leak. Independent metering reduces metering
losses and thus, energy consumption. Servo or proportional valves have good controllability but
they give many problems, such as cavitation (To avoid cavitation and good efficiency call SMISMO
control that is impossible with standard spool type valves), high power losses, sensitive to
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contamination and high price. The on/off control is associated with many negativities such as
noise, pressure rise, jerky motion and poor controllability motion control with slow-response valves,
improved idleness and reduced durability necessity, when compared to PWM way. The response
time is not critical in these applications and slow response is many times advantageous in order to
reduce pressure peaks, energy efficient motion control is possible with slow-response on/off,
valves Matti LINJAMA and Matti VILENIUS [2]. Plurality of similar components makes digital
systems redundant, for example, failure in single valve causes only a reduction in performance not
the system to fail or stop[4].
Digital components are also easier to optimize for performance because there are no requirements
for linearity or hysteresis. Digital component is either ON or OFF but nothing between. Challenges
of digital technology are large number of components and/or risk for jerky control. The control
problem of the digital valve system is: “Select the best possible control combination of the valves at
each sampling instant”. Two basic problems are how to define integrity of a control combination
and how to find the best one. Good controllability requires proper design together with sufficient
number of components or extremely fast components. Digital systems have always been more
expensive at the beginning but mass production has made them cheaper than analogue
counterparts. The control of traditional valves is simple because the control signal and spool
position are closely related. The drawback is that only predefined control modes are possible and
that pressure level cannot be adjusted because of the fixed ratio between flow areas [9].
In fixed displacement pumps the quantity of displaced flow by each pump shaft rotation cannot be
altered. The pump's displacement is changed by varying pump’s speed. Since industrial hydraulic
systems usually use invariable speed electric motors as main movers, fixed displacement pumps
do not find many applications. In case of fixed displacement pump, the actuators need changing
flow rates during operation so these pumps must be sized to deliver the maximum flow required.
But unfortunately, when less flow is required, the extra flow from these pumps must be dumped
over the system relief valve at maximum system pressure. This process converts the unnecessary
energy into heat. For this reason fixed displacement pumps should only be used in constant speed
applications or in systems where speed control is of short durations. Important issue is the best
use of available energy resources. Using energy-saving, variable displacement pumps has
contributed to overcoming that hydraulic systems are by structure not efficient. These variable
displacement pumps only give flow when needed and as required. Variable displacement pumps
cancel the need for flow control and pressure reducing valves.
It is necessary to use a separate control of the two fluid streams to minimize the throttling losses.
The independent metering valve (IMV) concept has lately attracted interest since IMV uses a mix
of multiple electro-hydraulic poppet valves (EHPV) and thus enables flow regeneration by
switching among several metering modes. Another feature of IMV that EHPVs constituting IMV are
electronically controlled contributes to energy efficiency through precise flow control and fast
response. Load-sensing hydraulics used in mobile machinery have very low efficiency could reach
low as 4% [6]. Successfully the energy losses of a wheel loader were reduced by using a digital
hydraulic valve system (DVS) as an alternative for traditional Load Sensing system [7]. More
efficient system could be attained by using pressurized tank line [8]. High performance digital
hydraulic force, velocity and position tracking control solution has been experimentally validated
[10].
2. Modeling and simulation
The system that will be discussed is depicted by the schematic diagram of fig.1
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Fig. 1 system schematic diagram

The model consists of four control paths; each includes five parallel connected on/off valves. A
variable displacement pump is used to help achieve the target high efficiency system, the metering
modes that are discrete metering modes where valves provide a flow path and switching to another
mode involves closing a valve and opening another to provide for a different flow path.
At constant load and fixed pump displacement, Low pump revolutions, velocity maximum actuator
and lowest energy when PA fully opened & BT fully opened, velocity minimum actuator with
highest energy at PA 2 opened & BT fully opened. Increasing pump revolutions, maximum velocity
actuator increases with same findings as highest energy at minimum velocity actuator at PA 2
opened & BT fully opened and lowest energy at PA fully opened & BT fully opened. At pump max
revs., maximum velocity actuator and lowest energy when PA fully opened & BT fully opened,
minimum velocity actuator with highest energy at PA 2 opened & BT fully opened. Minimum
velocity actuator not affected by pump revolutions as it remains constant regardless of pump rpm,
lowest energy at any state except lowest pump revs. as energy slightly lower. At low pump rpm,
maximum velocity of actuator could be achieved with three different states at same pump speed
but with higher power consumption when increasing throttling, all by valves’ switching.
Same actuator velocity could be achieved with different techniques at same pump speed as well as
different pump speeds using different valves’ switching. At same pump speed, highest actuator
velocity is achieved when all valves in upstream side are open and downstream side also opened
which mean highest pump flow rate, as long as upstream side DFCU’s valves are all opened pump
flow rate is max. at that pump speed but power consumption differs depending on downstream
side DFCU’s valves states. When pump speed increases, Vmax actuator increases and also pump
flow rate with less actuator stroke time.
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Fig. 2 Full system Matlab model

3. Discussion and results
Three cases are discussed in this paper. First case digital valve system with four DFCUs, second
case digital valve system same as first system but largest orifices have been removed to decrease
pressure drop over DFCUs, hence, power consumption decreased as a result, third system is a
common proportional valve system. The idea behind using separate meter-in separate meter-out
system (SMISMO) is achieving both pressure and velocity control. Velocity control by switching
outflow side DFCU’s valves and pressure compensation by inflow side DFCU’s valves switching.
All three following cases achieve same velocity and extension results to be able to compare
between them from different point of views.
The following figures show the power consumption (Y-axis) as function of time (X-axis) in different
states depicted by the following figures. The first figure, the digital valve system where all valves
are set according to binary coding as discussed before, shows highest power consumption of all
three states where the pressure drop is the highest as well. Second figure, depict same digital
valve system but with a modification that is, excluding the orifices in the fourth and fifth valves’
lines to decreases pressure drop, hence power consumption decreased as a consequence. Third
figure shows proportional valve system with lowest power consumption between the three states,
only small difference in comparing with no orifice digital valve system (system depicted by figure
2). Working on the efficient digital valve system which mentioned by second case, to get the most
out of SMISMO technique by first switching upstream valves pressure compensation is achieved
but power consumption slightly increased.
The digital valve system with separate metering shows a great potential of further lowering power
consumption even better than proportional valve system, by increasing number of parallel
connected on/off valves and selecting the best control to achieve optimum result and to get the
most advantages of this power saving digital valves system over the proportional valve system.
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Fig. 3 With orifices

Fig. 4 Without orifices

Fig. 5 Proportional Valve

A comparison table 1 is best to decide whether the digital valve system a potential power saving
method or not. All three systems achieve same stroke time with same load, which means same
target to select best system by least energy consuming. The table compares between the three
systems discussed previously from three points of view which are pressure difference over pump,
pressure difference over upstream DFCU or upstream side in case of proportional valve system,
and energy consumed.
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Table 1 : Comparison Table
System

dp_Pump
(bar)

dp_Valve
(bar)

Energy
consumed (KJ)

Digital Valve_1

20

3.6

3.8

Digital Valve_2

16.5

0.59

3.2

Proportional
Valve

17

0.85

3.3

By observing the comparison table, it is clear that at same conditions digital valve system_2
showed a great power saving potential and even better than proportional valve system, especially
by applying new control solutions will increase power saving greatly, which will be discussed in
next paper. This paper was mainly intended to study only mechanical behavior without any control
solution.
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Abstract: This paper presents a different approach to variation in force and speed of linear hydraulic motors
by using multiple-area digital linear hydraulic motors. The article presents multiple-area digital hydraulic
cylinder solutions, a stand solution for functional testing, schematic diagram and testing methodology for
multiple-area digital hydraulic cylinders.
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1. Introduction
Hydrostatic drive is a basic element of complex technologies that are used in the manufacturing,
servicing and maintenance industries, but also in many other industries. This technology,
according to ISO 5598, refers to the methods and equipment through which signals and energy are
conveyed, controlled and distributed by means of a pressurized fluid.
The general structure of a hydraulic drive system, in which energy types can be highlighted, is
shown in Figure 1. The thermal or electric energy is converted into hydraulic energy, transmitted to
a hydraulic motor, which converts it into mechanical work.

T= Rotative speed, Ω= Torque, P= Pressure, Q= Flow, F= Force, V= Speed

Fig. 1. The general structure of a hydraulic drive system [1]

The final element acting as actuator in a system is the hydraulic motor, which converts hydraulic
energy into mechanical energy, type rotative speed and torque (rotary motors) or force and speed
(linear motors). The task of performing a translation-rectilinear movement simultaneously with the
transmission of force is accomplished by a cylinder with a minimum of structural elements and high
power density.
The hydraulic cylinder is the most known equipment in the field of hydraulic drives, as it is also the
most widespread execution element of a drive installation and in most cases it is the starting point
for the design of the entire hydraulic installation.
The possibilities to vary force and speed along the stroke, as well as the possibilities of using
different gripping modes, combined with various levers and joints, make the hydraulic cylinder an
indispensable element in most machines and equipment involving hydraulic drives.
In terms of the way in which the drive is performed, namely the way in which the fluid acts on the
sides of the piston, power cylinders may be single or double acting.
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In terms of the ratio of rod diameter and piston diameter, they can be:
- cylinders with the diameter of the piston greater than the diameter of the rod;
- cylinders with piston diameter equal to that of the rod, that is cylinders with plunger pistons.
More recently, a branch of the Hydraulics studies new solutions for multiple-area digital hydraulic
cylinders.
2. Multiple-area digital hydraulic cylinders
Digital Hydraulics refers to systems that use binary components connected in parallel or switching
control elements which have certain discrete input values and can actively control the system. A
system is considered to be digital if it has at least one digitally controlled item.
A digital version for the active control of speed and force in a hydraulic system with constant
pressure and flow is the multiple-area digital hydraulic cylinder. The constructive solution is studied
in a large number of papers and it involves dividing the active surface of the piston into multiple
surfaces with equal areas or with values multiplied following well established rules (Fig. 3 c,d or e),
which are powered separately but also cumulatively, to achieve combinations of powered areas
with which an active speed or force control on the cylinder stem is obtained. Selecting
combinations of supplied areas ensures a relatively linear movement with variable speeds or loads,
with possibilities for active control but also secondary control (with energy recovery), thus meeting
the energy requirements of a hydraulic system.
The literature offers several examples of theoretical solutions for multiple-area cylinders:

(e)
Fig. 2. Examples of solutions for multiple-area cylinders
serial cylinders; b) inline cylinders; c),d),e) concentric area cylinders [3], [4]
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Driving of multiple-area cylinders can be done by using pairs of on / off devices, Fig. 3, or by
means of classic equipment, Fig. 4, depending on the system requirements.

Fig. 3. Driving of multiple-area cylinders by means of on / off devices [2]
LP= low pressure line, HP= high pressure line

Fig. 4. Driving of multiple-area cylinders by means of classic equipment [2]

A fundamental characteristic of parallel connected digital hydraulic systems is that the output is
quantified. The actual number of output values depends on the number of components and coding
method. There are several methods for coding the surfaces of a digital cylinder, but the most
important are:
 Surface is divided into surfaces of the same value - Modulation Number Pulse (PNM coding)
 The divided areas are in a ratio according to the binary series, 1: 2: 4: 8, etc.
 The divided areas are in a ratio according to the Fibonacci method, 1: 1: 2: 3: 5: 8: 13, etc.
All methods result in a step flow curve (graph), where step size is constant and inversely
proportional to the number of items used.
Of the three solutions, the lowest number of output values is obtained by using the method of
components of the same size, and the number of output values is N + 1. This method is known as
Modulation Pulse Number (PNM coding).
Another coding method is following a binary code (divided surfaces with area ratios 1: 2: 4: 8, etc.),
where each status combination gives a different output value. If the cylinder has "n" divided
surfaces, each having two statuses (to pressure or to the tank), the total number of status
combinations is
. Each of the status combinations can give a different output in the system
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and thus the maximum number of output values is equal to the number of status combinations.
Fibonacci coding is a method between the PNM and the binary coding.[5]
The team of specialists within INOE 2000-IHP has filed two patent applications for two digital
hydraulic cylinder solutions: one solution (Fig. 5) which involves dividing the piston area into three
concentric areas multiplied binary [6], technically and technologically feasible, and the other
solution (Fig. 9), compact, which involves dividing the piston area into nine equal areas [8],
symmetrically arranged around the axis of the main piston. Also, there have been developed within
the "Nucleu" project [7] several technical solutions for digital hydraulic cylinders with concentric
areas multiplied binary.

Fig. 5. Patented solution for a digital hydraulic cylinder with three binary coded areas [6]

Fig. 6. Solution for a digital hydraulic cylinder with four binary coded areas [7]

Fig. 7. Solution for a digital hydraulic cylinder with five binary coded areas [7]

Fig. 8. Solution for a digital hydraulic cylinder with six binary coded areas [7]

Fig. 9. Patented solution for a digital hydraulic cylinder with nine equal areas, PNM coding [7], [8]
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3. Hydraulic digital cylinder test diagram and procedure
As a technical means of measuring the quality of digital hydraulic cylinders there is used the
hydraulic stand shown in Fig. 10, which is able to provide the test conditions required for subjecting
the digital hydraulic cylinders to functional tests and determination of the technical designed
characteristics.

Fig. 10. Diagram of digital hydraulic cylinder test stand
Caption:
CHD- Digital Hydraulic Cylinder
CS- Load Cylinder
TF- Force Transducer
TD- Displacement Transducer
SP- Pressure Valves
GP- Pumping Unit
ST- Test Stand
E1-4 – Electromagnets

Because of dividing of their active area, multiple-area cylinders cannot be tested according to
standard methodology; that is why it is necessary to conceive a set of tests inspired from the
mentioned methodology, through which to verify the technical characteristics designed and
demonstrate the basic idea that at constant pressure and flow supply there are achieved (by
selecting combinations of areas), at the digital hydraulic cylinder rod, actively controlled force and
speed values, repeatable according to specified graphs.
Testing is conducted on a specialized device, as depicted in Fig. 11, composed of:
- load cylinder (1) which creates the simulated load;
- force transducer (2), for active control of the force adjusted to the cylinder under testing;
- displacement transducer (3) for active control of the speed adjusted to the cylinder under testing;
- frame (4).
The two transducers also enable data acquisition.
157

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

Fig. 11. Multiple-area cylinder test device [7]

The stand consists of a frame (4) which allows direct grip or attachment through an adaptive flange
of a wider range of digital hydraulic cylinder.
Between the rods of the two cylinders there is positioned the force transducer (2), and the position
transducer (3) is fixed on the side. The data control and acquisition system is located next to it.
Configuration of the connection of the control components and configuration of hydraulic
connections will vary depending on the type of cylinders under tests and the test to be performed,
according to the testing methodology presented below.
Testing of multiple-area digital cylinders at variable forces and speeds with constant pressure and
flow is done by selecting combinations of surfaces.
The successive sequences of the tests are as follows [9]:
- re-check that the stand and the equipment mounted on it correspond to the mounting diagram;
- check exterior tightness;
- check interior tightness;
- check starting pressure and minimum idling pressure;
- force tests are carried out; F=f(Ai) at constant pressure;
- speed tests are carried out; V=f(Ai) at constant flow.
The tests on digital hydraulic cylinders are performed as follows:
Checking of the exterior tightness is performed to the test pressure of:
- pmin
- 0.5 pn, but no more than 50 bar
- 1.25-1.5 pn, but no more than 1.1 pmax.
after performing five double strokes at the minimum speed (all areas are active).
During the tests, to the outside of the cylinder behind the sealing and scraping system no visible oil
traces shall occur which increase over time. It is admissible an oil film under the condition of not
agglomerating in the form of drops on the piston rod. The result of the measurements is listed on
the test data sheet.
Checking of the interior tightness is usually done in the extreme positions of the piston and in
three to five intermediate points located equidistant along the entire stroke of the piston at the test
pressure pi= 1.25-1.5 pn but no more than 1.1 pmax,, for 1 minute for each area of the multiple-area
cylinder. For the 3-area cylinder commands corresponding to the control code 1,2 and 4 are
executed, and for the 5-area cylinder commands corresponding to the control code 1,2,4,8 and 16
are executed; the control codes are listed in the command cyclogram of each of the cylinders.
For each position the internal losses are estimated by reading the indications of the stroke
transducer (or comparator) for 1 min. Displacement of the rod is not admissible. The measurement
result is added to the test sheet.
Checking of the minimum pressure for uniform and shock-free movement of the piston and
checking of the starting pressure are done in idling. The working chambers are filled with oil at
the ambient temperature at which the test is carried out and kinematic viscosity v=35 cSt. All
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surfaces of the multiple-area cylinder are connected to a source of oil under pressure according to
the test diagram. There is recorded the lowest pressure at which the piston displacement with
minimum speed occurs and also the pressure for which the piston has a smooth motion without
shocks for each surface of the multiple-area cylinder but also on all the summed surfaces, over the
entire length of the stroke. For the 3-area cylinder commands corresponding to the control code
1,2,4 and 7 are executed, and for the 5-area cylinder commands corresponding to the control code
1,2,4,8,16 and 31 are executed; the control codes are listed in the command cyclogram of each of
the two cylinders. Uniformity of the piston displacement speed is checked by means of a recorder.
The measurement result is added to the test sheet.
Checking of the thrust force is made at constant pressure by selecting combinations of sections
of the multiple-area digital cylinder, over the entire length of the stroke. Force is measured by
means of force transducers with precision class of at least 1 on a stroke sector corresponding to
pressure and force stabilization. The resistance-type load is created by means of a hydraulic
cylinder powered by a separate hydraulic installation, low pressure, and it can be continuously
varied through the adjustable pressure valve. Measurement is made to determine the force
variation depending on the combination of selected areas, F=f(Ai) at constant pressure. Check
commands are made according to the command cyclogram, successively for all combinations
along the advance rod stroke. The measurement result is listed on the test sheet and compared to
the expected result.
Checking of the piston speed is made at constant flow; the displacement must be carried out
under load, smoothly and without shocks over the entire length of the stroke. Verification is done
for each combination of surfaces of the multiple-area cylinder but also on all the summed surfaces,
along the advance rod stroke. Measurement is made to determine the speed variation depending
on the combination of selected areas, V=f(Ai) at constant flow. Check commands are made
according to the command cyclogram. The measurement result is listed on the test sheet and
compared to the expected result.
The command cyclogram to plot the graph of F=f(Ai), at p=ct and V=f(Ai), at q=ct for a three-area
CHD: F corresponds to the force obtained with the smallest area at constant pressure, and V
corresponds to the speed achieved with constant flow for the smallest section.
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Fig. 12. The command cyclogram [7]
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1. Expected results for rod advance:
a) For: F=f(Ai)
F=P x S

Force

Where: F- Force; P-Pressure (constant); S-Surface (variable)
We obtain the proportional force corresponding to the command code.
9
8
7
6
5
4
3
2
1
0

Series1
Linear (Series1)

0

5

10

Command
Fig. 13. Expected results for rod advance (1) [7]

b) For: V=f(Ai)
V
Where: V- Speed; Q- Flow (constant); S-Surface (variable)
We obtain the proportional speed corresponding to the command code.
1.2
1

Speed

0.8
0.6

Series1

0.4

Linear (Series1)

0.2
0
-0.2

0

2

4

6

8

Command

Fig. 14. Expected results for rod advance (2) [7]
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2. Expected results for energy recovery in the case of retraction with external load (secondary
adjustment):
a) For force
0.5
0
-6

-4

-2

-0.5

0

Force

-1
-1.5

Series1

-2

Linear (Series1)

-2.5
-3
-3.5
-4

Command

Fig. 15. Expected results for rod retraction (1) [7]

b) For speed
0
-6

-4

-2

0
-50

Speed

-100
Series1
-150

Linear (Series1)

-200

Command

-250

Fig. 16. Expected results for rod retraction (2) [7]

The tests will be performed according to the testing methodology for multiple-area digital cylinders,
using the stand, testing diagrams, and control system codes. The data will be acquired and a test
report for the tests performed will be elaborated. The aim will be to demonstrate the idea that the
digital hydraulic cylinder is supplied with constant pressure and flow and there are obtained
variable forces and speeds, controllable by selecting surface combinations according to the
command cyclogram for tracing the graphs of F=f(Ai), at p=ct and V=f(Ai), at q=ct.
4. Conclusions
The basic idea in promoting and implementing digital hydraulic cylinders is to replace the
expensive and sensitive servo cylinders by multiple-area cylinders with an assembly of multiple
on/off directional control valves, which are cheap and reliable. Digital technology has the potential
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to create cheaper, more energy-efficient and more reliable hydraulic systems, but a decisive role
will be played by research and technological development in the field. For the digital hydraulic
cylinder segment the challenge lies in developing simple, technologically achievable, more
compact and cheaper technical solutions. The emergence of experimental models of multiple-area
digital hydraulic cylinders required the establishment of a functional testing methodology and their
testing diagrams and this paper tries to meet this requirement.
Over the next period, cost reductions and increased energy efficiency will be dominant as success
factors for any industry. Currently, the hydraulics industry is not fit to meet these requirements:
classic hydraulic systems and components are rather expensive and energy-inefficient. Correct
dimensioning and choosing the best technical and economic solutions could make the hydraulic
systems the fastest and most efficient form of power transmission. Energy savings resulting from
the implementation of digital hydraulic solutions can improve the technical and economic
performance of the technology lines in which they are used, reflecting ultimately in the execution
price of the products put on the market. At the same time, through energy savings and efficient use
of resources, they contribute to the foundations of sustainable development [10].
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Abstract: The work present the stress state analyzes in an aluminum coupling bar for the rear axle of the
Mercedes Benz S320 model W140 car, with mass of 2500 kg, by using the finite element method and the
program ANSYS. The results obtained by ruling the program lead to the conclusion that at the inferior part of the
coupling bar curvature, the tension does not overcome 80 MPa which corresponds from the point of view of the
car safety, because the value is smaller than the yield point of the material.
Keywords: aluminium alloy, coupling bar, stress

1. Introduction
The use of light alloys, such as those based on aluminum, gain more and more ground in modern
technology because their advantages, such as: small unit weight, good cast ability and easy to be
work out [1], [2]. The essential characteristics of a rear axle are the compactness and the ability to
maintain the vehicle stability. The role to maintain the wheels in permanent contact with the ground
remain for the suspension and the axle [3]. To meet the above requirements, for luxury cars were
adopted independent axles, allowing for each wheel to oscillate independent from the other ones.
By the number of coupling rods (in our case 4) and their disposal, it was assured the desired
comfort and stability as well as the reduction of the undesired liberty degrees for the wheels. By
eliminating the mentioned negative effects, the movement of the car runs without perturbations,
and the passengers have the sensation of “floating” over the road.
2. Researched material
The analyzed rod is a component of the Mercedes Benz S320 rear axle which, together with the
steering knuckle sustains the car body fig. 1, position 92.

Fig. 1. The scheme of rear axle ensemble
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The material from which the rod is manufactured is an aluminum alloy AlZn5.5MnCu with the
following mecanical characteristics, determined in the Timisoara Polytechnic University Laboratory
for Material Strength:
- Elastic module:
- Coefficient of transverse contraction:
- Yield limit:
- Fracture strength:
- Breaking tenacity:
3. Tension state analyze with FEM

φ 42

φ 56

The stress state analysis can be done by one of the following methods: analytical, numerical, and
experimental [4, 5, 6, 7]. On a large scale is used the Finite Element Method (FEM) which, even
providing approximate numeric solutions, is very accurate and the results are close to the real
ones. The shape and dimensions of the aluminum rod is presented in fig. 2.

Thickness 15

R60

φ 56

R56

R190

φ 42

30

R90

390
Fig. 2. The rod constructive solution

The rod numeric analyze was realized with the ANSYS FEM program [8]. For an accurate
modeling of the load transmitted to the rod, we consider that it is realized through a bolt with
distributed load. In conformity with [4] the load definition was done on the half of the orifice surface,
being
(zero) for the extremities and
for the middle, fig. 3, and the maximum value is
obtained with the relation (1).

R
Fig. 3. Scheme of the load distribution

(1)
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where:
F = the transmited force
R = radius of rod
t = rod thickness
The finite element meshing, fig. 4 was realized with 1872 SOLID elements, having 107703 finite
elements nodes.

Fig. 4. Finite element meshing

The rod is mounted on the rear axle by two pins introduced in the fixing holes and the bearing
conditions are presented in fig. 5.

Fig. 5. Bearing conditions
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Running the computation program there were obtained the normal stresses after the three
orthogonal directions
, which are presented in fig. 6.

6a) Ox axes normal stresses

6b) Oy axes normal stresses
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6c) Oz normal stresses

6d) Von Misses stresses
Fig. 6. Normal stresses and Equivalent (von-Mises) stress
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The FEM analyze of the stress by using the ANSIS program, for the rear axle coupling bar of the
Merced Benz S320 car, model WDB 140, gave the values presented Tab. 1.
Table 1: Numerical values of the stresses induced in the rod
Stress type

Measurement unit

Value

Normal

[MPa]

76,12

Normal

[MPa]

36,10

Normal

[MPa]

12,50

Normal

[MPa]

79,68

From the data presented in Table 1 we can see that all the values are below the material
characteristics, for both the flow limit (Rp 0.2 = 495 MPa) and, of course the fracture strength (Rm =
574 MPa).
4. Conclusions
- The finite element method permit the determination of the stresses
which
allow to compute the principal tensions
for the plan state of stresses and the
displacements
for the plan state of deformations.
- The application of the program for the analyze, using the ANSYS finite element method, in the
study of the stress state for the rod of the car vehicles allow to determine both the critical points
and also other values of the stresses occurring during the running.
- The FEM analyze of the model rod, used in the rear axle of Mercedes Benz S320 model W140
car show that theoretically there are fulfilled all the running condition as well as the running safety
- However, the coupling bar degradation is sometimes possible as the result of either fatigue or
when important shocks occur during the car running.
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Abstract: The article presents some research conducted in the Hydraulics and Pneumatics Research
Institute INOE 2000-IHP, Romania, regarding the experimental determination of the frictional forces that
occur when switching hydraulic distributors used in hydrostatic drives. In the first part of the paper, there are
presented some theoretical considerations on the possibility of assessing the frictional forces that needed to
be known, to be overcome in switching process by the actuating mechanism, in order to change the direction
of fluid flow. In the second part, the paper presents some experimental results obtained in the laboratory,
which emphasize not only the value of these frictional forces, but also the dynamics of switching process of
the hydraulic distributors.
Keywords: Tribology, dynamic seals, frictional forces, viscous frictional forces, hydrostatic drive, testing
bench, working fluid.

1. Introduction
In the structure of hydrostatic drive systems, in addition to the hydrostatic pumps and motors, an
important role is played by elements directing the flow of pressurized fluid, currently known as the
directional control valves. For carrying out the process of directing fluid under pressure or to stop it,
it is required a certain way to generate the switching force of the spool valve, force that can be
generated: in a manual, hydraulic, pneumatic, electric way etc.
The force required for switching / moving the spool of directional valve includes several types of
forces and it depends on several factors, namely: working pressure, flow conveying through, speed
of the fluid through the directional valve, fluid viscosity (viscous friction), dry friction (Coulomb)
coefficient etc. Generally, a directional valve, Figure 1, comprises the following major components:
body of the directional valve (1), spool (2), compression springs (3), and depending on the drive
various subparts are attached, for example two electromagnets (4) or a drive mechanism (5) [1].
The spool (or distributor) is the mobile element that connects the inlet port (P) to the outlet ports (A,
B); the outlets, and in some versions also P, are also connected to the tank (outlet port T).
There are directional valves with 2, 3 or 4 ports or ways, and 2 or 3 working positions (e.g. 4/2,
4/3). During the switching operation, which is performed by the movement of spool, the drive
mechanism (actuating mechanism) must develop the force necessary to overcome the resistance
forces. That's why, it is very important to determine the resistance forces in both theoretical and
the experimental way, especially when a drive electromagnet must be designed.
It is known that single stage directional valves are preferred because they are cheaper and most
reliable, but increasing the rated size of coils / solenoids, electric actuators, they no longer cope,
no longer develop the force required to switch spool, so for large sizes, i.e. high flow rates, there
are preferred multistage directional valves [2].
The article presents theoretical considerations concerning the determination of resistance friction
forces, and in the second part we present an experimental research that led to the determination of
resistance forces when switching the directional control valve from a working position to another.
2. Some aspects regarding the determining of the frictional forces
Switching the hydraulic directional control valve from one position to another, for example, to
achieve the flowing of the fluid Q under the pressure p transmitted by the pump through the port P
to the hydraulic consumer connected to the port A of the directional valve where the flow rate Q1
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reaches, as a low flow rate qa drains through metal-to-metal seal of spool, as shown in Figure 2,
the actuator must develop an axial force Fax at least equal to or greater than the sum of forces
opposing the movement of spool [3].

Fig. 1. Components of one hydraulic distributor [1]

Fig. 2. The fluid flow when switching spool

From Figure 2, it can be noted that, in addition to the dynamic forces related to the spool
movement, of mass m, it entrains a quantity of fluid that is on the length, L between the ports P and
A, which varies over time, and a frictional viscous force which depends on the speed of movement
v and the viscous friction coefficient f. In addition to these dynamic forces that vary over time, there
also occur static forces represented by the force in the spring which varies with spool stroke x an
spring constant r, and also the hydrodynamic force of the flow of fluid stream through the
distributor.
In addition to the forces considered, in spool switching there also occur others; more significant is
the bonding force, commonly called stick-slip, which is important to the long stay of the spool on a
certain position. Stick-slip is the spontaneous jerking motion that can occur while two objects are
sliding over each other, with a corresponding change in the force of friction.
If the directional valve is left to stand under pressure for a few moments, in the next switching the
stick-slip phenomenon occurs, which results in a higher than the normal operating resistance.
This additional resistive force disappears after several successive switching operations of the
directional valve. This force can create discontinuity of the spool movement, respectively of the
supplied flow, and finally discontinuity of the hydraulically driven working velocity of machine.
But these bonding forces are difficult to assess, so it is necessary to experimentally determine total
resistance forces that occur when switching the spool of hydraulic distributors.
Such an experimental determination is shown in the following.
3. Experimental research infrastructure presentation
In order to determine the total resistance forces occurring during operation of directional valves,
there has been designed and developed an experimental device, able to simulate, in the
laboratory, the real operating conditions of a directional valve.
This device has been installed on a test bench arranged with help of some components existing in
the laboratory, capable of generating the working fluid on the pressure and, also, a working device
to assure the working load.
3.1. Constructive principle of the experimental device
The principle at the basis of developing the experimental device has consisted in using a manual
directional control valve, being in the current manufacturing of company REXROTH BOSCH
GROUP, from its market documents [4], shown in Figure 3.
The basic idea used is that, in order to measure the resistant forces in switching of hydraulic
directional valves, there should be used for switching the original actuating mechanism, and
between the actuating mechanism and the directional valve spool there should be interposed a
force transducer.
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3.2. Presentation of the experimental device
For the physical development of the experimental device for measuring the forces of total
resistance, which occur in switching of hydraulic directional control valves there has been designed
a constructive solution which was based on the use of a hydraulic directional control valve with
manual control, of the size 10, existing in the Laboratory of Tribology of INOE 2000-IHP, shown in
Figure 4. In order to achieve the device there has been detached body of the directional control
valve (1a) from the mechanism for manual control (1b), for placing a force transducer FT on the
axis of the directional valve spool, on the one hand, and, on the other hand, for performing
actuation of directional control valve during tests precisely with the original control mechanism of
the directional valve.

Fig. 3. Manual directional control valves [4].

Fig. 4. Layout of experimental device for measuring
switching forces

For connecting / coupling the two parts of the main directional control valve, 1a and 1b, there were
used four threaded rods (2) which replaced the original screws, thus achieving a space between
the two parts of the main directional control valve. In this way, the possibility is created to insert, by
means of threaded sleeves (3), a force transducer (4), between the control rods of the directional
valve spool. To measure the stroke achieved by the spool, a rigid blade (5) is attached to the force
transducer (4), which drives the rod of a potentiometric stroke transducer (6) which is fixed to the
body of the directional valve by a supporting plate (7). The directional control valve is mounted by
means of screws, on a compatible distribution plate (8) which is placed on another supporting plate
(9). From the ports A and B of the distribution plate (8), pressurized fluid passes via two manifolds
(11) and (12), to the gauges (13) allowing direct reading of the pressure, and also to the pressure
transducers (14), by which pressure variations are acquired by the computer system, and through
the flexible hoses /piping (15), the fluid reaches the hydraulic motor actuated by the directional
valve drive.
Physical development of the test device is shown in Figure 5, where one can see the actual
technical solutions for developing it.

Fig. 5. Physical development of the test device
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3.3. Presentation of the experimental stand
To conduct the experimental research in order to determine the hydraulic resistance forces when
switching directional valves, in the Laboratory of Tribology of INOE 2000-IHP there was arranged a
test stand, in accordance with the diagram shown in Figure 6.

Fig. 6. Concept diagram for arranging the experimental stand

Besides the experimental device ED which contains a force transducer FT, a stroke /displacement
transducer ST, two pressure transducers PTA and PTB, and two manometers MA and MB, the
stand also includes a hydraulic mini-station for generating pressurized fluid HG, a rotating
mechanism RM driven by a rotating hydraulic motor RHM and a system for data acquisition and
processing ITS, consisting of a data acquisition board DAQ, National Instruments type, and a PC
type computer. The hydraulic generator GD is composed of a gear pump P driven by an electric
motor EM, and assisted by a pressure limiting valve LPV, a check valve CV and a manual
directional valve MDV through which pressurized fluid is sent to the ports A or B of the test device,
and from here, through the throttles TDA and TDV, it reaches the rotating hydraulic motor RHM.
Figure 7 presents an overview of the experimental stand, and in Figure 8 one can see in detail the
data acquisition and IT system.

Fig. 7. Overview of the experimental stand

Fig. 8. View of the IT system

By means of special electric cables all signals provided by transducers reach the acquisition board
installed on the computer, and this one, based on specialized software, allows capturing, storage
and processing of the measured data.
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4. Some experimental results presentation
In order to measure and record the variation of total resistance forces which occur on the spool of
the directional spool valves, there has been conducted experimental research which led to
obtaining a lot of graphical experimental results; some of them are presented bellow.
The object subjected to an experimental research was a hydraulic directional spool valve, directly
operated, with manual actuation, size 10, manufactured by Rexroth Bosch Group, code 4 WMM 10
J 31/, which is a four-way distributor, with three operating positions, the central position providing
communication of ports A and B to the tank T and the pump port P, closed, [5].
To this end, there has been necessary to set the parameters of interest and define a testing
methodology.
Regarding the switching process in hydraulic directional spool valves, parameters of interest are:
- spool stroke x, measured by the stroke transducer ST in Figure 6, item 6 in Figure 4;
- resistive force Fax that opposes the spool movement, which is measured by the force transducer
FT in Figure 6, item 4 in Figure 4;
- pressure at the port A, pA, which occurs when opening the port A, measured by the pressure
transducer PTA in Figure 6, item 14 in Figure 4;
- pressure at the port B, pB, which occurs when opening the port B, measured by the pressure
transducer PTB in Figure 6, item 14 in Figure 4.
4.1 The test methodology
The test methodology consists of the following sequence:
- Start the PC computer systems and launch the data acquisition and processing software;
- Adjust, at the pressure limiting valve LPV in Figure 6, the desired pressure;
- Manually control the directional valve MDV in Figure 6, which opens the way for the pressurized
fluid to the port P of the experimental device ED;
- Activate the data acquisition software;
- Manually control the tested directional valve DSV to open ways / ports, A and / or B for supplying
the rotating hydraulic motor RHM, which begins to rotate the mechanism in one direction or the
other. The command is for a specified duration of tens of seconds, about a minute to a full cycle of
control, which requires opening one at a time, both ports A and B;
- Stop data acquisition at the end of the control stroke of the directional control valve;
- Save the data acquired in the computer memory;
- Display and analyze the graphs of variation of parameters of interest;
- Repeat the sequences to get 2-3 records in the same case for a certain level of pressure;
- Repeat the sequences for other pressure levels;
- Stop PC computer system and end the testing session.
Following the developed experimental research, there have been obtained a lot of complete sets of
experimental results, for 4 steps of pressure: 25 bar, 50 bar, 75 bar and 100 bar. For each
pressure step, each measurement having 3 complete working cycles, for each half of cycle 3
determination, which means 6 determination and, also, for each quarter of cycle 3 determination,
which means 12 determination. In total, there were 21 experimental determinations for each
pressure step. For 4 pressure steps there were obtained 4x21 = 84 determinations.
One example of one complex graphic obtained is presented in Figure 9.
4.2 Analysis of the graphs obtained
After analyzing complex graphs obtained there were drawn some important conclusions, namely:
- graphs of variation of each parameter of interest have a logical progression, normal and
repeatable;
- pressure values correspond to those directly read on the gauges MA and MB. They are slightly
lower than the pressure values set at pressure limiting valve LPV because of pressure losses /
drops along rotating hydraulic motor RHM circuits;
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Stroke [mm]

Pressure A [bar]

- the overall shape of the graph of spool stroke corresponds to a full work cycle in the drive /
control mechanism with positive or negative values corresponding to the direction of movement of
the control handle. Imperfections, small variations on the graph are due solely to the uneven
manual drive by the human operator;
- the graph of resistance forces at spool is variable from one quarter of cycle of work to another,
and also along individual quarter of cycle of work, but the differences between the maximum and
minimum values are not very high, being in the range of (0-50) N, where it is admissible;

c)

Force [N]

Pressure B [bar]

a)

b)

d)

Fig. 9. Complex graphs for pressure step of 50 bar

- with the exception of the peaks, mean values of the resistance forces over a quarter of a stroke,
are within the range (20 - 30) N [5], when extending the spool, and within the range (30 - 40) N,
when compressing the spool, respectively the force transducer, which seems logical and
corresponds to the recommendations in the literature [6];
- from a comparative analysis of graphs of variation of the resistant forces for the four pressure
levels, no significant differences appear in proportion to the increase of pressure value. This may
be due to internal balances based on special profiles of surfaces of elements in relative motion.
5. Conclusion
In the paper there are presented the research infrastructure and the results obtained following the
development of an experimental research, on assessment of total resistance forces occurring in
switching process of a directional spool valve.
Following the design and development of an experimental device and a testing stand, there have
been obtained several complex numerical data and variation graphs for the parameters of interest,
which enabled assessment of resistance forces, which occur during the switching process of the
directional spool valves.
After analyzing numerical data and graphs obtained, it was concluded that the graphs of variation
of parameters of interest, especially resistive force, have a normal form, and the mean values of
them fall in a range of values close to the values mentioned in technical literature of reference [5].
Another important conclusion is that we cannot talk about a significant variation in the resisting
forces with increasing working pressure, the pressure having a reduced influence on the switching
force.
Through the numerical results and graphics, and especially through the conclusions reached
following comparative analysis, this paper has special scientific and technical value and further
research is required.
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Abstract: This paper presents a PID controller for water hydraulic servo motor systems. Ziegler-Nichols
method estimates the control parameters of the controller. Even though the highly nonlinear nature of water
hydraulic servo motor systems makes the implementation of this controller a challenge with the help of
linearization techniques it is been successful in controlling the system. Ease of use and simplicity are two big
advantages of this control method in hydraulic servo motor systems.
Keywords: PID, Ziegler-Nichols, hydraulic servo motor systems.

1. Introduction
Water hydraulic servo motor systems are getting increasingly common in industrial use every day
mostly thanks to their eco-friendly nature. Since the system uses water as the fluid it’s clean, easily
available and safe since water is a non-combustible liquid. Another advantage of water based
hydraulic systems over their oil based counterparts is better responsiveness of the hydraulic
system. But that does not mean that it has no disadvantages. Firstly, the system is highly nonlinear
also higher friction at lower motor speeds is a disadvantage. These advantages limit the viability of
water based hydraulic systems. To overcome these disadvantages different control techniques are
used on these systems. For example a gain scheduling PID controller is proposed in [1]. Sliding
mode control with disturbance observer is used in [2]. PID funnel control with future distance
estimation is used in [3]. An adaptive pressure controller for hydraulic servo motor systems is
designed in [4]. A simple adaptive control application is proposed in [5]. A PID controller, whose
parameters are determined by genetic algorithm could be seen in [6]. In [7], an adaptive neural
controller is designed for the velocity of the system via feedback linearization.
2. System Model
The system model of the water hydraulic servo motor system is shown in figure 1.

Fig. 1. Water hydraulic servo motor system [1]
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The system has basic elements. There is a flywheel which is attached to a servo motor that
generates the outputs. The outputs of the system are rotational θ(t) angle and spool displacement
of xv(t) servo valve. The goal of this paper is to control these outputs by using a PID controller.
The mathematical model of the system is obtained by making few assumptions first. There are no
external leakage from the servo valve and the motor, there are no overlap between the valve body
and the spool, spool displacement is linear to the input voltage applied to the servo amplifier, The
density and the viscosity of the medium are assumed constant. Also the motor displacement and
supply pressure are assumed as constant too [1]. Only after these assumptions the following
equations could be obtained. As seen in the figure 1 our outputs are θ(t) angle and xv(t) servo
valve displacement. By controlling the θ(t) angle or θ˙(t)/ω(t) speed with control signal u(t) we can
control the spool displacement of servo valve.
The xv(t) is regarded to u(t) as follows where kv and τv are gain and time constants.

 v xv  t   xv  t   kvu  t 

(1)

In order to obtain load discharge flow, equations at below is used.

PL  P1  P2
QL 

Q1  Q2 kq xve

2
2

(2)
(3)

Ps  Pr  sign  xve  PL

By using these equations, the system is linearized so a PID controller can be used. Where (PL) is
load pressure and flow-gain coefficients related to the servo valves are assumed to be
kq  kq1  kq 2 . After determining k x , k p values the load discharge flow equation is as follows:

QL  kx xve  k p PL

QL 

(4)

V0
D
PL  M 
2E
2

(5)

Because of the previous assumptions for linearization of the system now the system output xve
is now directly related to the control signal u(t) as shown in xve  t   kvu  t  equation. By using
these equations, we can obtain the transfer function as below:

K d  (0.6* Kcr * Tcr ) / 8  0.00462

 t 
u t 



 ED

M

(6)

kv k x  V0 I fw 

s 3   EDM2 2 2V0 I fw  s 2   2 Ek p V0  s

The values of the system is as shown below in the table:
Table 1: The values of parameters for the tank system
Parameter

Symbol

Valve time-constant

v

Servo gain

kv

177

Value
0.02 s
1.153x10-4 m/V

(7)
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Table 1: The values of parameters for the tank system (continued)
Parameter

Symbol

Value

Right valve dead zone

br

0.3x10-4 m

Left valv deead zone

bl

0.4x10-4 m

Discharge coefficient

Cd

0.61

Bulk modulus

E

2.2x109 Pa

Displacement volume of motor

DM

15x10-6 m3

Leakage coefficient

CLi

10-12 m3/s Pa

The moment of inertia for
flywheel

Ifw

4.5 kgm2

Volume of pipe

V0

5x10-2 m3

Flow gain coefficients

kq1 = kq2

0.858X10-3 m2/√Pas

3. Controller Design
PID control method will be used as the controller for this plant. PID controller is a simple yet
effective control method. In order to control a system with PID controller first control constants shall
be determined. There are many methods for determining these constant, the method that is used
in this paper is Ziegler-Nichols method. This method follows four step to determine these
parameters, these steps are as follows:
1 Turn off the I-term and the D-term in the controller. This can be done by setting the reset time to
"infinite" and the derivative time to 0.
2 Turn Kp =Kp-0, and the increase it slowly, while you are looking at the controllable variable (y) or some times better - the output of the controller, u. Increase KP until the output exhibits sustained
oscillations.
3 At this "quasi steady-state" point you have the critical gain, called KP,crit, and a given period of
time, Tcrit
4 Then you should turn on the I- and D-term by using the following values, see the table below:
Ziegler-Nichols Method
Control Type

Kp

Ki

Kd

P

0.5Kcr

-

-

PI

0.45Kcr

KpTcr/1.2

-

PID

0.6Kcr

KpPcr/2

KpPcr/8

The first value that must be obtained is Kcr in order to obtain this value the system is driven by only
the P controller, the controller constant of this controller gets increased slowly until the system
reaches persistent oscillation. After obtaining the Kcr value the period between oscillations is also
calculated than the PID constants are obtained by using the chart above. For the system that is
modeled in this paper the obtained values are:

Kcr  0.28
Tcr  0.22
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Fig. 2. Step response for Kcr

K p  0.6* Kcr  0.168

Ki  1.2*( Kcr / Tcr )  1.527
Kd  (0.6* Kcr *Tcr ) / 8  0.00462

Fig. 3. Constant response after PID tuning.

4. Conclusions
This paper presents a PID controller for water hydraulic servo motor systems. The controller
parameters were determined with Ziegler-Nichols method. This easy and basic controller could be
used in water hydraulic servo motor systems in future with ease of use and hopefully increase
usage in industry.
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Abstract: The article presents a new category of technological equipments used to remove the fallen snow
on the public urban spaces such as parking, airport runways, public roads and private spaces. It shows the
principle of operation, structure and performance of such equipments, currently called snow melters, which
actually are an alternative to the classic snow removal solution by transporting it to predestined locations,
usually at long distances, which offers certain advantages, especially in terms of speed of decongestion of
traffic, but also the interface with the environment, the removal of snow beeing an ecological process.
Keywords: Snow melters, mobile snow melters, stationary snow melters, urban snow melters, self-propelled
snow melters, trailed snow melters

1. Introduction
Snow melters are machines equipped with either electric heating systems or diesel, or gas burners
that melt snow for the purpose of removing it from crowded urban areas, airports, parking malls
and hypermarkets, parking facilities for hospitals, public institutions, business or exhibition centers,
private spaces etc.
They represent an alternative to the classic snow removal solution by the transport with trucks
outside of the localities and have a number of advantages such as: quick unlocking of the
carriageway and the parking spaces, decongesting car traffic and deploying it safely, ecological
snow removal by controlled discharge water. The water from snow melting is coarsely filtered and
then discharged into the public sewer /rainwater collection system and from there to the treatment
plant where it is decanted and then filtered.
Snow melting equipments may be self-propelled or semi-mobile. The semi-mobiles can be
transported to various work points by fitting them on a trailed platform, and these are the usually of
large capacity (18 ... 300 t /hour); are used to decongest large areas of urban agglomerations
(roads, car parks etc.) or to airport runways when rapid release of functional spaces is required.
The self-propelled ones are truck type and have lower capacities (3 ... 15 t /hour); are used in
specific objectives of local units (parking of public institutions, hospitals, etc.).
The most famous manufacturing companies come from the USA and Canada: Snow Removal
Systems [1], Snow Dragon [2], Trecan Combustion Limited [3], [4], Michigan Melters [5], and Aero
Snow Removal Corp [6] and they have numerous models with snow melting capacities ranging
from a few tons and up to 300 t /h and even more.
2. Technical solutions applied by construction companies
Generally, snow melting requires a heat source and a hot water tank and, of course, the other
components for operating control.
Although all companies follow this general conception, the concrete technical solutions differ from
manufacturer to manufacturer, solutions that differ according to the performance.
In principle, depending on the mobility of the equipments, there are two basic categories:
2.1 Stationary snow melting equipments
Figure 1 shows an example of stationary snow melting equipment, made by Trecan Combustion
Limited [3], type Trecan 20-SG, 20-Ton stationary snow melter, with a capacity of 20 tons per
hour, its burner 4.5 million BTU /hr can melt 50 to 100 cubic meters of snow with an average snow
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density of 15 to 30 lb./ft. /hour, ie 200 to 500 kg /m3. The machine from Figure 2 is also a stationary
snowmelter, type Trecan 40-SG, 40-Ton stationary snow melter, manufactured by the same
company [3] with a capacity of 40 tonnes per hour, its 9 million BTU /hour can melt 100 to 200
cubic meters of snow with the same density.

Fig. 1. Trecan 20-SG, stationary snow melter [3]

Fig. 2. Trecan 40-SG, stationary snow melter [3]

2.2 Mobile snow melting equipments
Mobile snow melting machines are brought to the place where snow removal is needed, when is
needed, and they are also of two kinds, namely:
- mobile self-propelled snow melting equipments, which have a towing vehicle dedicated to the
machine, thus enabling it to move independently where it is needed.
An example of such equipment is given in Figure 3, which shows a self-propelled mobile
equipment achieved by Snow Removal Systems [1], type SRS M150, which melts 150 tons of
snow per hour with a BTU 35,000,000 burner.
Other self-propelled snow melting equipment is shown in Figure 4 and is produced by canadian
company Trecan Combustion Limited [3]. The 500-PD has a melting capacity of 500 tons of
snow per hour, the six burners each of 14 million BTUs, with 84 million BTU / hr and is capable of
melting 1.234 to 2.469 cubic meters of snow. The model 500-PD is a dual side loading snow melter
and is designed for use at large airports and large city snow dumps.

Fig. 3. Self-propelled snow melter SRS M150 [1]

Fig. 4. Self-propelled snow melting type 500-PD
[3]

Aero Snow Removal Corp. [6] achieves direct removal and collection snow equipments, Figure 5,
but especially self-propelled snow melting equipments, both small size and large size, Figure 6, for
large airports.
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Fig. 5. Direct snow removal equipment [6]

Fig. 6. Self-propelled snow melting equipment for airports [6]

Aero Snow Removal Corp. has been clearing snow in airports, cities, municipalities, shopping
malls, sports complexes, seaports and at commercial sites for more than 30 years. We are
innovators in the snow removal and snow melting industry. Aero provides numerous snow removal
services at major airports throughout the United States [6].
- trailed mobile equipment that can be driven by another vehicle. These in turn, depending on size
and performance, can be with an axis, figure 7, two axes, figure 8, three axes, figure 9 and even
four axes, figure 10.

Fig. 7. Model Michigan Melters with one axis [5]

Fig. 8. Two-Axis Trecan Model [4]

183

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

Fig. 9. Snow Dragon Three-Axis Model [2]

Fig. 10. Model Michigan 4-Axis Melters [5]

Snow Removal Systems [1] also has outstanding achievements in snow traction equipment.
Thus, in Figure 11, there is shown a snow melting equipment type SRS-P70 which, due to a burner
of 17·106 BTU, has a melting capacity of 70 t / hour, and in figure 12, is shown a device snow
melting type SRS-P100, which, having a 30·106 BTU burner, has a melting capacity of 100 tons
per hour.

Fig. 11. Snow Removal Systems typ SRS-P70 [1]

Fig. 12. Snow Renoval Systems typ SRS-P100 [1]

Deltamed Company, in collaboration with Energo-Term. achieved un prototype of snow melting
equipment, presented in Figure 13.

Fig. 13. Snow melting equipment Energo-Term [7]

The equipment currently in the testing phase is called "Urban Snow Melter" and effectively melts
the snow, and the resulting water is sent directly to the city's sewerage system, after a rough
filtering, the equipment beeing thus environment-friendly [7].
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3. Structure and functioning of snow melting equipments
To present structure and functioning of snow melting equipments, is used the data presented in [1],
referring to the SRS-P70 models shown in Figure 11 and the SRS-P100 model shown in Figure 12.
The components of the snow melting plant are mounted on the platform of a triple axle trailer,
which has all the necessary accessories for public roads (electric brakes, signaling, towing hook
etc.).
The melting plant is made up of three large subassemblies, shown in Figure 14: generator module
and heat exchanger; the technical module; the snow melting tank.
The generator module and heat exchanger (1) is also composed of:
● the tank of heat exchanger that contains water for melting snow;
● the ignitubular heat exchanger that transfers heat from the hot gases to the hot water bath for
snow melting;
● standard fuel burner (diesel) that produces the heat needed to melt the snow.

Fig. 14. The composition and flow circulation of water at the snow melting equipment SRS-P100 [1]

The technical module of the equipments (2) comprises:
● an electric generator with a thermal motor for producing the electric current needed for the plant
equipment: burner, combustion fan, electric pump, electric panel etc.;
● a combustion fan that ensures forced circulation of hot gases inside the heat exchanger pipes;
● a water circulation pump that sends hot water from the heat exchanger to the snow melting unit;
● an electric control panel, control and automation;
● a fuel tank that provides a minimum operating time of 4 hours.
The snow melting tank contains water in which snow is downloaded and melting. The melting
tank is supplied with hot water from the tank of heat exchanger.
The equipment is mounted on a three-axle trailer. It has two distinct tanks, a tank for heating water
and a tank for snow melting. The snow is loaded into the melting tank through the back or the side
of it using a milling cutter or excavator. Here the warm water from tank transfers the heat to the
snow or the ice blocks. Additionally, some melters are equipped with a snow-mixing /shaking
system and a spray system located at the top of the tank that throws hot water over the snow in the
tank, Figure 15. The thermal energy needed to melt the snow is provided by a burner with liquid
fuel (diesel fuel) and has an operating autonomy that depends on the capacity of the fuel tank. The
burner together with a fan provides the hot air flow to transfer its heat through an ignitubular heat
exchanger to the water in the tank. An electro-pump delivers warm water from the changer tank
into the melting tank and into the spraying system. The volume of snow introduced into the tank
185

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
coupled with snow melting leads to increased levels and the discharge of the melted water through
the holes too. From the melting tank, the water is discharged either through the overflow or through
the drainage connections to the sewer after a preliminary rough filtration. The tank has on the
bottom some slurry outlet doors. A hydraulic system, shown in Figure 16, inclines the melting tank
so that deposits on its bottom (sand, anti-slip material, etc.) can be removed and washed gently.

Fig. 15. Hot water spraying system in the melting tank [2]

Fig. 16. Melting tank inclining system [1]

The location of the component subassemblies and the principle of operation of the snow melting
plant is shown in Figure 17, below.

Fig. 17. Layout diagram of components and heat transfer system [1]

Based on the data presented above, as well as on their detailed analysis, it can be concluded that
on the market there is a very wide range of technical solutions for the production of snow melting
equipments, solutions that can meet all the requirements of potential customers.
As for the principle of achievement, the equipments are generally like, but differs from the concrete
technical solutions. It can be said that such equipments can be designed and built in the country,
with both design potential and companies /companies for effective physical realization, as well as
potential clients, both private companies as well as companies and public institutions.
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4. Conclusions
The article presents a new category of technology equipment made by foreign firms and used to
remove snow fallen on the urban public spaces such as public roads, parking, airport runways,
private spaces etc.
It also presents the working principle, the structure and the performance of such machines,
currently called snow melters, which, through the technology and through performances, perform
the ecological removal of snow.
From the analysis of the melters presented above, results that there is a wide range of snow melter
equipments that can satisfy all customer requirements.
From the analysis of the principle of realization and of the technical solutions in detail, it can be
said that such equipments can be designed and realized also in ROMANIA, having the potential for
physical design and realization (firms /companies), but also potential users (private companies,
companies and public institutions in the local government etc.).
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Abstract: The paper presents the control system of a stepping robot pneumatically actuated, consisting of
the electric scheme, the control algorithm and the control program.
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1. Introduction
A mobile robot is an autonomous or remotely operated programmable mobile machine that is
capable of moving in a specific environment. Mobile robots use sensors to perceive their
environment and make decisions based on the information gained from the sensors [1].
There are many types of mobile robots: terrestrial (stepping robots, wheeled robots, track robots),
aquatic, aerial and space robots [2].
Mobile robots are used in a large number of fields: military, geology, archeology, nuclear
applications, various services as pipes and tanks inspecting and cleaning, fire extinguish,
maintenance of high buildings fronts etc.
Stepping robots have a higher mobility and cause less damage to the terrain then the track robots.
The paper presents the control system of a stepping robot pneumatically actuated, developed in
the Mechatronics and Precision Mechanics Department within POLITEHNICA University of
Bucharest [3].
2. The structure of the stepping robot
A view of the stepping robot is shown in figure 1.

Fig. 1. A view of the stepping robot

The principle scheme of the robot is shown in figure 2 and the structure of the stepping robot is
shown in figure 3.
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Fig. 2. The principle scheme of the robot

Fig. 3. The structure of the stepping robot

The lower platform 1 has three “legs” attached, consisting in three pneumatic cylinders. The
intermediate part 2 is guided on ball bearings and is actuated by the pneumatic cylinder 3. The
upper platform 4 is connected to the intermediate part 2 by the bolt 5, allowing the platform to
rotate relative to the part 2. The upper platform has also three “legs”. The relative rotation of the
platforms is performed by the pneumatic cylinders 6 and 7. The pneumatic cylinders are controlled
by 3/2 valves, one for the three cylinders of the lower platform, one for the three cylinders of the
upper platform, two for the cylinders used to rotate a platform relative to the other, and one valve
for the cylinder used to obtain the translation movement of one platform relative to the other. The
valves are mounted on a plate in order to optimize the supply and command circuits.
3. The control of the stepping robot
Figure 4 shows the electric scheme of the control system.
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Fig. 4. The electric scheme of the control system

The control of the pneumatic stepping robot is performed using an Arduino Nano V3
microcontroller. In order to command the electromagnets of the valves a power amplifier using
ULN2003A transistors is used. Three push-buttons are connected to three digital inputs of the
microcontroller to allow manually selection of different control sequences.
Figure 5 shows the logical diagram of the control algorithm.

INITIALIZATION

ELEVATION
OF LOWER
PLATFORM

PUSHBUTTONS
READING

BUTTON #1
PUSHED

BUTTON #2
PUSHED

BUTTON #3
PUSHED

SEQUENCE
#1

SEQUENCE
#2

SEQUENCE
#3

Fig. 5. The logical diagram of the control algorithm
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The control algorithm reads the push-buttons state and the chosen step sequence is executed, as
shown in figure 6, where LPV is the lower platform valve, UPV is the upper platform valve, FMV is
the forward movement valve, LRV is the left rotation valve and RRV is the right rotation valve.
STEP FORWARD

TURN RIGHT

TURN LEFT

Actuate FMV
Maintain LPV

Actuate RRV
Maintain LPV

Actuate LRV
Maintain LPV

Actuate UPV
Maint. LPV, FMV

Actuate UPV
Maint. LPV, RRV

Actuate UPV
Maint. LPV, LRV

Maintain
UPV, FMV

Maintain
UPV, RRV

Maintain
UPV, LRV

Maintain UPV

Maintain UPV

Maintain UPV

Actuate LPV
Maintain UPV

Actuate LPV
Maintain UPV

Actuate LPV
Maintain UPV

Maintain LPV

Maintain LPV

Maintain LPV

Fig. 6. The moving sequences
A control program was developed on the basis of the control algorithm described.

4. Conclusions
The stepping robot is an experimental model with the following characteristics: stepping on terrains
with variable configuration, actuation with pneumatic micro-cylinders (p=4 bar), moving speed: 1.8
m/min; weight: 0.7 kg, maximum load: 0.8 kg, size: 160 x 75 x105 mm.
Further development: implementation of various sensors in order for the robot to become
autonomous, using pneumatic suckers attached to the “legs” in order to allow moving on vertical
surfaces etc.
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Abstract: The steering system is one of the components that ensure safe movement of vehicles; besides
this, keeping it in optimum condition leads to a minimum fuel consumption but also the lack of pollution
associated with the loss of hydraulic fluid. Power steering is one of the most requested options in a car of
small and medium size, for the vehicles weighing over 1200 kg entirely common. In figure 1 is represented
the percent’s according to the type of assistance steering boxes; from this graph, in conjunction with the
average age of the fleet in Romania (13 years in the year 2017), it is deduced that most power-steering’s
mounted on cars have hydraulic power steering or electro-hydraulic, so the need for a portable test
equipment is needed to discover and resolve the problem regarding faults of the system without
disassembling the vehicle. Advantage of the device lies in its capability to transmit data that is collected by
flow and pressure transducers and sent to a mobile device (smartphone or tablet) or fixed (PC) using
Wireless technology. Also data can be transmitted to an operator who is specializes in repairing hydraulic
steering boxes to confirm their state of function.
This article presents the state of the art portable test equipment with data transmission for hydraulic power
boxes and pumps from cars, this test device will have reduced dimensions and will be formed of a flow
transducer and pressure transducer and a 2 way distributor with and a wireless module, all of which are
connected to an electronic unit with an display located on the device panel.
This data is then transmitted to a device that has software installed on it, capable of play back information
that receives from the transducers.
Keywords: Fault test, power steering, public safety, automotive

1. Introduction
The basic functionality of the hydraulic power box and components are represented in figure 2.
Hydraulic power steering main purpose is that it can provide the driver less effort to steer the
wheels of the car when driving at typical speeds, and reduce considerably the physical effort
necessary to turn the wheels when a vehicle is stopped or moving slowly , is achieved by applying
pressure to the sides of a piston rod mounted on a bilateral body (Fig.2); fluid access is made thru
an opening after rotary valve(1) mounted on the steering column, receives a response from the
pinion (2) always engaging the steering rack rigidly connected to the piston (4). The fluid flows
through ducts (3) and position (5) represent the body of hydraulic cylinder.

Fig. 1. Steering assist by type of the vehicles
manufactured today in the world

Fig. 2. Main components of the hydraulic steering box
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Hydraulic power steering (pump directly driven by the vehicle engine with its rpm) is responsible for
fuel consumption of approx. 0.3 l / 100 km; For drive pump by a separate electric motor (electrohydraulic power steering), that consumption is reduced by half.
However, regardless of version, malfunction is accompanied by an increase in consumption and
the loss of power steering fluid, both with negative effects on the environment and road safety [1].
2. Product description
The portable test equipment with data transmission, fig. 3, is a new invention which by allowing
to test the hydraulic power steering system of vehicles without having to dismantle the
subassemblies, thus reducing the immobilization time of the vehicle and possible hydraulic fluid
drainage on the road, endangering the safety of the others involved in traffic. The device is also
capable of transmitting data from pressure and flow sensors to a smartphone, tablet, or to desktop
PC via a wireless module. It can also be produced with an integrated display for rendering the
measured values as well as with the possibility of storing this information.

Fig. 3. 3D drawing of the portable equipment

The usefulness of this equipment is due to the poor quality of roads in Romania that puts the
power steering’s under a lot of wear and tear, whey over the operating limit designed by the
manufacturer. This new device it also reduces the time with the defects repair due to the flexibility
offered by the data transmission system, which sends to a repair specialist of the hydraulic power
steering boxes, very much needed by the industry. The device is also capable of generating a test
report, which it can then be passed on to a specialist who can accurately determine the cause of
the fault and the solution needed to repair the servo-hydraulic system. This portable test device is
been produced in Romania being only one of its kind. In fig.4 it can be seen a block diagram with
the components of the portable test equipment and the informatic data transmission system and
local display.
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.
Fig. 4. Block diagram of portable test equipment with data transmission

The portable test equipment is composed of several sensors needed to record the parameters
which are critical to determine the condition of the steering box. The sensors used in the hydraulic
scheme are: pressure sensor with a domain of 0-160 bar, flow sensor 0,1-12 l/min [2]. All the
sensors are connected to the input ports from Pic Web Board. The equipment is supplied with
electricity from the cigarette lighter socket on the vehicle. The electrical connection of the electronic
components can be seen in figure 5. The pressure and flow transducer are powered by a voltage
of 13.8 V, and the PIC-Web and the liquid-crystal electronic module are powered by 5 V via a
voltage regulator integrated circuit. The pic-web module is provided with an optional wireless
transmission module connected via the UEXT connector. The display receives the data to be
displayed through the serial port from the pic-web module to the RX pin.

Fig. 5. The electric connection of electronic components
of portable equipment

Fig. 6. The Pic-Web electronic development
board from Olimex

Figure 6 shows the Pic-Web electronic development board from Olimex [3]. The Pic-Web board is
designed to have Web page of no more than 128 kB. If necessary a lot of images in the
application they can be stored on other server visible on the network where you have the PIC-WEB
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connected. The potential of the board is to generate a fluid communication between some specific
sensors or actuators across a TCP/IP net including the controls of it.
Pic-Web board features:
 PIC18F67J60 microcontroller
 1Mbit on board serial flash for web pages storage
 ICSP/ICD mini connector for programming and debugging with PIC-ICD2, PICICD2-POCKET and PIC-ICD2-TINY.
 Reset button
 User event button
 Analogue trimmer potentiometer
 Thermistor for temperature monitoring
 RS232 driver and connector
 Complete web server and TCP-IP stack support as per Microchip's open source
TCP-IP stack
 Power plug-in jack for DC power supply
 Voltage regulator +3.3V and filtering capacitors
Status LED
 UEXT connector
 Extension header to connect to other boards
 Dimensions 60×65 mm (2.36×2.55")
3. Operating mode
The test kit connects to the car's hydraulic assisted steering system with two hoses. Unscrew the
hose that comes from the pump to the hydraulically assisted steering box and insert the equipment
between the pump and the steering box. The built-in transducers will read the system pressure and
flow. By closing the valve for a short time, the maximum pressure delivered by the steering pump
can be determined. At the end of the stroke hydraulic cylinder piston, the steering box leakage can
be determined.
All the tests are performed with the help of the software developed by Hydraulics and pneumatics
research Institute with the aid of an internet protocol Web page program. Test data is displayed
locally on the device panel and transmitted wirelessly by the web application stored in the Pic-Web
module. Viewing test data and recording data is done by accessing the application through a web
browser on any mobile device (phone or tablet). Connection of the mobile device to the web
application is done wirelessly by accessing the IP address of the web application. Connecting to
the web application can also be done with a desktop PC via an Ethernet cable, the Pic-Web
module being equipped with an RJ45 Ethernet connector.
All the data recorded it will be compared with those in the database and the system will decide
whether the data recorded for the hydraulic steering box comply with the standards accepted by its
manufacturer. On the software page (fig. 7) the parameters obtained from the test can be seen
and it is possible to record the data such as: name of the operator that perform testing, beneficiary
of the test report, date and registration number of the test report. With this portable test device can
be determined the rate of oil leakages at the stroke ends of steering box or in the middle of the
stroke of hydraulic cylinder (car wheels in the center position). The leakage rate is determined by
the wear of the piston and rotary valve seals. In figure 7the panel of the software application
displays data obtained from testing. If the flow of loss at the end of stroke is above 1.5 l / min is
recommended to replace or repair the steering box. A steering box worn, with large internal losses,
will lead to disturbance in handling the power steering [4].
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Fig. 7. Panel of the software application for test report issue

In order to issue the test report, in the software application the information for the beneficiary, the
test operator and the test date must be noted. Once the data has been filled in, it will be possible to
save a file containing the test parameters and identification data (report number, date, beneficiary,
etc.). This report is stored and can be printed or sent by e-mail [5].
4. Conclusions
The test portable equipment with data transmission allows quick testing of the hydraulically
assisted steering system without the need to dismantle the parts from the car.
Advantages of the device lie in its capability to transmit data that is collected by flow and pressure
transducers and sent to a mobile device (smartphone or tablet) or fixed (PC) using Wireless
technology.
Through the web application can issue test reports with data transmitted wirelessly from the test
equipment, which can then be archived.
The amount of sensors and the domain of them, determine how accurate is the report for increase
the road safety and human loses due to malfunction of hydraulic power steering [6].
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Abstract: The inspection and maintenance of underground technological pipes are marked by difficulties
and restraints. Accidental leakage is inevitable and may pose a serious problem for the environment and the
economy. Also, stricter legal rules implemented in developed countries require reliable and secure systems
for detecting leaks during the last decade, the acoustic emission (AE) technique was widely used as a nondestructive testing (NDT) technique for detecting leaking pipes, heat exchangers or pressure vessel
structures. Although these structures are relatively large, the EA can be used for their inspection. The paper
presents a system for leak detection based on the principle of leak location by means of the cross-correlation
method using a data acquisition system, acoustic sensors and software application developed in LabVIEW
programming environment.
Keywords: cross-correlation, acoustic emission, leakage detection, LabVIEW environment

1. Introduction
With increasing public awareness and concern for the environment, occurrences of pipeline
leakage showed that financial losses incurred by a company can be much higher than the
downtime and cleaning costs. Also, stricter legal rules implemented in developed countries require
reliable and secure systems for leakage detection [1].
The inspection and maintenance of underground technological pipes are marked by difficulties and
restraints. Accidental leakage is inevitable and may pose a serious problem for the environment
and the economy.
The timely detection of leakage also offers other advantages beside the economic ones: safety of
water supplies, environment protection, water quality protection, avoiding subsequent pipe cracks
which may cause damage [2].
Due to the limit of detection, it is usually necessary to install several sensors along the line. These
sensors detect the acoustic signals in the pipe and discriminates leakage acoustic emission from
other sounds generated by normal operating changes [3].
The rapid development of electronics industry allowed the development of electroacoustic
equipment, acoustic sensors, amplifiers, digital filters, data acquisition, storage, processing and
transmission systems, which help to increase fault detection efficiency.
The greatest intensity of sound is in the proximity of the noise source and decreases proportionally
in all directions with the distance to the source. The sound propagation speed is influenced to the
greatest extent by the pipeline material. For example: for steel and cast iron, the intensity is also
present at longer distances from the fault, while in the case of PVC and HDPE the sound can only
intercepted near the source.
The acoustic correlation allows determining the exact location of the fault based on the sound
propagation speed in the fluid or the pipe wall. The sensors (surface microphones, or
hydrophones) placed on both ends of the section of pipe where the fault is assumed to occur will
detect the sound produced by an offset except for the situation when the fault is halfway between
those two sensors. The basic unit of the correlator will analyze the signals transmitted by the two
sensors based on the time of incidence. By knowing the sound propagation speed, the correlator
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will specify the exact location of the fault.
The fault location procedure can include a stage of “listening” to the noise caused by cracks from
using equipment which includes special microphones. This type of location depends very much on
user experience, which will assess the location of the crack by means of headphones. The next
stage consists in the “precise location” by using a noise and vibration correlator [4].
The flow of fluid out of the pipeline, through cracks, generates noise which propagates through the
fluid inside the pipe, to the material of the pipe and the soil around the pipe. This kind of signals is
known in the literature as “cracking noises” or “leakage noises”.
During the last decade, the acoustic emission technique was widely used as non-destructive
testing (NDT) technique for detecting leaking pipes, heat exchangers or pressure vessel structures.
Although these structures are relatively large, the AE technique can be used for their inspection [5].
2. The description of the leakage location principle by using the acoustic emission
technique
In the case of noise and vibration correlators, the sensors come into contact with the pipe material.
They will retrieve the cracking noises and transmit them to a noise and vibration correlator, and
due to the fact that the noise propagates with same speed, the sensor which is located closer to
the fault will retrieve the signal faster. The propagation speed depends primarily on the material of
the pipe. If this speed is known or determined by experiments, the difference between the time it
takes for the cracking noise to reach the two sensors will indicate the crack location [6].
The correlator operation principle is shown in Figure 1.

Fig. 1. The principle of noise source location by mean of correlation

The fault location, if the origin of the axis is by the sensor on the left is given by the formula (1).

L1 

1
D  T  C
2

(1)

where:
- D – the distance between the sensors;
- C – acoustic signal propagation speed in the pipe (constant);
- ΔT – sample frequency-1 * time lag.
The transmission of the signals picked up by the sensors, to the correlators is achieved by mean of
radio waves or wires. The operation of signal processing algorithms for the identification of noise
sources is based on the cross-correlation method.
The cross-correlation function identifies the degree of similarity between two data sets, and is an
important tool for the statistical analysis of signals.
The cross-correlation method makes reference to the relation between a signal and its lagged
version; the cross-correlation method allows determining the difference in propagation time by the
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position of its peak value [7, 8].
If we consider the signals x(n) and y(n) as signals which propagate from the noise source to the
two piezoelectric sensors (the signals contain N samples and are considered stationary with zero
mean value), we can define the cross-correlation function as follows:

rxy l  


1
  xn   yn  l , l  0,1,2  N  1
N n  

(2)

The index I is considered to be the time lag. The order of the indices show that signal x(n) remains
unchanged while y(n) is lagged by I time units, practically y(n) represents a lagged version of
signal x(n) by I time units.
In order to obtain a normalized cross-correlation (with peak values in the range -1 ÷ 1) the following
formula can be applied (3):

 xy l  

rxy l 
rxx 0  ryy 0

(3)

In special cases when the crack is located midway between the sensors, the peak value is
negative concentration value. For example, if the index of peak value of FIC is r samples, then the
lag value expressed in units of time Dtime = r*Te can be calculated, where Te represents the value of
the sampling period (see Figure 2).

Fig. 2. Non-normalized FIC calculated for signals x, y

3. Hardware and software description of the system
The rapid adoption of the PC in the last 20 years catalyzed a revolution in instrumentation for test,
measurement, and automation. One major development resulting from the ubiquity of the PC is the
concept of virtual instrumentation, which offers several benefits to engineers and scientists aiming
for increased productivity, accuracy, and performance [9].
A virtual instrument consists of an industry-standard computer or workstation equipped with
powerful application software, cost-effective hardware such as plug-in boards, and driver software,
which together perform the functions of traditional instruments. Virtual instruments represent a
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fundamental shift from traditional hardware-centered instrumentation systems to software-centered
systems that exploit the computing power, productivity, display, and connectivity capabilities of
popular desktop computers and workstations. Although the PC and integrated circuit technology
have experienced significant advances in the last two decades, it is software that truly provides the
leverage to build on this powerful hardware foundation to create virtual instruments, providing
better ways to innovate and significantly reduce cost. With virtual instruments, engineers and
scientists build measurement and automation systems that suit their needs exactly (user-defined)
instead of being limited by traditional fixed-function instruments (vendor-defined) [10].
The hardware and software architecture of the pipeline leak detection system is achieved for
implementation of the cross-correlation method.
3.1. Hardware description
For method validation a hardware structure is presented where the connection between the two
sensors and the data acquisition and processing system is achieved by wire.
The designed structure is shown in Figure 3 and has the following components:
- S1, S2 – acoustic sensors - VS30-SIC-46dB;
- Data acquisition card (DAQ) NI-USB 6003;
- PC host.

Fig. 3. Hardware architecture of the leakage detection system

The VS30-SIC-46dB is a piezoelectric AE-sensor with integrated preamplifier. The low frequency
response makes it especially suited for monitoring large objects or objects made of highly
attenuating material. The VS30-SIC-46dB can be used for tank floor corrosion and leak detection,
leak detection in pipelines, partial discharge detection and integrity testing of concrete structures.
The integrated preamplifier has a 46 dB gain and supports pulse through for automatic sensor
testing [11].
The NI-USB‑6003 is a low-cost, multifunction DAQ device. It offers analog I/O, digital I/O, and a
32‑bit counter. Some specification of the NI-USB 6003 are 8 AI (16-Bit, 100 kS/s), 2 AO (5
kS/s/ch), 13 DIO USB Multifunction I/O Device [12]. The USB‑6003 provides basic functionality for
applications such as simple data logging, portable measurements, and academic lab experiments.
The included NI‑DAQmx driver and configuration utility simplify the configuration and the
measurements.
A schematic diagram for the module of power supply and decoupling AC component from the
signal is presented in figure 4.
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Fig. 4. Module to supply power to the preamplifier and decoupling AC component from the signal

3.2. Software description
LabVIEW is a graphical programming language that uses icons instead of lines of text to create
applications. In contrast to text-based programming languages, where instructions determine
program execution, LabVIEW uses dataflow programming, where the flow of data determines
execution [13].
The programming language used in LabVIEW, also referred to as G, is a dataflow programming
language. Execution is determined by the structure of a graphical block diagram (the LV-source
code) on which the programmer connects different function-nodes by drawing wires. These wires
propagate variables and any node can execute as soon as all its input data become available.
Since this might be the case for multiple nodes simultaneously, G is inherently capable of parallel
execution. Multi-processing and multi-threading hardware is automatically exploited by the built-in
scheduler, which multiplexes multiple OS threads over the nodes ready for execution [14].
Figure 5 presents the software interface of the proposed pipeline leakage detection system.

Fig. 5. Software interface of the application
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Figure 6 presents the block diagram of the software application.

Fig. 6. Block diagram of the application software

The following block diagram shows one way to index the Cross-Correlation function by a virtual
instrument (VI) [15].

Fig. 7. Cross-Correlation VI

The elements of VI are:
- weighting specifies the use of biased or unbiased weighting in the cross-correlation
calculation. The default weighting is Biased. Refer to the Details section for information about
this parameter;
- Xt specifies the univariate time series;
- Yt specifies another univariate time series and is used to perform cross-correlation with Xt;
- maximum lag specifies the maximum value of the lag used by this VI to compute the crosscorrelation. The default is –1, which means the maximum lag equals max(M, N)–1, where M
and N are the lengths of Xt and Yt, respectively;
- cross-correlation returns the cross-correlation values between the two time series Xt and Yt;
- correlogram returns, on an XY graph, the cross-correlation values against the lag.
The cross-correlation Rxy(t) of the sequences x(t) and y(t) is defined by the following equation [15]:


Rxy ( t )  x( t )  y( t )   x(  )  y( t   )d


(4)

where the symbol  denotes correlation.
The discrete implementation of the Cross-Correlation VI is as follows [15]. Let h represent a
sequence whose indexing can be negative, let N be the number of elements in the input sequence
X, let M be the number of elements in the sequence Y, and assume that the indexed elements of X
and Y that lie outside their range are equal to zero, as shown by the following equations:

x j  0, j  0 or

jN

(5)

y j  0, j  0 or

j M

(6)

and

Then the Cross-Correlation VI obtains the elements of h by using the following equation:
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N 1 
h j   xk  y j k
k 0

(7)

for j = –(N–1), –(N–2), … , –1, 0, 1, … , (M–2), (M–1)
The elements of the output sequence Rxy are related to the elements in the sequence h by

Rxyi  hi ( N i )

(8)

for i = 0, 1, 2, … , N+M–2.
LabVIEW arrays cannot be indexed with negative numbers, the corresponding cross-correlation
value at t = 0 is the Nth element of the output sequence Rxy. Therefore, Rxy represents the
correlation values that the Cross-Correlation VI shifts N times in indexing.
The normalization biased in LabVIEW is used as follows:

Rxy( biased ) 

1
 Rxy
max( M , N )

(9)

for j = 0, 1, 2, … , M+N–2, where Rxy is the cross-correlation between x and y with no
normalization.
4. Experiments
Figure 8 presents an experimental model which will follow the steps described in the previous
sections for pipe leak location. The origin point of the axis system is fixed in sensor S1 and the axis
is oriented towards sensor S2. The length of the studied pipe section is of 3 m and the sound
propagation speed in the pipe is of 5500 m/s.

Fig. 8. Experimental image
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As a result of the experiments carried out in order to simulate leaking in the middle of the pipeline
(by opening the middle valve) the cross-correlation function in Figure 9 is obtained. By applying the
formula (1) the fault location in the mid pipe is obtained with an error under 0.01 m.
In order to simulate a pipeline leak at 0.235 m (by opening the valve on the left) the crosscorrelation function in Figure 10 is obtained. The number of samples for which we obtain the peak
cross-correlation function is 22, and the lag it indicates is of 0.00044 seconds.
The fault location is determined at 0.25 m from the sensor S1 by applying the formula (1).
Generally after a series of experiments, a relatively satisfactory location error (for a practical
system) of less than 2% is obtained.

Fig. 9. Software interface for simulation of the leakage in the middle of the sensors

Fig. 10. Software interface for simulation of the leakage at 0,25 m from S1
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5. Conclusions
The use of acoustic emission technique for leak-off location is the top method, made possible due
to the development of electronics (high-performance sensors, data acquisition systems) as well as
the development of high-performance software with computing power and precise pipe fault
location.
By following the steps specified by the EA technique, a pipeline leak-off detection system was
developed and presented based on the cross-correlation method. As a result of experiments it was
found that the system has a relatively good accuracy, subsequent developments will focus on
expanding the system to a wireless multi-sensor network for leak-off detection in intertwined
pipeline sections.
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Abstract: In recent years, electric vehicles have tremendous potential due to their low maintenance costs
and environmental friendliness. The purpose of this study is to provide fatigue analyses on the vehicle
chassis to determine the parts to be fatigued and to find the critical life of these parts. Within the scope of
this plan, first of all static analysis was carried out with 600 kg load on the chassis model. According to the
results of the static analysis, it was observed that the system was within the safety limits, and then fatigue
analysis was started. Fatigue analysis were carried out with 5 different road data collected during road tests.
As a result of the analysis, the fatigue lives of the parts on the model were determined and It has been seen
that the vehicle chassis is far below critical values in terms of fatigue life.
Keywords: Fatigue analysis, electrical vehicle chassis, finite element analysis.

1. Introduction
Our current technology is largely dependent on fossil fuels as essential energy source for almost
all activities needed to sustain daily life. It is envisaged that the use of fossil-based fuels will pose
two threats to humanity in the long run. The first threat is the increased costs associated with
reduced reserves, particularly the reduction of fuels such as oil and natural gas, and hence the size
of the social and economic impacts. The second threat is the harmful emissions resulting from the
burning of fossil fuels and the environmental impacts of greenhouse gases [1-3].
In recent years, advances in electric vehicle technology, along with advances in electric machines,
batteries and power electronics technologies, promise promising solutions in the near-term to
prevent these threats. And also in the long run promises solutions that will completely eliminate it
[2-4].
The first electric vehicle model was made in the Netherlands in 1835 by Professor Stratingh. It was
reported by Thomas Davenport between 1834 and 1836 that an electric road vehicle was
developed and put into practice in the United States. This vehicle is driven by non-rechargeable
batteries with three wheels. Four years later, Robert Davidson developed an electric locomotive
driven by a non-rechargeable battery. After 1859, lead-acid batteries were developed and started
to be used. In 1882, Professor William Ayrton and John Perry in England implemented the
application of three electric vehicles. There are 10 lead-acid batteries in each of these vehicles.
The range of vehicles is 16-20 km depending on the conditions of the land and the maximum
speed is 14 km / h. Three years later, Carl Benz developed three-wheeled vehicles with internal
combustion engines. Towards the end of the 19th century, many companies in America, England
and France started to produce electric vehicles. The most important of these producers is Morris
and Salomon who owns Electric Carriage and Wagon Company [3-6].
One of the most important points to consider when designing a vehicle is that the elements of the
vehicle must be safe in terms of strength. Therefore, the strength analysis of the vehicle chassis
needs to be done very well [7-9]. Using the solution of the balance equations under the forces and
moments acting is not so easy. In this case it is necessary to use different methods. Finite element
analysis of these methods is due to be integrated with computer-aided design system especially
easy to use and is very heavily used in the automotive industry [10-13].
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With using the finite element methods in fatigue analysis, fatigue behaviours of elements can be
examined without being subjected to test. Therefore, the fatigue behavior of many parts of the
machine is determined before production. There are three important steps in fatigue analysis:
Selection of Fatigue Method, Selection of Loading Method, Selection of Fatigue Curve. In this
study we will use Variable Amplitude Loading Conditions Methods cause of collected data in
different road conditions [14-16].
2. Materials and Methods
2.1 Static Analysis
The prepared solid model has been transferred to the Ansys Static Structural Programmer in .stp
format for finite element models with some arangements. Static analysis will be done by applying
the necessary boundary conditions. The mesh structure is created to chassis as shown in Fig.1.
Mesh structure consists of a total of 119401 hekzahedron and tetrahedron elements and 502966
nodes.

Fig. 1. Mesh structure of chassis model

The mechanical properties of St 37 steel were used for material information in the chassis model.
The mechanical properties of St 37 steel are as follows.
Modulus of Elasticity : 210 GPa
Density : 7850 kg/m3
Yield Stress: 250 MPa
Tensile Stress: 460 MPa
Poisson's Ratio: 0.3
When the loads acting on the cab area and the rear cab area were measured with the 600-kg load
on the car, it was seen that the load of the cab area is 650 kg and the load of the rear cab area is
730 kg. These load values found were applied to the contact areas on the chassis from the centre
of gravity calculated on the cabinet and the rear cab as shown in Fig. 2.
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Fig. 2. Effective loads to cabinet and rear cab area

After all the data required for static analysis has been entered, the model of finite element created
was runned. As a result of static analysis, the equivalent stress distribution is obtained as shown in
Fig.3.

Fig. 3. Equivalent stress distribution

And as a result of static analysis, the elastic deformation on model is obtained as shown in Fig.4.
The maximum stress on the model here is 97.9 MPa, and it occurs in the connection area of the
suspension system. As can be understood from this stress value on the model, there is no problem
in terms of static loading on the chassis and the safety coefficient is approximately 2.5.

Fig. 4. Elastic deformation on the model
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Fatigue analyzes were followed after observing that no permanent damage would occur on the
model in the static analysis performed on the chassis.
2.2 Fatigue Analysis
After the selection criteria and the method steps, fatigue analysis solution diagram was formed in
nCode DesignLife programme as shown in Fig.5.

Fig. 5. Design life fatigue analysis flowchart

3. Results
By entering 3 basic parameters required for fatigue analysis, the analysis models prepared for
each of the 5 different path data were solved. As a result of analysis, the life and damage values
on the chassis model were obtained for four different tracks as shown in Table 1.
Table 1: Fatigue life and damage results for five different test tracks
Asphalt Road
Life
Damage

Downgrade

Rugged Road

1,082x103

1,155x105

-4

-6

4,607x10

7,022x10

Unpaved Road

4,081x103

3,303
-2

8,571x10

210

Parker road

-4

1,420x10

8,686
1,135x10-3

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
As can be seen from Table 1, the most critical result for fatigue life and damage was found in the
analysis with test data from rugged area. As a result of the analysis in the rough road data, the life
distribution on the chassis model is as shown in Fig.6. The connection profiles of the suspension
system are locally shown because this is the part that gives the minimum value in terms of life on
the vehicle.

Fig. 6. Lifetime distribution on chassis with rugged road

4. Conclusions
The length of the data used in the analysis; 200,000 km * 3,303 = 660,600 km. The meaning of the
damage value obtained as a result of the analysis is how many percent damage is caused by the
fatigue analysis on the part. In the analysis made from rugged road data, life and damage amounts
were obtained at the most critical values according to fatigue results from the other test tracks.
However, when these values are examined, the minimum lifetime of the chassis is around 600,000
km. This value does not mean risk. As a result of these analyzes, it has been seen that the critical
value of the existing vehicle chassis is far below the fatigue life.
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Abstract: The maintenance is an important activity, absolutely necessary for the proper operation of any
kind of technical system, even for the hydraulic drive systems. Condition-based preventive maintenace (or
predictive maintenance) is more than to prevent maintenance because it continuoslly evaluates the state of
technical performances of a system. One of the most well-known predictive methods is the infrared
thermography. This paper presents the results of an experimental research on a gear pump, in order to
demonstrate the advantages of using the infrared thermography method in predictive maintenance of the
pump. There are simulated different operation modes of the gear pump by changing the work conditions in
the hydraulic drive test system. Specific thermograms are obtained for each operation mode. Observations
regarding the measurement errors and the application limits of infrared thermography are made, too.
Keywords: Maintenance, predictive maintenance, infrared thermography, hydrostatic pumps, hydraulic drive
systems

1. Introduction
Maintenance is regarded as an important factor in product and service quality and it can be
considered a system “viewed as an integrated input-output model” which can be planned,
organized, monitored and controlled, [1]. In Figure 1 the input-output maintenance system is
shown. In the scientific literature regarding on he maintenance and maintenance management
three maintenance strategies are underlined: the corrective (or breakdown) maintenance, timebased (or use-based) preventive maintenance and condition-based preventive maintenance. Other
maintenance strategies are: opportunity maintenance, fault finding, design modification, overhaul,
replacement, reliability-centred maintenance, total productive maintenance. All these strategies or
policies depend on the relationships between maintenance system and organization objectives, [1].
Corrective maintenance (noticed as CM) is focused on performing repair after the system or
component failure occurred.
Time-based preventive maintenance, or simple preventive maintenance and noticed as PM, is a
planned maintenance performed to prevent and fix problems before failure occurs.
Condition-based preventive maintenance (CBM) is based on monitoring and collecting information
concerning the condition of the equipment to prevent unexpected failures and determine optimal
maintenance schedules, [2]. Condition-based maintenance is a form of predictive maintenance
strategy and is more than a simple PM because the system's reliability indicators are improved and
the cost of maintenance is less. The time between two stops is shorter in CBM than in PM.
Condition-based maintenance is applied to a sub-assembly, a component or a machine system.
Over time, all data obtained from the monitoring parameters according to predictive maintenance
program (or CBM) are studied, processed, and compared to the existing data. The statistical
analyse will allowed to predict the periodicity of the future maintenance program and to optimize it,
too. The most common predictive maintenance methods used in hydraulic systems, are: vibration
analysis, oil analysis, infrared thermography and ultrasound control, Fig. 2.
It is not necessary to use all methods in the monitoring the parameters of the hydraulic system
within predictive maintenance program. In the references literature, oil analysis, infrared
thermography and vibration analysis (or ultrasound control) are recommended, [2].
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Fig. 1. Maintenance system as input-output model, [1]

Fig. 2. Condition-based maintenance monitoring methods

Starting from these considerations, the authors of the paper present new experimental researches,
in continuation of those started at INOE 2000-IHP in 2016, demonstrating the utility and efficiency
of using the infrared thermography method in the predictive study of the hydraulic actuation
systems operating behaviour, [3].
2. Experimental test rig
In order to achieve the research objective, a testing rig was conceived, designed and physically
realized at INOE 2000-IHP Bucharest, to allow the demonstration of the usefulness and the
efficiency of the infrared thermography method, using in the behavioral prediction of hydrostatic
drive systems. The hydraulic diagram of the test bench is shown in Figure 3.
The test rig is used to test a Vivoil hydraulic gear pump, model XV-2P D / C, having a geometric
volume of 9 cm3/rev (see Fig. 4) used in hydraulic drive systems. The test consists in the
simulation of various operating modes, i.e. the operation at different pressure stages, as well as
the gradual change of the pump suction conditions, after a suitable procedure.
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The hydraulic components of the test rig are: a hydraulic oil tank (T) fitted with a filling and
ventilation filter (FAF) and a return filter (RF). A three-phase electric motor (EM) is mounted on the
oil tank cover, which, via a coupling (C), drives the hydrostatic pump (HP) to be tested. The pump
(HP) sucks the oil out of the tank, a valve (V), a non-return valve (NRV) being mounted on the
suction pipe to maintain full-oil the suction circuit, and a throttle (ST) by can modify by throttling the
suction circuit of the pump, to change the suction conditions. Throttling of the suction pipe section
will lead to increased operating temperature, a phenomenon that will be sensed, measured and
recorded by a FLIR infrared thermal imaging camera. The hydrostatic pump (HP) discharge the oil
under the pressure indicated by the pressure gauge (G) and is adjusted to the pressure return
valve (PRV) by means of a throttle (RT) mounted on the pump discharge, which allows the
required pressure steps to be achieved, the oil being returned to the tank through a return filter
(RF).

Fig. 3. Hydraulic scheme

Fig. 4. Hydraulic gear pump, Vivoil brand– Italy, [4]

The hydraulic components of the test rig are: a hydraulic oil tank (T) fitted with a filling and
ventilation filter (FAF) and a return filter (RF). A three-phase electric motor (EM) is mounted on the
oil tank cover, which, via a coupling (C), drives the hydrostatic pump (HP) to be tested. The pump
(HP) sucks the oil out of the tank, a valve (V), a non-return valve (NRV) being mounted on the
suction pipe to maintain full-oil the suction circuit, and a throttle (ST) by can modify by throttling the
suction circuit of the pump, to change the suction conditions. Throttling of the suction pipe section
will lead to increased operating temperature, a phenomenon that will be sensed, measured and
recorded by a FLIR infrared thermal imaging camera. The hydrostatic pump (HP) discharge the oil
under the pressure indicated by the pressure gauge (G) and is adjusted to the pressure return
valve (PRV) by means of a throttle (RT) mounted on the pump discharge, which allows the
required pressure steps to be achieved, the oil being returned to the tank through a return filter
(RF).
During the experiments, the measured and monitored parameters were: ambient temperature, oil
temperature, working pressure read on the pressure gauge (G), noise in installation read with
Smart-Sensor (SSM), but particularly, the pump temperature, measured with 3 devices, namely:
with a contact thermometer (CT), placed directly on the pump, with a FLUKE IT infrared
thermometer, and with a FLIR IC infrared thermal imaging camera. To measure the temperature at
the interest points (pump, tank, oil), the stand was provided with:
 contact thermometer (CT), Checktemp 4 by Hanna brand, to measure the temperature
directly on the pump housing (see Fig. 5);
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infrared thermometer (FLUKE IT) for non-contact temperature measurement at the three
points of interest (see Fig. 6);
infrared thermal imaging camera (FLIR IC), required for temperature measuring and
recording, at interest points (see Fig. 7);
Soundmeter (SSM) for noise measurement, Smart Sensor AR 814 brand, (see Fig. 8)

Fig. 5. Contact thermometer Checktemp 4 by
Hanna

Fig. 7. FLIR infrared thermal imaging camera

Fig. 6.FLUKE infrared thermometer

Fig. 8. Smart Sensor AR 814 Soundmeter

To highlight the possibility of using the infrared thermography method, to the behavioral prediction
of hydrostatic drive systems, some working scenarios were imagined. Thus, under laboratory
conditions, different pump operating modes are simulated, leading in an increase of the pump
temperature. This is like as the pump is operating with major failures, which lead to the
temperature increase, seized through periodic measurements, which allow the early detection of
possible failures in the future. In this way major major malfunctions in pumps operation mode can
be prevented and important technical and economical decissions regarding the gear pump
manufacturing process can be done.
The experiments procedure consists into applying various pressure steps to the hydrostatic pump
and for each pressure step, the temperature is measured after regular periodes of time (i.e. 10
min.). Two situation of working are considered: pump operating with the throttle valve (named
SITUATION I) and pump opearting without throttle valve (named SITUATION II). The first scenario
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is as like the pump is on going to fail because the throttle valve (ST) is on the pump input (Fig. 3.)
and cavitation phenomenon can appear when the suction conditions are changed.
The temperature of the pump is measured with three measuring devices: an infrared FLIR thermal
imaging camera (FLIR IC, see Fig. 3), an infrared FLUKE thermometer (FLUKE IT, see Fig. 3) and
a contact thermometer (CT), placed directly on the pump.
During the experiments were measured the temperatures (with all three types of devices), and the
noise for each pressure step in each operating mode.
The main phases of the experiments are as follows:
 setting of the time interval for the measurements, respectively for reading values;
 reading the temperature of the environment, Tenv;
 reading the background noise, Aenv;
 starting the electric motor (EM) to drive the pump;
 adjusting the desired pressure step by actuating the pressure circuit throttle (RT);
 changing the suction conditions of the pump by actuating the throttle mounted on the
suction pump circuit (ST);
 monitoring the pump operation temperature and the noise for each setting time interval;
 stopping the pump when the temperature reaches about 80 °C;
 the resumption of the measurement cycle for another pressure stage and for another
section area of the suction throttle valve (RT).
The procedure is the same in each working situations with suction throttle valve (SITUATION I)
and without suction throttle valve (SITUATION II). If the pump is working in SITUATION II the
suction throttle valve is widely opened.
3. Experimental measurements
The experiments were carried out on three steps of pressure, namely: 50 bar, 75 bar and 100 bar.
Following experimental procedure described above, the results of the experimental measurements
of temperatures and noise are shown in Table 1 and Table 2. for the case of 75bar pressure step.
For the pressure of 50bar and 100bar the results were reported in paper [5].
In Table 1 are presented the results of SITUATION I of working, with suction throttle valve and in
Table 2, SITUATION II without the suction throttle valve.
During the experiments were monitoring not only the pump temperature measured on the pump
housing (Tpp) but also the oil temperature (Toil) and the reservoir temperature (Trez), too.
The temperature measurements were made with all three devices mentioned above: infrared FLIR
thermal imaging camera, infrared FLUKE thermometer and a contact thermometer (CT), placed
directly on the pump.
The temperature measured with contact thermometer can be considered as a standard
temperature.
Table 1: Experimental results in SITUATION I, with suction throttle valve ST
Time
[min]

FLUKE IT [°C]

FLIR IC [°]

CONTACT
THERMOMETER
CT [°]

Noise
[dB]

Tpp

Trez

Toil

Tpp

Trez

Toil

TCT_pp

A

0

25

24,7

24,5

25

24,4

25,4

25

44,5

10

51

31

32

57,2

31,4

33,9

56,8

77,9

20

72

42

33

78,4

45,5

49,8

76,7

67

30

77

46

65

84,1

47

58,9

81,7

75,7

40

83

50

60

86,3

51,8

60,2

84,4

67

50

80

50

63

88,3

54

-

87
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Table 2: Experimental results in SITUATION II, without suction throttle valve ST
Time
[min]

FLUKE IT [°C]

FLIR IC [°]

CONTACT
THERMOMETER
CT [°]

Noise
[dB]

Tpp

Trez

Toil

Tpp

Trez

Toil

TCT_pp

A

0

29

28

28

29

28

28,4

29

44,5

10

47,2

33,3

38,7

48,2

34,4

37,6

42

75,7

20

58,2

43,9

48,2

58,5

45,2

47,2

50,8

75,7

30

70,1

55,2

55,4

69,3

57,1

54,7

65,5

72,5

40

78,6

65,1

63,9

78

66,1

63,5

71,7

75,7

50

86,1

73

70,1

86,3

74,1

68

84

75,7

60

92,8

79,2

88,5

93,7

80,2

74,9

89,8

75,7

All temperatures measured in the experiment are plotted, Figure 9. Some snapshot with FLIR IC
infrared imaging camera are presented in Figure 10 and Figure 11.

a)
b)
Fig. 9. Temperatures measured in the case of 75bar pressure step: a) SITUATION I with suction
throttle valve; b) SITUATION II without suction throttle valve.

Fig. 10. Pump FLIR IC snapshots in the case of SITUATION I, see Table 1 the bold numbers
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Fig. 11. Pump FLIR IC snapshots in the case of SITUATION II, see Table 2 the bold numbers

Fig. 12. Noise variation for 75bar pressure step

Fig. 13. Relative temperatures variation, for p= 75bar, with throttling (CD) and without throttling (FD)
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Noise variation is plotted in Figure 12 for all period of the experiments in the two cases mentioned
before.
Considering that the environment tempretaure is at the zero moment of time, according with the
tables, at 25 °C (Table 1) and 29 °C (Table 2) the increased temperetaure on the pump measured
with FLIR IC is plotted in Figure 13.
4. Discussions
Experimental results show that the pump measuring temperatures using contact thermometer are
in accordance with the non-contact temperature measured with the FLIR thermal imaging camera,
see Figure 9 and Figure 13. Also, it can be observed that the pump temperature, Tpp, measured
with FLIR infrared camera keeps close enought for the considered standard temperature
measured with contact thermometer, TCT_pp, Fig. 9. It can be observed that the curve of
temperature variation has the same trendline as the temperature curve plotted with full line in
Figure 9. Even the temperatures measured with FLIR IC and infrared thermometer FLUKE IT have
close values in the case of the reservoir temperature, Trez, Fig. 9. Only the temperatures of the
hydraulic oil cannot be compared, Fig. 9.a.
Considering the fact that the pump operating mode with different openings of the suction throttle
valve is a simulation procedure of the pump in the case of a failure (i.e. cavitation), and comparing
the pump temperatures in SITUATION II (without suction throttle valve) with the failure mode of
operation (SITUATION I) it is observed the difference in the plotted temperatures, Fig. 9.
In Figure 9.b all the temperatures are "stick together" closer to the standard temperature line
(TCT_pp), in contrast with SITUATION I, Fig. 9.a. More than that, even the noise measurements
warn us that the pump is in a failure mode of operation, Fig. 12.
In the discussion of experimental results we must be objective and recognize that the infrared
thermography method has some limitations and method errors, calibration errors, signal errors can
appear [6 ÷ 12]. For example the errors giving by the method occur because of an incorrect
evaluation of the infrared thermography parameters. Commonlly, object emissivity, ε, atmospheric
temperature, Tatm [K or ° C], ambient temperature T0 [K or °C], humidity, ω [% ], the distance
between the infrared thermal imaging camera and the measured object, d [m] are some of them.
The influence of ambient radiation, directly or indirectly reflected by the object and detected by the
camera is another thermography parameter not easy to evaluate and essentially in infrared image
camera calibration.
5. Conclusions
The results of experimental research regarding the using of infrared thermography as method of
condition-based maintenance were presented in the paper. The experimental simulations of a
failure pump and the temperature monitoring with three different temperature devices help us to
compare the behavior of the malfunction pump with the good one. The monitoring of noise was
tested, too, as method in the maintenance of the hydraulic drives and the results confirm the
connection between noise and the pump failure state.
In the paper is presented the test bench rig designed as a simple hydraulic circuit with a gear
pump and a suction throttle valve mounted on the input of the pump to simulate the cavitation
operating mode (named SITUATION I).
The normal operation mode was named SITUATION II.
Three steps of pressures were considered but only for 75bar the results were commented.
Analysing the temperature results we conclude that infrared thermography method can be used to
monitor the behavior of a hydraulic drive system in the case of indoor hydraulic systems to avoid
the influence of the environment in the calibration of infrared imaging camera.
The authors are intending to develop the procedure of infrared thermography maintenance method
applied to hydraulic drives but the errors analyse of the measurements is necessary. Only with
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more temperatures data the experimental simulation can improve the infrared thermography
method.
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Abstract: SCADA (Supervisory Control and Data Acquisition) is the most modern tool used for the control
and monitoring of technological processes. A SCADA system consists of two main components: the Server
(one or more) and the Clients (the Viewers). The aim of OPC (OLE-Object linking and embedding for
Process Control) is to define a common interface that once conceived can be reused for any other project,
SCADA, HMI (Human Machine Interface) or other software packages. An OPC server is an application which
acts as application programming interface (API-Application Programming Interface) or protocol converter.
The paper presents an example of OPC server based application software which can be integral to a SCADA
system. The application focuses on monitoring a quasi-general industrial process defined by a 2nd order
transfer function, on identifying the transfer function and managing the client-server communication of the
quantities of interest by online viewing and creating a record using TDMS (Technical Data Management
Streaming) files and a MySQL database server.
Keywords: OPC-UA, database, SCADA, process control, transfer function

1. Introduction
SCADA is a computer based system designed for the control and monitoring of technological
processes.
SCADA is the most modern concept and the tool used for the control and monitoring of
technological processes. SCADA systems include both software and hardware components. The
hardware collects and transmits data to a PC with installed SCADA software. The PC then
processes these data in an acceptable time frame [1, 2].
Substantial progress in this field have allowed the SCADA systems to be used in the most various
fields, from the manufacturing of consumer goods, to metallurgy, industrial hydraulics and
pneumatics, chemistry and power engineering, and the nuclear field.
A SCADA system consists of two main hardware components:
- The server (one or more) - It is connected to the (process) field elements through various
data acquisition systems. Data acquisition systems are generally created based on
microcontrollers designed to acquire data from the process and to monitor and control the
operation of the process. Data acquisition is also carried out by using intelligent sensors
which can connect directly to the computer or through some intermediate devices called
stations or communication masters which collect data from multiple intelligent sensors. The
data acquisition and process control devices in the industry field are represented mostly by
programmable automata - PLC’s (Programmable Logic Controller).
- The server manages all the data collected from the process (it achieves the database,
provides the communication with the PLC’s in the process);
- The Client (the Viewer) - is connected to the network with the server, it uses the data from it
and provides communication with the human operator.
- The servers are connected to the controllers through a wide range of communication
drivers (hundreds of drivers providing connections with all PLC’s from known companies).
A single server can communicate simultaneously across multiple protocols, but new
communication drivers can also be developed.
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The servers and viewers are connected to the Ethernet network. The web technology used now
also allows visualization of a process done via the Internet.
One of the most important functions of the SCADA systems is the monitoring and control function.
The monitoring and control of technological processes is carried out by means of graphical pages
which mimic the technological process and are displayed on one or more computer monitors.
These graphical pages are also called HMI’s (Human Machine Interfaces). The control operation is
also called monitoring. We can thus state that the monitoring and control of technological
processes is carried out via the HMI’s.
Among the main functions of the SCADA system we can mention the following:
- The automatic control of the technological process in order to optimize the output
parameters and in order to improve the efficiency;
- The real-time display of the technological process state;
- The graphical display of the process data with a view to creating efficient operating
strategies;
- The efficient management of process quantities record, state of equipment, and condition of
alarms;
- The periodic generation of operation reports;
- The possibility of direct user intervention in the process depending on his rights of access;
- The possibility of remote process control by using SCADA client stations.
The OPC (OLE for Process Control) standard or the more recent Openness Productivity
Connectivity is a series of specifications defined by the OPC Foundation to facilitate connectivity in
industrial automation. The OPC uses Microsoft DCOM (Distributed Component Object Model)
technology to provide a communication line between the OPC servers and OPC clients. The OPC
was designed to enable the safe communication in industrial processes, such as in electric power
generation and distribution, industrial hydraulics and pneumatics, petrochemical refining, assembly
lines for motor vehicles, etc.
The state-of-the-art control of industrial processes integrated into SCADA systems entails both the
use of up-to-date data transmission and management facilities, and also the use of drive and
control software facilities starting with the estimation of parameters and identification of the
linearized transfer function, proceeding with the control design of the controller and finishing with
the validation and testing of the entire chain of the industrial process control [3-5].
LabVIEW is the development software which includes the concepts outlined above and which will
be used for the application described in this article.
The rest of the article is organized as follows: section 2 presents the OPC client/server concept,
and section 3 presents an application for monitoring a quasi-general industrial process described
by a 2nd order transfer function, the identification of the transfer function and management of clientserver communication for the quantities of interest by online viewing and creating a record using
TDMS files and a MySQL database server. Section 4 presents conclusions and course of action
concerning future research.
2. OPC server
The OPC (OLE for Process Control) is an industry standard created by the collaboration of a group
of important world suppliers of automation software and hardware with Microsoft company. The
standard defines the methods for data communication between real time automation systems and
client applications run on computers with Microsoft operating systems [6].
OPC standard was created to enable the access of client applications to automation data in a
uniform manner. Widespread conformity in the industry can bring many benefits such as:
- The hardware manufacturers will have to write a single set of software components for their
products, which customers will use for their applications;
- The software manufacturers will no longer have to rewrite the drivers as a result of the
changes or additions from new hardware versions;
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The customers will have a wider range of options to achieve high quality integrated
production systems, in a heterogeneous computer environment.
The OPC standard provides access of production and economic applications to field information in
real time and in a consistent manner, facilitating the interoperability between different equipment
and the “plug and play” connectivity, but also a greater flexibility, lower integration, development
and assembly costs for process automation or control systems.
An OPC server (see Figure 1) is an application which behaves as an API-Application Programming
Interface or protocol converter.
OPC servers arose from the imperative necessity of making the production and economic
computer systems communicate among themselves. There were often barriers due to
incompatibilities between custom communication interfaces and the automation hardware and
software from different vendors.
The specifications of the OPC define a standard COM (Component Object Model) interface for use
in industrial applications for data acquisition and control.
The specs include a protocol for defining objects, for determining their properties and for
standardization of function calls and events. For this purpose, OPC comprises a wide variety of
data sources.
The input-output devices include data acquisition devices, actuators, communication bus systems
and programmable logic controllers (PLC). The specifications also include protocols for working
with data control systems (DCS) and database applications as well as for access to on-line data,
alarm and event control and access to data records for all these data sources [7].

Fig. 1. SCADA system based on OPC server architecture

The OPC architecture benefits by the advantages of COM interfaces, which provide a convenient
mechanism for extending OPC functionality.
Their architecture and design facilitates the creation of OPC servers which allow the client
applications to access data from multiple OPC servers from different vendors running on different
nodes on a single object.
The main advantage of the OPC interface is independence from a particular manufacturer, product
or hardware. All commercially available SCADA systems, process control systems and PC-based
controllers now provide a free OPC client interface for access to any OPC server.
The technology provides clear distinction between server and client applications, it encapsulates
product-specific features and allows easy upgrading to a new version or switching to a different
product. The independence to the platform also enables OPC communication between
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components running different operating systems and via the Internet.
Considering that the OPC standard is based on the DCOM (Distributed Component Object Model)
technology, its use is restricted to Windows operating system, at the same time, the DCOM
contributed to the success of OPC.
The rapid acceptance of Windows computers as automation components has enabled the OPC
technology to gain worldwide relevance in just a few years, while on the other hand, by the more
intense use of the OPC, the emerging new application fields which determine the general trend
towards Web technologies entail new requirements for the OPC standard.
OPC UA (Unified Architecture) is the next generation of OPC technology and is the OPC
technology used by the application described in section 3. OPC UA is a more secure, open,
reliable mechanism for transferring information between servers and clients. It provides more open
transports, better security and a more complete information model than the original OPC, “OPC
Classic.” OPC UA provides a very flexible and adaptable mechanism for moving data between
enterprise-type systems and the kinds of controls, monitoring devices and sensors that interact
with real world data [8].
OPC UA is much more complex than previous OPC specifications and is designed to:
- use cross-platform capable communication instead of Windows DCOM;
- combine the OPC DA (Data Access), A&E (Alarm &Events), HDA (Historical Data Access)
functionality into a single set of services;
- model complex data structures for collaboration with other standards organizations;
- be implementable on different platforms, from embedded systems to enterprise systems.
An OPC UA server endpoint is the side of an OPC UA communication that initiates a
communication session and provides data to an OPC UA client. There is no standard OPC UA
server either in functionality, performance or device type. Devices from small sensors to massive
chillers may be OPC UA servers. Some servers may host just a couple of data points. Others
might have thousands. Some OPC UA servers may use mappings with high security and lower
performance XML, while others may communicate without security using high performance OPC
UA Binary Encoding. Some servers may be completely configurable and offer the client the option
to configure data model views, alarms and events. Others may be completely fixed.
Clients in OPC UA are much more flexible than other network clients. OPC UA Clients have the
capability to search out and discover OPC UA servers, discover how to communicate with the OPC
UA server, discover what capabilities the OPC UA servers have, and configure the OPC UA server
to deliver specific pieces of data when and how they want it. OPC UA clients will generally support
many different protocol mappings so that they can communicate with all different types of servers.
3. Example of OPC-UA server based SCADA application for the control of an industrial
process
Most industrial processes can be defined around the quiescent operating point by a 2nd order
transfer function. The application presented is achieved in the LabVIEW development environment
using Mathscript type Matlab scripts, it uses an OPC-UA type server, TDMS type files and a
MySQL type database server [9]. The general architecture of the application is shown in Figure 2.
For the identification of the transfer function of the technological process, by using an acquisition
board, the step signal applied is acquired and respectively the response (represented in simulated
form in Figure 3).
The types of software modules of the experimental model, on the server machine are the following:
- The OPC read-write module; this module will provide intrinsic connection between the data
acquired from input modules and the OPC server.
- The MySQL read-write module; this module will achieve MySQL type database query,
where obviously data writing and reading are the most used functions.
- The TDMS read-write module; this module will manage data writing and reading in TDMS
files, in order to achieve additional cache. These files can be opened in EXCEL, the
facilities being thus obvious.
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Interface configuration module for data acquisition channels; this module will achieve the
configuration of acquisition channels from various acquisition modules, but in the
application presented the process quantities are simulated but maintain a natural similarity
to real applications which process data from transducers.
The clients will be programs located on the server computer or on separate computers connected
through a router in the same Intranet network.
These programs will be Viewer type programs which will access data from the OPC client, from
MySQL database or from TDMS files. Data processing and viewing will be primary, focusing on the
data communication itself, in that the data will be acquired by the client uniformly from databases
or EXCEL-compatible files, although initially the data sources are heterogeneous (different data
acquisition modules, for different protocols) [10-15].

Fig. 2. SCADA application architecture
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Fig. 3. The step signal applied and the response of the second order system

The use of LabVIEW further allows the transfer function coefficients to be determined, a LQR
(Linear Quadratic Regulator) type regulator to be synthesized, a possible state description
equations of open circuit, and respectively closed circuit (with regulator) system, as shown in
Figure 4. It is obvious that this procedure is asynchronous and is run on operator request when the
operating conditions allow it. The validation of the system and regulator identification is also
presented in Figure 4. where it’s see that the identified system response is overlaid on the initial
response.

Fig. 4. System identification, LQR controller synthesis, state equations and system validation
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The OPC-UA Server which supports communication is defined by the block diagram in Figure 5,
and its interface is presented in Figure 6.

Fig. 5. OPC-UA server block diagram

Fig. 6. OPC-UA server interface

There will be 8 quantities which will be transferred via the OPC client-server technology, in the
presented application. The first 6 quantities are the transfer function numerator, respectively
denominator coefficients (see Figure 7). These quantities will be transferred asynchronously at
request and then they will be stored on the MySQL Server (see Figure 8).
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Fig. 7. OPC-UA client block diagram for transfer function coefficients

Fig. 8. MySQL server database for transfer function coefficients

In addition, another asynchronous software module can read the history of the transfer functions
stored in the MySQL Server (defined as the six coefficients) see figs. 9 and 10.
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Fig. 9. Client read from MySQL server database transfer function coefficients block diagram

Fig. 10. Client read from MySQL server database transfer function coefficients interface

The process quantities defined in the OPC-UA Server as process value PV_1 and PV_2 are
transferred synchronously within 1 second and stored in TDMS files with preset time periods (days,
weeks, etc.), see Figures 11 and 12.

Fig. 11. OPC-UA client write and read TDMS block diagram
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Fig. 12. OPC-UA client read TDMS interface

The presented application is modular and can be extended to multiple quantities for an actual
industrial process by following the steps implemented in the presentation above. Practically the
quantities implemented into SCADA are defined in each software module by groups of interest
(quantities accessed synchronously or asynchronously, quantities acquired from the process
through acquisition boards from transducers or system description quantities resulting from the
process of identification).
The inclusion of several quantities of interest is carried out naturally by following the steps
described above.
4. Conclusions
This article summarizes the SCADA systems and the principles of OPC client-server
communication. Hence an application was achieved and presented for monitoring a quasi-general
industrial process defined by a 2nd order transfer function, for identifying the transfer function and
managing the client-server communication of the quantities of interest by online viewing and
creating a record using TDMS files and a MySQL database server.
The issue of data communications in industrial environments is not abstract, but arises practically
in industrial and monitoring applications, and can become a separate issue, but it can only be
studied on condition that minimal software modules are provided for data communication and
management from an actual application.
We consider that by achieving such an experimental model like the one described above, but
especially by means of the experiments conducted on it, the main benefit will consist in the
increase of the amount of knowledge on this topic and a significant facilitation in achieving future
complex monitoring applications for systems with a relatively large volume of data and for
heterogeneous data acquisition systems.
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Abstract: PMSM motor are getting more common each day in industrial applications due to their
superiorities such as lacking physical parts such as brushes or commutators, higher reliability and high
efficiency and better life expectancy. Another advantage of a pmsm is that it can operate at speeds above
10,000 rpm in bot loaded and unloaded conditions. It is also capable of operating with less noise and
electromagnetic interference than a brushed motor. Only disadvantage of a PMSM is that it needs for a
control system which is complex. One of the common ways to control a PMSM is the field oriented control
method. PMSM is used for the hydraulic servo motor systems. In this study, a PMSM is controlled with FOC
method by using Simulink model and the Kp and KI coefficients of PI have been determined by using ZieglerNichols method.
Keywords: PMSM, field oriented control, Ziegler-Nichols method, hydraulic servo motor.

1. Introduction
The use of PMSM in industrial applications is getting more common each day due to their
advantages on other electric motor types. Thanks to rapid development in both power electronics
and control systems more and more areas can benefit from the advantages of the PMSM [1]. There
are many control methods on PMSM systems for example sliding mode extended state observer
(SMESO) technique, an adaptive disturbance compensation finite control set optimal control
strategy [2], using linear state feedback controller using the Jacobian linearization [3] or combining
Generalized Predictive Control (GPC) with Sliding Mode Disturbance Compensation [4] there are
also direct torque control technique which also may include fuzzy logic in the control system [5]
but FOC method has significant advantages against the other methods this control method could
be applied all kinds of electrical motors by using space vector algorithms [6]. P, PI and PID
controllers could be used for speed control in this motor type. Even though PI and PID have simple
structures they are widely used in industrial applications. In order to control a system with a PI
controller first the controller parameters shall be determined. A good method for determining these
parameters is the Ziegler-Nichols method. This method has been used in this paper to speed
control a PMSM model in Matlab/Simulink [7].
2. PMSM Model and Control
In order to implement our control system on a PMSM model first we need the mathematical model
of the motor by using the equivalent motor circuit. The mathematical equations and equivalent
circuit of PMSM has been shown below.
Vd  Rsid  Ld

diq
did
 Niq Lq ,Vq  Rsiq  Lq
 N (id Ld  m )
dt
dt

V0  Rs i0  L0
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T

3
N (iq (id Ld  m )  id iq Lq )
2

(3)

where:

Ld  Ls  M s  3 Lm , Ld is the stator d-axis inductance.
2
Lq  Ls  M s  3 Lm , Lq is the stator q-axis inductance.
2
L0  Ls  2M s , L0 is the stator zero-sequence inductance.

 is the rotor mechanical rotational speed.

N is the number of rotor permanent magnet pole pairs.
T is the rotor torque.
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Fig. 1. PMSM Simulink Model Block

The Field Orientated Control (FOC) consists of controlling the stator currents represented by a
vector. This control is based on projections which transform a three phase time and speed
dependent system into a two co-ordinate (d and q co-ordinates) time invariant system. These
projections lead to a structure similar to a DC machine control. Field orientated controlled
machines need two constants as input references: the torque component (aligned with the q coordinate) and the flux component (aligned with d co-ordinate). As Field Orientated Control is simply
based on projections the control structure handles instantaneous electrical quantities [8]. This
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makes the control accurate in every working operation (steady state and transient) and
independent of the limited bandwidth mathematical model. The FOC thus solves the classic
scheme problems [9] [10].

Fig. 2. Vector Control Block Scheme [11]

Fig. 3. PMSM FOC Model in Simulink

Figure 3 shows the simulation block diagram. Ziegler–Nichols method is a technique used in PID
tuning to find ideal parameters. Method find these parameters by trial and error. The steps to use
this method is as follows.
• The I and D gains are first set to zero.
• The "P" gain is increased until it reaches the "critical gain" Kcr at which the output of the loop
starts to oscillate.
• Kcr and the oscillation period Pcr are used to set the gains as shown.
Ziegler-Nichols Method
Control Type

Kp

Ki

Kd

P

0.5Kcr

-

-

PI

0.45Kcr

KpPcr/1.2

-

PID

0.6Kcr

KpPcr/2

KpPcr/8
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The values are given by

Kcr  11.11 ,
K p  0.45*11.11  5

K p * Pcr  T  12
Ki  T /1.2  10
By using the P and I parameters that has been calculated above, we ran our simulations and
obtained the speed graphic of PMSM as shown below.

Fig. 4. Motor Mechanical Speed [rad/s]

As seen from the figure, we can control the speed of the PMSM very precisely by using the
parameters that we found by using Ziegler-nichols method.
3. Conclusions
In this study, speed control of the PMSM has been performed by using Ziegler-Nichols method on
Matlab/Simulink software. Ziegler Nichols method has been successful on designing parameters
and controlling PMSM speed according to the simulation results.
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Abstract: In industrial applications, the Big Blaster type air-cannon systems are used for clearing/cleaning
bunkers/hoppers and silos of bulk/powder material in cement mills and building material factories, coal
thermal power stations, mining industry and ferrous metallurgy, etc. The paper presents some of the
research conducted in the field of aerodynamics and the results obtained for these types of mechanicalpneumatic equipment. In terms of the theoretical research, with reference to the law of conservation and
transformation of energy of compressible fluids under non-permanent flow state, an analysis was carried out
for the gas dynamics phenomenon of blast air stored in a container flowing through an opening, i.e. for the
sonic flow rates and time duration of the phenomenon. Also in relation to the theoretical level, the
phenomenon is customized for the actual parameters of an air cannon type TP150, featuring a tank capacity
of 150 liters, a round discharge opening with DN100 mm and maximum operating pressure of 10 bar. The
developed measuring system is based on the data acquisition board which allowed the recording of the
dynamic phenomenon of critical discharge and by default the actual pneumatic pulse duration, and the
software application for the analysis of the actual pneumatic pulse duration is created in LabVIEW
programming environment.
Keywords: Big-Blaster cannon, thermal aerodynamics, sonic airwave, data acquisition, LabVIEW

1. Introduction
Air cannons (TP) presented in simplified form in Figure 1 are mechanical-pneumatic equipment
which store potential compressed air energy into a container, and further converts it instantly by
external control through a set of special air valves into kinetic energy and implicitly into useful
mechanical work.

Fig. 1. Air cannons

In industrial technical applications, the Big Blaster type air-cannon systems designed and
manufactured by ICMET CRAIOVA [1, 2] presented in Figure 2, are used in cement mills and
building material factories, coal thermal power stations, mining industry and ferrous metallurgy, etc.
Thus, the pneumatic shock wave generated and guided through pipes and nozzles ensures the
unlocking and cleaning of bunkers/hoppers, silos where tens and hundreds of tons of bulk and
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powder material are stored/decanted, such as: cement, lime, ores, coke, charcoal, etc.

Fig. 2. Big-Blaster type air cannon systems

In general, in order to cover the entire range of applications for the beneficiaries, the air cannons
governed by the European directives on pressure equipment are designed in various types and
sizes. They are defined by design values (air capacity, loading/working pressure), and the
performances are ensured by discharge parameters such as: discharge rate, duration of pneumatic
pulse or impact force.
The equipment is designed and sized in order to achieve a sudden/blast release of the potential
energy stored in the container through a set of special air valves [3], i.e. sonic discharge rates and
pneumatic pulse durations of the order of milliseconds. These features distinguish between the
types of air cannons developed by various specialized companies in Germany, France, Poland,
Romania etc. [2, 4, 5] from the point of view of efficiency of use.
2. The thermodynamics of the compressed air discharge – a theoretical approach
The thermodynamic condition of compressible fluids with mass m, is defined by energy parameters
pressure p, temperature T and volume V, according to the next state equation of perfect gases [6]:

p V  m  R  T

(1)

where R is the constant specific to each gas (for air pressure R=287 m2/s2·K
In the case of compressible fluid dynamics, gas (air) flow is studied at rates comparable to the
speed of sound, a process where compressibility and thermal phenomena cannot be neglected. In
the case of compressible fluids with adiabatic flow, the law of density variation ρ, depending on
pressure p, in two initial and final moments, is indicated by [6]:
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p
p
 o
 k ok

or

p    R T

(2)

where k- adiabatic coefficient, specific to each type of gas (k=1,4 air)
In the case of adiabatic (constant-entropy) flow, with compressible fluids rate "v", the law of
conservation and transformation of energy of compressible fluids under non-permanent flow
follows the Bernoulli equation [7]:

p
v2
k
p

 o ( )
2 k  1 o o

k 1
k



vo2
p
k

 o
2 k  1 o

(3)

In the case of sudden adiabatic expansion of compressed gas stored in the tank (vo = 0 m/s from
the relation (3), the rate of gas flow through a small and free opening becomes [6, 7]:

v

k 1
2k po
p k

 [1  (
)
]
k  1 o
o

(4)

If the section of gas flow from the tank is Sc, then the theoretical flow rate Qm is calculated by using
the known relation:

Qm  S c  v  

(5)

The speed of sound in air "a" is determined by using the known relation [7]:

a

kp



 k  R T

(6)

In standard atmospheric conditions: a  k  R  T  1.4  287  288  340 m / s
In aerodynamics, local Mach number is defined as M  v / a
Under the situation where M  1 , then v  a  340 m / s , and the flow/discharge is called sonic
(critical or Laval state). For M˂1 (v˂a) there is subsonic discharge, while for M>1 (v>a) we have
the supersonic discharge situation.
In the case of our application, i.e. the sonic discharge of the blast air stored in the air cannon tank,
the phenomenon corresponds to non-permanent flow which occurs over a very short time period.
The analysis of this dynamic phenomenon will be carried out by using the sampling method, i.e. as
if the process occurs through successive decrease in pressure with a rate of 1 bar, starting from
the maximum pressure in the container of 10 bar (10·105 N/m2). Thus, for the 9 successive
pressures ranges (10÷9 bar; 9÷8 bar; … 2÷1 bar), the phenomenon is analyzed in terms of the
discharge rates, by applying the relation (4) and the blast air dynamic density by applying the
relation (2).
The discharge occurs in standard atmosphere, with known parameters: p=pat=1·105 N/m2 (1 bar);
T=273+15=288K(15C) ; ρ=1.2 Kg/m3.
For the first discharging interval analized, respectively for air discharging from 10 bar pressure to 9
bar pressure, it will result:

p med 

v

p
10  9
9.5  105
 9.5bar  9.5  105 N / m 2 ; 0  med 
 11.4Kg / m3
2
R  T 287  288

1.41
k 1
5
5
2

1
.
4
9
.
5

10
1

10
2k p o
p

 [1  (
) 1.4 ]  523 [m / s]

 [1  (
) k ]; v
5
1.4  1 11.4
k  1 o
o
9.5  10
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For intermediate ranges the calculations are similar.
For the last discharging interval analized, respectively for air discharging from 2 bar pressure to 1
bar pressure, the speed will be:

p
1.5  105
p med  1.5bar  1.5  105 N / m 2 ; 0  med 
 1.8Kg / m3
R  T 287  288

1.4 1
2  1.4 1.5  105
1  105 1.4
v

 [1  (
)
]  253 [m / s]
1.4  1 11.4
1.5  105

(9)

(10)

In the case of blast air discharged from the air cannon tank with volume V=0.150 m3, charged at
the initial pressure p=10 bar, which corresponds to the initial blast air mass m=1.814 Kg, the
phenomenon (partial mass flow) can be analyzed in terms of decreasing pressure ranges with rate
p=1 bar, in relation to the flow output (relation 5) and the duration of each of these pneumatic
pulses, as follows:
10 bar→9 bar corresponding to the blast air discharge from 10 bar pressure to 9 bar pressure:

p
p
m  m10  m9  V  (10  9 )  V  ( 10  9 )
R T R T
10  105  9  105
(10  9)  105
 0.150  (
)  0.150 
 0.181 Kg
287  288
287  288

(11)

The mass flow rate corresponding to the discharge to the atmosphere (pat=1 bar ; ρat=1.2 Kg/m3)
from 10 bar pressure to 9 bar pressure, i.e. the mass output m=0.181Kg through section S=78.5
cm2=78.5·10-4 m2, with calculated rate v=523 m/s, is [3]:

  v  S  at  523  78.5  104  1.2  4.92 Kg / s
m

(12)

The duration “ t10-9 ” of the discharge to the atmosphere of m=0.181 Kg of blast air from initial 10
  4.92 Kg / s is [3]:
bar pressure to 9 bar pressure, with flow rate m

m 0.181
t109 

 0.036 s

m
4.92

(13)

The period of time „ t2-1” , for the last discharging interval analized, respectively for air discharging
from 2 bar pressure to 1 bar pressure, will result :

m  m 2  m1  V  (2  1)  0.150

(2  1) 105
 0.181 kg
287  288

  v  S  at  253  78.5 104 1.2  2.383 kg / s
m

t 21 

m 0.181

 0.075 s

m
2.383

(14)
(15)
(16)

The period of time for full discharge of the tank (air cannon working time) from 10 bar initial
pressure to atmospheric pressure pat=1 bar, is obtained by summing the calculated times [8]:

t101  t total  t109  t 98  ...  t 21
t total  0.036  0.037  0.038  0.039  0.040  0.042  0.045  0.052  0.075  0.404 s
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The state of the system for TP150 air cannon, and the thermodynamic quantities are presented in
table no.1

Duration of
phenomenon
t [s]

0.150

288

12.1

0

-

Initial steady state

Sonic adiabatic
expansion

10→9

0.150

288

11.4

523

0.036

non-permanent
sonic flow

Sonic adiabatic
expansion

9→8

0.150

288

10.2

512

0.037

non-permanent
sonic flow

Sonic adiabatic
expansion

8→7

0.150

288

9

500

0.038

non-permanent
sonic flow

Sonic adiabatic
expansion

7→6

0.150

288

7.8

488

0.039

non-permanent
sonic flow

Sonic adiabatic
expansion

6→5

0.150

288

6.6

470

0.040

non-permanent
sonic flow

Sonic adiabatic
expansion

5→4

0.150

288

5.4

451

0.042

non-permanent
sonic flow

Sonic adiabatic
expansion

4→3

0.150

288

4.2

418

0.045

non-permanent
sonic flow

Sonic adiabatic
expansion

3→2

0.150

288

3

366

0.052

non-permanent
sonic flow

Subsonic diabatic
expansion

2→1

0.150

288

1.8

253

0.075

non-permanent
subsonic flow

Stationary state

1

0.150

288

1.2

0

-

Final steady state

Rate v
[m/s]

10

Density ρ
[Kg/m3]

Adiabatic
compression

Volume V
[m3]

Thermodynamic
state

Pressure p
[bar]

Temperature
T [oK]

Table 1: State of the system (TP150 air cannon) and the calculated aerodynamic quantities
Aerodynamic
State variables
parameters
Observations

The state of the system (TP150 air cannon) and the thermodynamic quantities are presented in a
centralized form as follows:
Total sonic adiabatic expansion time (10 bar → 2 bar range): t=0.329 s
Total sonic adiabatic expansion time (9 bar → 2 bar range): t=0.293 s
Total subsonic adiabatic expansion time (2 bar → 1 bar range): t=0.075 s
Total air cannon discharge time (10 bar → 1 bar range): t=0.404 s
Total air cannon discharge time (9 bar → 1 bar range): t=0.368 s.
3. Hardware and software description of measurement system
Rapid advances in Personal Computer (PC) hardware and software technologies have resulted in
easy and efficient adoption of PCs in various precise measurement and complex control
applications [9].
A PC based measurement or control application requires conversion of real world analog signal
into digital format and transfer of digitized data into the PC. A data acquisition system that performs
conversion of analog signal to digital data and the digital data to analog signal is interfaced to a PC
242

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
to implement the functions of measurement and control instrumentation applications [10-12].
3.1 Hardware description
The data acquisition system consists of the following components:
- a process computer running the application software;
- a Data Acquisition Board NI USB-6009;
- an electronic pressure sensor.
The NI USB-6009 data acquisition device is ideal for applications where a low-cost, small form
factor and simplicity are essential. With plug-and-play USB connectivity, these devices are simple
enough for quick measurements but versatile enough for more complex measurement applications.
The NI USB-6009 has 8 analog inputs, 2 analog outputs, 2 digital inputs/outputs and 32-bit
counter. Maximum sample speed by each analog input is 48 kS/s. Sample speed on analog
outputs is 150 Sample/s and it can't be changed. Analog inputs have 14-bit resolution and analog
outputs have 12-bit resolution [13].
A transducer is a device that converts a physical phenomenon into a measurable electrical signal,
such as voltage or current. The ability of a DAQ system to measure different phenomena depends
on the transducers to convert the physical phenomena into signals measurable by the DAQ
hardware. Transducers are synonymous with sensors in DAQ system. There are specific
transducers for many different applications, such as measuring temperature, pressure, or fluid flow.
Below we see some common phenomena and the transducers used to measure them.
The parameters of the pressure sensor type PN2593 produced by IFM company are:
- Measuring range: -1...25 bar / -14.5...362.5 psi / -0.1...2.5 MPa;
- Function programmable;
- Measuring element: ceramic-capacitive pressure measuring cell;
- Process connection: G ¼ A / M5 I (according to DIN EN ISO 1179-2);
- Output function: 2 x normally open / closed programmable or 1 x normally open / closed
programmable + 1 x analog (4...20 mA / 0...10 V; programmable 1:5)
- Shock resistance: DIN EN 60068-2-27 50 g (11 ms);
- Vibration resistance: DIN EN 60068-2-6 20 g (10...2000 Hz);
- Response time analog output: < 3 ms;
- Operating voltage: 19-30 V c.c.;
- Weight: 0.218 kg.
3.2 Software description
The application software for acquisition and analysis of the pressure signal is developed in
LabVIEW. The application software transforms the PC and the data acquisition USB 6009 into a
complete data acquisition, analysis, and presentation tool.
The software LabVIEW is a programming environment based on G language (graphic language)
core intended mainly to develop applications for data control and acquisition, their analysis and
results presentation, develop an interface to allow for the data analysis. LabVIEW contains a
comprehensive set of tools for acquiring, analyzing, displaying, and storing data, as well as tools to
help us troubleshoot the code you write [9].
The application software is based on state machines. A state machine is programming architecture
that can be used to implement any algorithm that can be explicitly described by a state diagram or
flowchart. The main states of the algorithm are acquisition of the pressure signal, analysis of the
pressure signal and the ratio by the waveform graph of the pressure discharge. According to the
analysis stages the main structure used to develop the software application is flat sequence
structure. Data flow for the flat sequence structure differs from data flow for other structures.
Frames in a flat sequence structure execute from left to right and when all data values wired to a
frame are available. The data leaves each frame as the frame finishes executing. This means the
input of one frame can depend on the output of another frame [10-13].
The interface of the application software is developed in a menu-based system for easy and
efficient management of acquisition and analysis of the pressure signal.
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Figure 3 shows the time evolution of the pressure signal for the entire period of the 150 liters tank
loading process.

Fig. 3. Software interface of the acquisition and analysis for pressure signal

In general, data acquisition programming with DAQmx involves the following steps: create a Task
and Virtual Channels, configure the Timing Parameters, start the Task, perform a Read operation
from the DAQ, stop and Clear the Task as presented in Figure 4 [14, 15].
Technical Data Management Streaming (TDMS) file format was used for storing data [9]. This file
format is a specific type of binary file created for National Instruments products. It actually consists
of two separate files: a XML section contains the data attributes, and a binary file for the waveform.
In order to analyze the pressure discharge area, we use the option of zooming in on an area of the
graph along the x-axis (time) as presented in Figure 5.

Fig. 4. The block diagram of the pressure acquisition
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Fig. 5. The block diagram of the pressure analysis

4. Experimental research
The experimental research which performed the on-line recording of the dynamic phenomenon of
critical discharge, allowed the determination of the pneumatic pulse duration Δt, for the 8 pressure
ranges 9 → 1 bar. The critical discharge of the TP 150 air cannon is presented in Figure 6.
Figures 7 and 8 show the time evolution of the pressure discharge from the pneumatic tank.

Fig. 6. Critical discharge of TP 150 air cannon
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Fig. 7. Time evolution of the pressure discharge - details

Fig. 8. Time evolution of the pressure highlighting the ranges between 9 to 1 bars
Table 2: The state of the system (TP 150) and the duration of the pneumatic pulse
measured and recorded during the air cannon discharge
Pressure range [bar]
Time range [ms]
9÷8

30

8÷7

24

7÷6

25

6÷5

26

5÷4

34

4÷3

47

3÷2

62

2÷1

84
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The graphical recording of the pressure decrease p [bar] with time Δt [ms] reads as follows:
Total sonic adiabatic expansion time (9 bar → 2 bar), Δt =0.248 s;
Total subsonic adiabatic expansion time (2 bar → 1 bar), Δt =0.048 s;
Total air cannon discharge time (9 bar → 1 bar), Δt =0.332 s;
These values of the pneumatic pulse duration Δt determined by experiments are close to the
values determined and presented in the paper at the theoretical research chapter and can define
the dynamics of the sonic discharge phenomenon in type TP 150 air cannons.
5. Results and interpretation
The results of the theoretical research presented under a systematized form in table 1 describe the
thermodynamic state of the system (TP150 air cannon) in balanced state (p = 10 bar/charged, p =
1 bar/discharged) as well as the intermediate states - dynamics of transformation for the 9
pressure ranges from 10 bar to 1 bar.
The adiabatic expansion, for the pressure drop range from 10 bar → 2 bar is of sonic type, i.e. the
rate is superior to the local speed of sound (v>340 m/s), and at the end of the range, i.e. for the
range 2 → 1 bar there is subsonic adiabatic exchange (v253 m/s ˂340 m/s).
The calculated pneumatic pulse duration Δt, through the discharge opening is noted to be shorter
for higher pressure values (10 → 4 bar) and increases with the decrease in pressure to the
atmospheric pressure value (4 → 1 bar).
The experimental research which performed the on-line recording of the dynamic phenomenon of
critical discharge, allowed the determination of the pneumatic pulse duration Δt, for the 8 pressure
ranges 9 → 1 bar. The data presented in table 2 show that the pneumatic pulse duration is shorter
at higher pressure values (9 → 6 bar) and increases continuously with the decrease in pressure to
the atmospheric pressure value (4 → 1 bar).
The long duration Δt = 30 ms, for the pressure range 9 → 8 bar is abnormal and is due to the fact
that the construction of the air cannon TP150 includes a compression spring located behind the
piston which slows the recoil/release stroke.
In conclusion, in the range of pressure drop 9 → 2 bar, the duration of the air cannon discharge
determined theoretically by calculation Δt = 0.293 is close to the value determined by experimental
methods Δt = 0.248 s. The two sets of results are comparable and we consider that they can
define this complex phenomenon of critical discharge.
The high operating pressures in the range 4 ÷ 10 bar create flow rates superior to the sonic speed
(v > 340 m/s), a short duration of the pneumatic pulse and thus generate a superior efficiency of air
cannons use.
The impact force developed in the air cannon discharging, i.e. the force which generates the useful
work, is another important feature to be studied. This raises particular problems due to the fact that
it has a dynamic nature, is generated by the sonic flow of a pressure gas, for a very short period of
time, which in turn requires a theoretical approach and an experimental model for validation.
In synthesis we can conclude that:
 The adiabatic expansion, for the pressure drop range from 10 bar → 2 bar is of sonic type.
 The adiabatic expansion, for the pressure drop range from 2 bar → 1 bar is of subsonic
type.
 The high operating pressures in the range 4 ÷ 10 bar create flow rates superior to the sonic
speed (v > 340 m/s), a short duration of the pneumatic pulse and thus generate a superior
efficiency of air cannons use.
 The two sets of times Δt (calculated and experimentally determinated) are comparable and
we consider that they can define this complex phenomenon of critical discharge.
6. Conclusions
In this paper was presented at the theoretical level, the phenomenon is customized for the actual
parameters of an air cannon type TP150, featuring a tank capacity of 150 liters, a round discharge
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opening with DN100 mm and maximum operating pressure of 10 bar. Also was presented a
developed measuring system based on the data acquisition board which allowed the recording of
the dynamic phenomenon of critical discharge and by default the actual pneumatic pulse duration,
and the software application for the analysis of the actual pneumatic pulse duration created in
LabVIEW programming environment.
The impact force developed in the air cannon discharging is another important feature which will be
studied in future works.
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HYDRAULIC CYLINDER ENDURANCE TEST
Teodor Costinel POPESCU1, Radu Iulian RĂDOI1, Mihai-Alexandru HRISTEA1
1)

INOE 2000-IHP Bucharest; popescu.ihp@fluidas.ro

Abstract: From inventorizing the tests and verifications to which the hydraulic cylinders are subjected, it is
found that the endurance test, which establishes the normal service life, is very energy-consuming. This
energy consumption is caused both by the duration of the test and the fact that it is carried out at rated
power. Starting from stand diagrams for energy recovery in endurance tests on rotary positive displacement
machines, existing in the literature, the authors of this paper develop a similar diagram, intended for
endurance tests on hydraulic cylinders.
Keywords: Energy consumption, endurance, hydraulic cylinders

1. Introduction
Tests on general use hydraulic cylinders must contain the following information: name, destination,
symbolization and hydraulic diagram; values of the functional parameters listed in the Table 1;
conditions for use in hydraulic diagrams; data on braking at the end of stroke (type, adjustment
mode, etc.); conditions for mounting (position, fastening mode, etc.), connecting and
commissioning; admissible non - coaxiality of the drive force against the geometric axis of the
cylinder; content in dust, water and aggressive substances in the environment in which the
cylinders can operate normally; maintenance conditions; type of functional characteristics to be
determined; reliability indicators.
Table 1: Functional parameters of hydraulic cylinders
Item
no.
1.

Parameter name

Main
dimensions
2.
Main
dimensions of
telescopic
cylinders
3.

Rated force

4.

Piston speed

5.

Total efficiency

Symbol

Rated pressure
Rated bore of the cylinder (piston or
plunger diameter)
Rod diameter
Piston stoke
Active surface ratio
(for differential cylinders)
Active diameters of the extension steps
1...n
Active diameters of the retraction steps
1...n
Strokes of the pistons 1...n
Total cylinder stroke
thrust
tensile
minimum
maximum
thrust
tensile

249

pn

Measurement units
SI
Permissible
N/m2
bar

D

mm

d
L

mm
mm

ᵠ

-

D1...Dn

mm

d1...dn

mm

L1...Ln
L

mm
mm
N
N
m/s
m/s
-

vmin
vmax
η=f(p)
η=f(v)
η=f(p)
η=f(v)
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Table 1: Functional parameters of hydraulic cylinders (continued)
Item
no.

6.

7.
8.

Parameter name

Symbol

Fluid type
Minimum kinematic viscosity
Optimum kinematic viscosity
Working fluid
Maximum kinematic viscosity
Minimum temperature
Maximum temperature
minimum
Ambient
temperature
maximum
Cylinder mass (without working fluid)

νmin
νopt
νmax
tmin
tmax
tmin
tmax
m

Measurement units
SI
SI
mm2/s
mm2/s
mm2/s
K
K
K
K
kg

cSt
cSt
cSt
0
C
0
C
0
C
0
C
-

As part of the type, periodic and batch checks on hydraulic cylinders the tests indicated in the
Table 2 shall be carried out.
Table 2: Tests and checks on hydraulic cylinders
Item
no.
1.
2.
3.

Technical condition to be verified

type
x
x
x

Checks
periodic
x
x
x

batch
Appearance
x
Dimensions of gauge and connection
x1)
Functioning
x
Quality of materials and dimensional checks on the main parts
4.
x
x
and subassemblies
5.
Cylinder mass (without working fluid)
x
x
minimum for piston displacement
x
x
x
6.
Pressure
at the start
x
x
x
thrust
x
x
x
7.
Force
tensile
x
x
x
minimum
x
x
8.
Piston speed
maximum
x
x
internal
x
x
x
9.
Tightness
external
x
x
x
10.
Braking at the end of stroke
x
x
11.
Pressure resistance
x
x
x1)
12.
Plotting the characteristic curves
x
x
13.
Functioning at cut-off temperatures
x
14.
Functioning time (endurance)
x2)
15.
Reliability
x
1)
The check can be performed by sampling. The size of the sample lot and the acceptance conditions will be
determined by the technical documentation.
2)
100000 cycles are performed, at rated power, then internal tightness is checked;
no external leakage is allowed. The test is very energy-consuming. Stands with energy recovery are
recommended.

2. Energy recovery in endurance tests on rotary positive displacement machines
During the endurance tests on rotary positive displacement machines energy consumption shall be
reduced by simultaneous testing of two machines, hydraulically connected in a closed circuit, one
operating as a pump and the other as a motor. The hydraulic power produced by the pump is reused to drive the pump through the motor. Thus, the power supplied to the system must cover the
difference between the power consumed by the pump and that supplied by the motor; this energysaving process is called "recirculation of hydromechanical power" and it can be materialized with
several types of diagrams, which differ by the power loss compensation mode.
250

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
2.1 Mechanical compensation of power losses by using one adjustable machine
In the case of mechanical compensation the energy source is an electromotor. If one of the
machines under tests is adjustable, there is used the diagram in the Figure 1, characterized by the
coupling of the two machines via the electric motor (np = nm = n).

Fig. 1. Stand with mechanical compensation of power losses, an adjustable machine and a fixed machine

If the flow rate provided by pump, Qp, is equal to the one used by motor, Qm, pump discharge
pressure, p, is practically null; as the pump capacity, Vp, increases relative to the motor capacity
Vm, its discharge pressure increases to evacuate the excess flow through clearances and gaps.
The normally closed valve limits the pressure p to the rated value specific to the tested machines.
The power supplied by electromotor, Ne, is the difference between the power absorbed by pump,
Np, and the one provided by motor, Nm:
(1)
Where

(2)

and

(3)

It results:

(4)

This power is minimal if the valve flow is null, so:
(5)
It results:

(6)

and

(7)

For instance, for ηvp = ηvm = 0.95 and ηtp≅ ηtm = 0.9, it is required that (Vp/Vm)min≅1.1 and (Ne
/Ntm)min≅0.33.
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2.2 Mechanical compensation of power losses by using two fixed machines with equal
capacities
If the machines have equal and constant capacity, Vp = Vm = V, the electromotor and the hydraulic
motor must drive the pump through a speed multiplier with the transmission ratio i = np / nm>1
(Figure 2).

Fig. 2. Stand with mechanical compensation of power losses and two fixed machines

In this case

(8)
(9)
(10)

So

(11)

The flow discharged through the testing pressure control valve is calculated from the continuity
equation:
(12)
So

(13)

Or

(14)

The minimum value of the transmission ratio is determined from the condition that the flow through
the valve to be null (Qs = 0):
(15)
The minimum power provided by the electromotor is the same as the one in the previous case.
If i = 1.15, ηtp≅ ηtm = 0.9 and ηvp≅ ηvm = 0.95, Qs / Qtm = 0.04 and Ne /Ntm≅0.38.
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2.3 Mechanical compensation of power losses by using an auxiliary pump
Hydraulic power loss compensation is performed by means of an auxiliary pump according to the
diagram in Figure 3.

Fig. 3. Stand with hydraulic compensation of power losses

If the valve flow is null, from the continuity equation
(16)
pump and motor speed result:
(17)
Where Qpa is the flow rate of the auxiliary pump.
From the system of equations
(18)
(19)
one can deduce pressure drop on the motor, as a function of pressure drop across the throttle,
∆pd:
(20)
The capacities of the tested machines are chosen or adjusted, so that
(21)
so the motor capacity must always be higher than the pump capacity:
(22)
If the denominator of the equation (20) is very small, a low pressure drop across the throttle
generates large test pressures.
The power consumed by the stand is equal to the power of the auxiliary pump:
(23)
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For instance, if Vm ηtp ηtm / Vp ηvm ηvp = 1.025, it results pm = 40 ⋅∆pd.

A pressure drop of 10bar across the throttle results in a motor test pressure pm =200 bar, and pp =
210 bar.
Admitting that ηtp =ηtm = 0.9 and neglecting the volumetric efficiencies, it results Vm / Vp≅1.265.
If Vp = 125 cm3/rev, Vm = 158.1 cm3/rev; at n = 1000 rev/min and ηvp≅ ηvm = 0.95, the auxiliary
pump must supply the flow rate Qpa = 0.795 l/s.

For ηtpa≅0.9, the auxiliary pump consumes the power Npa = 17.65 kW, while the theoretical power
of the tested motor is Ntm = 47.43 kW, so Ne/ Ntm = 17.65 / 47.43= 0.37.

3. Stand with energy recovery for endurance tests on hydraulic cylinders
As an extension of the stand with mechanical compensation of power losses (Figure 1), used at
the simultaneous endurance testing of two rotary positive displacement machines (a pump and a
motor), the power recirculation stand shown in Figure 4 is developed, for performing endurance
tests, with energy saving, on hydraulic cylinders.

Fig. 4. Power recirculation stand for endurance tests on hydraulic cylinders
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The stand in Figure 4 has the following advantages: it has a single pumping group for the test
cylinder, and for the load cylinder the hydraulic oil supply is based on its operation in the pump
mode; it has a single electrohydraulic directional valve for controlling the displacement of the two
cylinders; it operates on the basis of "recirculation of hydromechanical power"; energy dissipation
in heat is reduced, due to a much smaller flow discharged to the tank, through a single normally
closed pressure valve; it requires small oil coolers.
The electromotor 3 of the stand has two drive heads, to which there are coupled a fixed positive
displacement pump 1, which absorbs from the oil tank 2, and a fixed hydraulic motor 4. The two
hydraulic cylinders are identical; one of them is for testing 13, the other is a load cylinder 9. They
have their rods fixed in the coupling 11 and they can move between two stroke limiters, namely
towards the limiter 10, when to electrically driven hydraulic directional valve 14 the electromagnet a
is switched, and towards the limiter 12, when to hydraulic directional valve the electromagnet b is
switched. The check valve 5 allows hydraulic oil supply of the hydraulic motor from the tank in the
non-actuated position of the hydraulic directional valve, and the check valves 8.4 and 8.2 allow,
when the electromagnet a is switched, oil supply to the rod chamber of the load cylinder, and
respectively oil discharge from the piston chamber of the load cylinder. The check valves 8.1 and
8.3 allow, when the electromagnet b is switched, oil supply to the piston chamber of the load
cylinder, and respectively oil discharge from the rod chamber of the load cylinder. The stand is also
equipped with a testing pressure control valve 7, the pressure gauge 15, which reads the adjusted
pressure and the oil-water cooler 6.
While the electromotor 3 is running and the directional control valve 14 is not actuated, the fixed
pump is driven idle, the hydraulic cylinders 13 and 9 do not move, the hydraulic motor 4 is also
driven by the electromotor and supplied through the check valve 5, which opens.
The stand operates in two modes: manual mode, through which the hydraulic circuits are aerated
/ filled with oil and the test pressure is adjusted; automatic mode, through which the endurance
test is performed at the set pressure.
In manual mode the electromagnets a and b are manually operated, and the testing pressure is
adjusted by means of valve 7 and pressure gauge 15.
In automatic mode the actuation of electromagnets a and b is made from the automation panel of
the stand, depending on the signals received from the stroke limiters 10 and 12, and the operation
of the stand is as follows:
When the electromagnet a is switched on the spool valve of the hydraulic directional valve moves
to the left position, the pump 2 sucks out of the tank and discharges in the chamber of the cylinder
13 piston, which expands its volume, and the cylinder 13 rod chamber collapses in volume, the oil
being discharged through the directional valve to the tank. The effect of varying the volume of the
two chambers is the displacement of the cylinder 13 rod to the right. The coupling 11 in this
movement also drives the cylinder 9 rod. By displacement of this rod, the cylinder 9 rod chamber
expands in volume and sucks oil out of the tank, through the check valve 8.4, which opens, the
cylinder 9 piston chamber collapses in volume and discharges oil through the check valve 8.2,
which opens, on two circuits: a larger part on the hydraulic motor 4 intake circuit, and a smaller
part, equal to the difference between pump flow and motor flow, through the valve 7.
When the electromagnet b is switched on the spool valve of the hydraulic directional valve moves
to the right position, the pump 2 sucks out of the tank and discharges in the chamber of the
cylinder 13 rod, which expands its volume, and the cylinder 13 piston chamber collapses in
volume, the oil being discharged through the directional valve to the tank. The effect of varying the
volume of the two chambers is the displacement of the cylinder 13 rod to the left. The coupling 11
in this movement also drives the cylinder 9 rod. By displacement of this rod, the cylinder 9 piston
chamber expands in volume and sucks oil out of the tank, through the check valve 8.1, which
opens, the cylinder 9 rod chamber collapses in volume and discharges oil through the check valve
8.3, which opens, on two circuits: a larger part on the hydraulic motor 4 intake circuit, and a smaller
part, equal to the difference between pump flow and motor flow, through the valve 7.
To avoid cavitational wear of the load cylinder it is recommended either to overfill it or that the oil
tank be mounted above the hydraulic cylinders.
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Conclusions
Two rotary positive displacement machines, a pump and a motor can be subjected to endurance
tests at the same time, in advantageous conditions in terms of power consumption, by using three
methods:
a) Mechanical compensation of power losses, based on the coupling of the drive axles of the
two positive displacement machines, via a two-axis electromotor or an electromotor with a
drive shaft and 1:1 ratio gear transmission. In this case the rotative speeds of the two
machines are equal (np = nm), and the geometric volume of the pump is higher than that of
the hydraulic motor (Vp˃Vm
b) Mechanical compensation of power losses, based on the coupling of the drive axles of the
two positive displacement machines, via an i = np / nm>1 ratio gear transmission. In this case
the geometric volumes of the two machines are equal (Vp=Vm , and the pump speed is
higher than the motor speed np>nm;
c) Hydraulic compensation of power losses by using an auxiliary pump. In this case the
rotative speeds of the two cars are equal (np = nm), and the geometric volume of the
hydraulic motor is greater than that of the pump (Vm˃Vp
In the a) and b) cases the power supplied by the electromotor represents the difference between
the power absorbed by the pump and that supplied by the hydraulic motor, and in the c) case the
power supplied by the electromotor is equal to the power consumed by the auxiliary pump.
The a) case for conducting endurance tests on rotary positive displacement machines can be
extended to endurance tests on hydraulic cylinders, with the stand illustrated in the figure 4.
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Abstract: Through experimental tests and numerical simulations the authors of this paper demonstrate a
method of reducing energy consumption on the endurance stands of rotary and linear positive displacement
machines. The method is based on mechanical compensation of power losses, achieved by coupling the
drive shafts of two positive displacement machines, a pump and a rotary motor, with pump capacity greater
than motor capacity and equal rotary speeds. The method can be applied in the simultaneous endurance
tests on the two rotary positive displacement machines, and by extension, on the endurance test stands
designed for hydraulic cylinders.
Keywords: Mechanical compensation of power loss, endurance, rotary and linear positive displacement
machines

1. Introduction
Mechanical compensation of power losses [1] can be done on the power recirculation stand in the
Figure 1, used for endurance tests on rotary positive displacement machines, and also on the power
recirculation stand in the Figure 2, used for endurance tests on linear positive displacement machines.

Fig. 1. Power recirculation at endurance tests on
rotary positive displacement machines:
1=tank; 2=fixed pump; 3= two-axis electromotor;
4=hydraulic motor; 5= pressure control valve;
6= return filter; 7=pressure gauge

Fig. 2. Power recirculation at endurance tests on
linear positive displacement machines

The tank, pump, electromotor, hydraulic motor, control valve, filter and pressure gauge which make
up the stand in the Figure 1 can also be found in the structure of the stand in the Figure 2. For both
stands the capacity of the pump is higher than the capacity of the hydraulic motor, and the rotary
speeds are equal.
In addition, the stand in the Figure 1 also contains the following parts [2]: 5= non-return valve for
supplying the hydraulic motor in the "non-actuated" position of the hydraulic directional valve with
electrical control 14; 8.1, 8.2, 8.3, 8.4= non-return valves for supplying / discharging the chambers
of the load cylinder 9; 10, 12=stroke limiters; 11=coupling; 13=test cylinder.
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For the stand in the Figure 1 a demonstrative experimental module has been developed in order to
promote the method of compensation for power losses at the stands for endurance tests, with low
energy consumption, of rotary and linear positive displacement machines.
2. Experimental determinations of recovered energy in endurance tests on positive
displacement machines
2.1. The demonstrative experimental module
The hydraulic basic diagram of a small demonstrative stand is shown in the Figure 3 and it
comprises: a fixed positive displacement pump with a capacity of 6 cm3/rev (2) and a fixed positive
displacement motor (3), with a capacity of 4 cm3/rev, both coupled to an electric motor (1), of 0.37
kW, with a constant rotary speed of 1375 rev/min; a pressure control valve (4); a 4/3 hydraulic
directional valve, with electric control (5), a pressure gauge (6) and an oil tank (7).
Physical development of the experimental demonstrative module, which in order to couple the
electromotor to the pump and hydraulic motor axes uses a gear transmission, with 1:1
transmission ratio, is shown in the Figure 4.

Fig. 3. Hydraulic diagram of the
experimental demonstrative module

Fig. 4. Physical development of the experimental demonstrative
module

In order to test the energy recovery system only the extreme switch positions of the sliding valve of
the 4/3 hydraulic directional control valve are used (excluding the center position).
When the electromagnet “b” of the directional control valve is actuated, there is achieved the
distribution “P” to “A” (a plug was fitted on “A”) and “B” to “T”, the entire flow of the pump is
discharged through the valve to the oil tank, the hydraulic motor feeds from the tank, being driven
at the same time with the pump by the electric motor, but it does not generate a mechanical torque
and does not “help” the electric motor which drives the two positive displacement machines.
When the electromagnet “a” of the directional control valve is actuated, there is achieved the
distribution “P” to “B” and “A” to “T”, (the plug remains fitted on “A”). The discharged flow of the
pump is divided into: 5.5l/min, entering the hydraulic motor, and 2.75l/min, conveyed through the
pressure control valve. The hydraulic motor is supplied by the pump and it is driven,
simultaneously with the pump, by the electromotor. In this situation the hydraulic motor contributes
to the production of part of the mechanical torque required to actuate the positive displacement
pump.
2.2. Experimental results
By using the test stand shown in the Figure 4 there have been measured: pump discharge
pressure - p (bar); single phase electric current absorbed by the motor - I (A) and electric motor
speed - nme=np=n (rev/min).
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To plot the experimental characteristics there have been calculated: hydraulic power
generated by the pump - Ph (W); power absorbed by the electric motor - Pa (W); power output
generated by the electric motor - Pu (W) and mechanical power generated by the hydraulic motor Pmh (W).
The following equations have been used:
(1)
where: Ph – hydraulic power (W); Vp - pump capacity (cm3/rev); np – pump speed, which is equal
to hydraulic motor speed nmh (rev/min); p – pump discharge pressure (bar); ηp – total pump
efficiency (-); 612 – dimensionless factor (-).
(2)
where: Pa – power absorbed by the electric motor (W); U – phase voltage (V); I – electric current
intensity (A);
(3)
where: Pu – power output generated by the electric motor (W);

I
[A]

– electric motor efficiency (-).

n
[min-1]

p[bar]
Fig. 5. The I=f(p) characteristic
Series 1: P to A;
Series 2: P to B

Ph
[W]

p[bar]
Fig. 6. The n=f(p) characteristic
Series 1: P to A;
Series 2: P to B

Pa
[W]

p[bar]
Fig. 8. The Pa=f(p) characteristic
Series 1: P to A;
Series 2: P to B

p[bar]
Fig. 7. The Ph=f(p) characteristic
Series 1: P to A;
Series 2: P to B
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(4)
where: Ph – hydraulic power (W); Vmh - hydraulic motor capacity (cm3/rev); nmh – hydraulic motor
speed nmh (rev/min); p – hydraulic motor intake pressure (bar); ηmh – total hydraulic motor
efficiency (-); 612 – dimensionless factor (-).
The figures 5...8 depict four characteristics determined experimentally, namely: variation of the
current absorbed by the electric motor I [A] (Fig. 5), variation of electric motor speed n[rev/min]
(Fig. 6), variation of hydraulic power generated by the pump Ph [W] (Fig. 7), variation of power
absorbed by the electric motor Pa [W] (Fig. 8), all depending on pump discharge pressure p[bar].
2. Numerical simulations on energy recovery in endurance tests on positive displacement
machines
2.1. Simulation model in AMESim
To study the dynamics of the energy recovery experimental demonstrative module the simulation
model in AMESim [3] shown in Figure 9 has been used.

Fig. 9. Simulation model in AMESim

The AMESim model includes an inductive electric motor, to which a load has been introduced to
simulate the inertial torque of the rotor and friction in the electric machine. To simulate system
operation, in versions with and without energy recovery, a friction coupling has been introduced,
which can be opened or closed, depending on the value of the excitation signal (0, and
respectively 1).
For the hydraulic motor there is also the possibility of changing the load value, by changing the
parameters of the inertial mass attached to its shaft.
Connecting and disconnecting the hydraulic circuit of the rotary positive displacement motor is
carried out via the hydraulic directional control valve, and pressure in the system is set through the
valve.
The two operating modes of the system are: with the hydraulic motor connected (with energy
recovery) and with the hydraulic motor disconnected (without energy recovery).
In "connected" operating mode the signal "1" is sent to the coupling and the normally closed valve
is set to the value of 30 bar.
In "disconnected" operating mode the excitation signal of the coupling is set to the value "0", to
interrupt the mechanical connection between the electric motor and the hydraulic motor. The
pressure in the system is then increased so that to the hydraulic motor shaft there is obtained the
same rotational speed as for the "connected" hydraulic motor. Thus it is possible to compare the
torques to the electric motor shaft, in the two operating modes, under the same loading conditions
for the consuming positive displacement machines.
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2.2. Results of numerical simulations
In the graph depicted by the Figure 10 one can notice that the torque of the electric motor drops
after the hydraulic motor speed becomes equal to the electric motor speed (lag of 0.1 s).
Electric motor torque [Nm]

Time [s]
Fig. 10. Variation over time of electric motor (EM) torque, disconnected (1) / connected (2) from / to the
hydraulic motor

In the graph depicted by the Figure 11 one can notice that the torque to the shaft attached to the
reducer drops after the hydraulic motor speed becomes equal to to the electric motor speed (lag of
0.1 s).
Transmission shaft torque [Nm]

Time [s]
Fig. 11. Variation over time of torque to the reducer shaft; the EM disconnected (1) / connected (2) from / to
the HM

In the graph depicted by the Figure 12 one can identify the time after which the hydraulic motor
speed is equal to the electric motor speed (0.1 s - "connected", and respectively 0.4 s "disconnected" from /to the electric motor).
Hydraulic motor speed [x 103 rpm]

Time [s]
Fig. 12. Variation over time of hydraulic motor (HM) speed; disconnected (1) / connected (2) from / to the HM
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In the Figure 13 one can notice the variation in flow through the pump, hydraulic motor and
normally closed valve.
Flow in the pump-valve-hydraulic motor node [l/min]

Time [s]
Fig. 13. Flow variation in the pump (1,2)–valve (3,4)-hydraulic motor (5,6) node

In the Figure 14 one can notice pressure variation in the pump-valve-directional control valve node.
Pressure in the pump-valve-directional control valve node [bar]

Time [s]
Fig. 14. Pressure variation in the pump-valve-directional control valve node; the EM disconnected (1)
/ connected (2) from / to the HM

Conclusions
Experimental tests performed on the demonstrative module shown in Fig. 4 have demonstrated the
efficiency of energy recovery, based on mechanical compensation of power losses, namely:
-

powering of the hydraulic motor coupled to the electric motor results in the doubling of the
pressure produced by the demonstrative stand, for the same current absorbed by the
electric motor. For instance, for I=2A, there results p=36 bar, when the hydraulic motor is
not powered by the pump, and respectively p=80 bar, when the hydraulic motor is powered
by the pump (Fig. 5);
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-

powering of the hydraulic motor coupled to the electric motor results in the doubling of the
pressure produced by the demonstrative stand, for the same speed of the electric motor.
For instance, for n=1300 rpm, there results p=20 bar, when the hydraulic motor is not
powered by the pump, and respectively p=40 bar, when the hydraulic motor is powered by
the pump (Fig. 6);

-

pump maximum hydraulic power and maximum pressure produced by the stand are:
Ph=480 W; p=48 bar, when the hydraulic motor is not powered, and respectively
Ph=1040W; p=90 bar, when the hydraulic motor is powered (Fig. 7);

-

powering of the hydraulic motor coupled to the electric motor results in the doubling of the
pressure produced by the demonstrative stand, for the same power absorbed by the
electric motor. For instance, for Pa=800 W, there results p=25 bar, when the hydraulic
motor is not powered by the pump, and respectively p=60 bar, p when the hydraulic motor
is powered by the pump (Fig. 8).

Numerical simulations performed on the AMESim model shown in Fig. 9 have demonstrated the
dynamic performance of the energy recovery system based on mechanical compensation of power
losses, namely:
-

connecting of the hydraulic motor to the shaft of the reducer (with 1:1 transmission ratio)
results in lower torque developed by the electric motor, following a lag of 0.1 s (Fig. 10);

-

connecting of the hydraulic motor to the shaft of the reducer results in lower torque
developed by the electric motor, after the moment when the speeds of the two motors
become equal, with a lag of 0.1s (Fig. 11);

-

the time in which the hydraulic motor speed equals the electric motor speed is of 0.1 s,
when the hydraulic motor is connected to the electric motor, and respectively 0.4 s, when
the hydraulic motor is disconnected from the electric motor (Fig. 12);

-

after 0.3 s from connecting the hydraulic motor to the electric motor pump flow is equal to
the sum of flow through the hydraulic motor and flow through the pressure control valve
(Fig. 13);

-

speed achieved by the hydraulic motor at a pressure of 40 bar when it is mechanically
connected to the electric motor is equal to hydraulic motor speed at a pressure of 120 bar
when it is mechanically disconnected from the electric motor (Fig. 14).

All the conclusions listed, demonstrating the benefits of energy recovery by mechanical
compensation for power losses, have applicability to the endurance stands of rotary and linear
positive displacement machines (pumps, hydraulic motors, hydraulic cylinders).
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Abstract: One of the primary goals of computer science, as interdisciplinary science is to develop methods
for solving complicated research and computing problems by means of computational techniques. Currently,
however, computer science has become an independent science, with its own methods and objects of
research, which are based on mathematical regularities. Computer tools allow the problems to be solved
both by analytical methods and simulation methods. Regardless of the method used, the solving of any
problem includes several steps such as problem analysis, elaboration of the mathematical model of the
problem and elaboration of the algorithm which enables the development of the application software. The
paper presents a software application based on the LabVIEW programming environment which implements
the mathematical model on calculating the size of reactors. The software is modular with a user friendly
interface and presents the general advantages of modern software.
Keywords: reactors, mathematical model, sizing, application software, LabVIEW

1. Introduction
One of the primary goals of computer science, as interdisciplinary science is to develop methods
for solving complicated research and computing problems by means of computational techniques.
Originally, computer science was developed as a branch of applied mathematics. The first issues
addressed in the context of computer science were purely mathematical, and were solved by only
carrying out a great amount of complex calculations. Currently, however, computer science has
become an independent science, with its own methods and objects of research, which are based
on mathematical regularities [1].
There are a considerable amount of software packages, (EPLAN, OrCAD, PSpice, AUTOCAD,
CATIA, MathCAD, LabVIEW, MATLAB, SIMULINK), for the various types of CAD/CAM systems.
Each package has its own capacity and particularity and is generally intended for certain markets
and a specific group of users. For example, there is mechanical, electrical and architectural,
CAD/CAM software, for users in the respective fields [2-10].
Computer tools allow the problems to be solved both by analytical methods and simulation
methods. Regardless of the method used, the solving of any problem includes several steps, each
of them with the same importance [11].
 Problem analysis. This is the stage of researching the content of the problem: determining
the set of initial data, the result to be achieved, the relations between the original data and
the results. Additional restrictions on the data and results are also set during this stage.
 Elaboration of the mathematical model of the problem. The initial data are represented by
mathematical structures during this stage. The relations allowing the result to be obtained
from the original data are defined using the mathematical language. Depending on the
problem, these relations can be recurrent (creating a simulation model) or they can allow
direct calculation of the result (analytical model). Also during this stage the problem is
divided (if necessary) into sub-problems, and the mathematical models are elaborated
separately for each of them.
 Elaboration of the algorithm. In the case of problem solving by means of computational
techniques, the algorithm contains the set of instructions necessary for solving the problem,
defined by a default form (pseudocode, flowchart, etc.), as well as the sequence of their
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execution (the steps of the algorithm). If the problem was divided into sub-problems, in
addition to defining sub-algorithms, the algorithm also determines the method and
conditions of their call.
As a result of carrying out these steps the software application is implemented, solving the
problems related to the sizing of the reactors. Further on, the article presents in Chapter 2 the
general information relating to the mathematical simulation of reactors, and in Chapter 3 the
proposed software implementation solution for calculating the size of reactors. Chapter 4 presents
a practical example of using the developed software, and the conclusions and ideas for
subsequent developments are presented in Chapter 5.
2. Reactors. Mathematical modeling
Reactors are used for: balancing the reactive - capacitive power in electrical networks, limiting
short-circuit currents in the power system or limiting the operate current in induction motors,
filtering harmonics from AC curves or DC smoothing in rectifier power grids, protection of electrical
networks against earth faults, protection of high-voltage lines against surges.
The concept of reactors or inductors is assigned to the elements of an electric circuit or of a power
system which under electromagnetic quasi-stationary conditions are considered as having only one
inductance, i.e. an inductance reactance.
Their introduction into the power system is aimed at generating a voltage drop when an alternating
current or a current varying in time passes through it, i.e. achieving an exchange of reactive power
to the system [12].
The AC voltage drop generated by the reactor, assuming that the winding resistance is neglected
and under quasi-stationary conditions is denoted by the relation:

U b  2  f  L  I

(1)

The voltage drop is proportional to virtual current I and frequency f, if it is assumed that the
inductance L of the coil is constant.
The reactive power of the coil is:

U2
b
Q
2  f  L

(2)

The stages of the reactor sizing:
 calculation of reactor pre-sizing
Determination of the inductance of the solenoid:

L  0  w 2 

  d2
m  1  k H
L
4
h

(3)

where:
- μ0 = 4π · 10-7 [H / m], the vacuum permeability;
- w – the number of turns which fill the entire space of the winding;
- dm = ½ (dE + di) [m] – average diameter of the winding;
- dE [m] – outer diameter of the winding;
- di [m] – inner diameter of the winding;
- h [m] – height of the coil (size in the axial direction of the winding);
- kL - a coefficient which depends on the geometry of the winding and is specified in
nomograms from [12, 13] according to ratios: h/dm and b/dm;
- b = ½ (dE - di) [m] – is the thickness of the winding (size in radial direction).
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Given the horizontal size of the uninsulated conductor no, vertical size of the uninsulated conductor
nv and the thickness of the insulation Δiz summed for both sides of the conductor, the following
parameters can be determined:
- horizontal size of the insulated conductor – ino;

ino  no  iz[mm]
-

(4)

vertical size of the insulated conductor – inv;

inv  nv  iz[mm]

(5)

Determining the number of turns on the flat coil “n” by the formula:

n

b
[ turns / flat ]
no   iz

(6)

Determining the number of flat coils Ng by the formula:

Ng 

R 2  kv  R
[flat ]
R1  inv  kv 

(7)

where ΔR is the thickness of the reactor and ΔR1 is the thickness of the winding.
Determining the inductance of the equivalent coil Lc is based on the formula:

2
 ino  inv   ko1 kv kv ko1  2
  1 
Lc   N 


  Ln[H]


2
ino

inv
inv
ino


g



(8)

where:
- N – the number of paralleled conductors;
- kv – distance between vertical flat coils;
- g – section of elementary turns;
- ko – width of cooling ducts;
- ko1 = Δiz +ko/n;
- Ln – inductance of the coil to which an increase is applied.
 heat exchange

The heat exchange [14] by radiation plays a greater part in cooling the windings of dry reactors
compared to a winding located in an oil tank. The amount of heat radiated per unit time by the unit
area is denoted by the relationship [15]:

grad  5,15 10 12  (T 4  T 4 )
amb

(9)

where T is the absolute temperature of the winding surface, and Tamb is the absolute ambient
temperature (both expressed in Kelvin).
In simplified form, the calculation of the quantity of heat transmitted by convection by the unit
surface per unit time is denoted by the formula:

q con   con  (t  t amb )

(10)

where t and tamb are the temperature of the cooled surface and the ambient temperature, in °C and
αcon is the convection efficiency.
The following analytical expression of the function αcon =f (hbob, Δ, ϑ) will result from the
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combination of the previous relations:

 con  4

4
h bob

(11)

where the values of the quantities are expressed as : ϑ [°C], hbob. [m]. and Δ [cm].
 the permissible current density in the windings

The permissible current densities, calculated according to the relation (12) combined with (11) with
radial thickness b = 0,010; 0,015; 0,020; 0,025 and 0,030 m, for copper cylindrical windings with
class insulation A (ci = 115,7; ϑ = 60°C), F (ci = 130,5; ϑ = 100°C) and H (ci = 139,7033; ϑ =
125°C), and for aluminum cylindrical windings with class insulation A (ci = 183,2; ϑ = 60°C), F (ci =
205,74; ϑ = 100°C) and H (ci = 219,834; ϑ = 125°C).

j

   con
ci 10 10  k s  b

(12)

 calculation of losses under stationary regime
The determination of losses under rated load is based on the relation:

P  k s  R   I 2 k s  20  [1    (  20)] 

M 2
 j [Watt]


(13)

where:
- ks – coefficient of additional losses;
- 20 – resistivity of the material at 20°C: for copper 20 = 1/58·10-6 [Ω·m] and for aluminum
20 = 1 / 36,2·10-6 [Ω·m];
-  – temperature coefficient of electrical resistance for copper  = 428·10-5 [1/°C], and for
aluminum  = 408·10-5 [1/°C];
-  – reference temperature: for insulation classes A, E and B:  = 75°C and for insulation
classes F and H:  = 115°C;
- M – mass of active winding conductor [kg];
-  – material density  = 8,9·103 [kg/m3];
- j – current density.
 short-time rated current operation
The operation of the reactor under short-time rated current Isc is adequate if the following inequality
is met:

T1  T2
2  t  103[ C]
T1    a  jsc

(14)
(15)

where:
- T1 is the temperature rating determined by calculation;
- T2 is the standard rating of the maximum permissible average temperature [17].
-  [°C] – maximum admissible initial temperature a rated winding according to insulation
class;
- a – coefficient given in the table [12], according to parameter ½ ( + T2);
- jsc – the short-term nominal current density;
- t – the duration of the short-term nominal current in seconds according to international
standards.
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3. Application software for reactor sizing calculation
A development environment is a set of programs allowing the programmer to write programs and
combines all the steps necessary for creating a program, such as source code editing,
documentation compiling, debugging, testing and generating, in a single application software,
which typically provides a user-friendly graphical interface.
The main elements of a development environment are the source code editor and the debugger.
The development environments call on compilers or parsers, which can be provided in the same
package as the environment itself, or can be installed separately by the programmer. The facilities
present in more sophisticated development environments include: source code scanners, version
control systems, graphical interface designers, or software engineering tools.
LabVIEW is a graphical programming language that uses icons instead of lines of text to create
applications. In contrast to text-based programming languages, where instructions determine the
program execution, LabVIEW uses dataflow programming, where the flow of data determines the
execution [18].
The programming language used in LabVIEW, also referred to as G, is a dataflow programming
language. Execution is determined by the structure of a graphical block diagram on which the
programmer connects different function-nodes by drawing wires. These wires propagate variables
and any node can execute as soon as all its input data become available. Since this might be the
case for multiple nodes simultaneously, G is inherently capable of parallel execution. Multiprocessing and multi-threading hardware is automatically exploited by the built-in scheduler, which
multiplexes multiple OS threads over the nodes ready for execution [20].
The software automatically creates the report to an excel file with the calculated quantities
necessary for calculation of reactor sizing and plots with certain parameters which are inserted
automatically by the software from a set of charts whereby they are selected (see Figure 1).
Figure 2 shows the block diagram of the software application. LabVIEW MathScript RT Module
adds math-oriented, textual programming to LabVIEW. The MathScript Node offers an intuitive
means of combining graphical and textual code within LabVIEW, both of which are currently used
in a number of science, engineering and technology programs and industries for simulation and
analysis [19].

Fig. 1. The block diagram part for the Excel report
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Fig. 2. The block diagram for calculation of reactor sizing of the software application
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4. Example of calculation
The reactor with the ratings: line voltage Ul=20 kV, single phase reactive power Q=140 kVAr,
phase voltage Uf=11,547 kV, frequency : f=50 Hz, single phase inductance Xn=952 ohm,
impedance L=3,03 H, phase rated current In=12,1 A.
The figures 3-7 present the interfaces of the software application corresponding to the calculation
steps for the reactor sizing according to the mathematical model in section 2.

Fig. 3. Software interface – step 1

Fig. 4. Software interface – step 2
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Fig. 5. Software interface – step 3

Fig. 6. Software interface – step 4
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Fig. 7. Software interface – step 5

4. Conclusions
This article presents the application software which implements the mathematical model on reactor
sizing calculation. The software is modular with a user friendly interface and presents the general
advantages of modern software. Among them it suffices to mention the automatic generation of a
report in Excel format and the possibility of creating a record of the calculated models.
The developed software is a useful tool for the designing activity of expert engineers by decreasing
the duration of calculation and by excluding altogether miscalculations in mathematical relations. In
the future, the research will be broadened in order to achieve complementary modules for other
elements and physical processes that are suitable to be modeled.
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Abstract: An economic partner wanted to improve a test bench for testing hydraulic assisted power steering
and pumps for passenger cars and vans. Modernization of existing technology through computerization will
reduce testing time and diminish the consumption of electricity, but also eliminate any human error which
may occur in the verification process of repair; in this way there is the certainty of a subassembly that
provides full security to the user. For upgrading, a number of subassemblies have been installed on the
stand that allow the stand to be interfaced with a computer. The subassemblies consist of a series of
transducers, electronic block, a data acquisition board and a drive system for the steering box valve. The
paper presents the construction and functioning of the necessary subassemblies for stand upgrading and
their characteristics.
Keywords: Hydraulic steering box, test stand, transducers, automotive

1. Introduction
An economic partner which provides maintenance for hydraulic assisted power steering wanted to
upgrade his test bench. The technology is made with technical level of the last decade and met the
requirements of the company in the initial period; with increased business activity, this technology
has reached its limits. The current technology is based on a human operator witch simulate manual
steering by turning the steering column, followed by visualizing and writing values read on the test
bench analog equipment (Fig. 1). The upgrade was done by installing measurement units, data
acquisition system, and testing software.

Fig. 1. View with the steering boxes test stand
1. Force loading device, 2. Flowmeters, 3. 2 way valve, 4. 3 way valve, 5. Manometers, 6. Thermostat
adjustment, 7. Pump speed display, 8. Mounting device for steering box, 9.Emergency stop button,
10. Pump speed adjustment
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The upgraded test bench can determine the condition of the seals in the hydraulic valve of the
steering box and the hydraulic piston by measuring the flow of oil during tests. The installed
subassemblies consist of a series of transducers, electronic block, a data acquisition board and a
drive system for the steering box valve. The computer system newly installed can issues a report
bulletin which contains records such as pressure to each end, handling with predetermined load,
oil flow, oil temperature and torque at the hydraulic distributor shaft during handling, series box
name operator and company name. The system contains a data acquisition board, pressure
transducers, flow, torque, temperature, an actuator and a software application for testing
sequences; the system can acquire and store, process and print recorded data. They are
compared with a database conducted under modernization process.
2. Subassemblies for modernization
To connect the equipment for measuring the working and control parameters it was necessary to
use some adaptation pieces. For example, for the connection of the pressure transducer, a Tconnection has to be connected to the circuit. In the following subchapters are presented the
solutions adopted for connecting the transducers and the steering box valve actuator
2.1 Pressure measuring subassembly
The pressure measuring assembly (Fig. 2) for the steering box supply circuit consists of the
following parts: T connector (1) , a short pipe (2), 1/4”female connector (3) and a pressure
transducer (4). The pressure transducer has a range of 0-160 bar and an output signal of 4 ... 20
mA. The signal from the transducer is converted to voltage and connected to an analog input of the
data acquisition board. With the pressure transducer, it is possible to measure the system pressure
during the action of steering box with load at the rod or at the end of the stroke. It is also possible
to determine the maximum pressure that the power steering pump can lift.

Fig. 2. Pressure measuring subassembly

2.2 Flow measuring subassembly
The subassembly (Fig. 3) consists of two hose connections (1), two gaskets (2) and the flow
transducer(3). The flow transducer can measure the maximum flow rate of the power steering
pump or the leakage rate of the rotary valve or due to wear of piston seal [1, 2]. The flow meter
consists of a spinner which is rotated by the flowing medium. The rotor's rotational speed is
proportional to the flow volume per unit time and is read by an inductive sensor. Its measuring
range is 0.1 - 12 l/min and the output signal is in pulses per volume unit. The input and output
connections of the transducer are female thread G3/8. The signal connects to the counter input of
the data acquisition board. The pulse signal is processed and displayed in l/min.
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Fig. 3. Flow measuring subassembly

2.3 Force measuring subassembly
The subassembly (Fig. 4) consists of two adapters (1.4) for connecting to the loading device [3]
with hydraulic cylinder and to the end of tie rod of steering box. Two locking nuts (2) are provided
on the adapter threads. The transducer (3) for determining the force of the steering box rod is a
type S load cell. The force transducer is provided with an amplifier with 0 ... 10 V output signal. The
force signal from the steering box stem is scaled into daN by the software application. The force
transducer has a measuring range of +/- 5000 daN.

Fig. 4. Force transducer and coupling parts

2.4 Subassembly for measuring the position of steering box rod
The subassembly for measuring the stroke of the power steering rod (Fig. 5) consists of connector
(1), position transducer (2), M4 bolt (3), clamping bracket (4), braid clamp for housing of hydraulic
cylinder from the force load device (5), two M6 nuts (7) and connecting bridle for the rod of the
force load device with hydraulic cylinder. The transducer has a 225 mm stroke and is resistive type
with a resistance of 5 k. The signal provided by it is connected to an analog input of the data
acquisition board. The supplied voltage signal is proportional to the read position and is converted
by the software application in mm The position transducer is useful to determine the positions from
middle and from the stroke end of the steering rod, where the pump reaches the maximum
pressure.
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Fig. 5. Transducer for position of steering box rod

2.5 Subassembly for measuring the current of electric motor for driving rotary valve
Measuring the current absorbed by the electric motor can provide information about the torque
variation required to drive the input shaft of the power steering box. The current sensor has the
ACS711EX (Fig. 6) code and can measure the current in the range of -15.5A to +15.5A [4]. The
sensor is produced by the company 'Pololu Robotics and Electronics'. The voltage signal provided
by the sensor can be calibrated and scaled in Nm. For this it is necessary to be made an initial
measurement of the torque, of the rotating valve shaft. This can be done with a specialized
transducer. Torque information is useful to determine the tightening of rotary valve seals.

Fig. 6. PCB of current sensor and schematic diagram

2.6 Subassembly for measuring the temperature of hydraulic fluid
Tests of the stand are made with hydraulic oil at a temperature of 40°C. In order to achieve this,
the stand is equipped with a heating resistance and a thermostat. It will be used a PT100 sensor in
order to acquire the temperature value during the test and to register it in the test report. The
sensor is placed in a sheath inserted into the oil tank. The signal is taken over by the data
acquisition board via a transmitter (Fig. 7). The signal 4 up to 20 mA is converted to a voltage
between 1 and 5 V for one of the analogue inputs of the DAQ board. In the software application,
the signal is scaled to the temperature, which is printed in the test report form.
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Fig. 7. Pt 100 temperature sensor and transmitter

2.7 Subassembly for driving input shaft of steering box rotary valve
The rotary valve actuator (Fig. 8) consists of an adjustable support, an electric windshield wiper
motor and a belt drive. The adjustable support allows the electric motor to tilt, so that the output of
the drive shaft from the output of the reducer to be parallel to the rotary valve shaft on the steering
box. The support also allows stretching of the drive belt after fitting it between the speed reducer
and the valve shaft(Fig. 9).

Fig. 8. Device for adjusting the position of the driving electric motor

Fig. 9. Belt pulley and coupling for the shaft of rotary valve
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The support is attached to the stand frame and the valve shaft pulley is fixed by means of and
elastic coupling, (Fig.9) which is tightened by a screw. From the electric motor is used the low
speed socket, the speed is reduced moreover (1: 2 ratio) with a belt transmission . With the
electronic controller, the speed can be adjusted to a small extent so that it does not fall below the
torque required to rotate the shaft of the valve.
The electric motor is controlled by an H-bridge electronic controller (Fig.10). The controller has an
input voltage between 0 to 5 V through which it can control the rotational direction and speed. At
2.5 V, the electric motor is switched off and when the control voltage increases above 2.5 V, the
motor rotates in a direction with a maximum speed of 5 V. For the other direction of rotation, the
control decreases below 2.5 V and the maximum speed being at 0 V. The range between 0 to 5 V
has been chosen since the NI USB-6008 data acquisition board has a maximum output signal of
5V. The controller also has two LEDs which indicate the direction of the rotating electric motor.

Fig. 10. H-Bridge electric motor speed and direction controller

3. The test software application
The software application is made in LabView and allows to monitor the parameters captured by the
stand transducers through a DAQ board (Fig. 11) and to control the steering box via the rotary
valve. The application has a panel on which you can view the parameters from the transducers and
a series of controls for interacting with the software application. With the help of some buttons, the
operator can switch the manual or automatic test mode, enrolling the test product data, the
operator name, the name of the recipient and listing the test report. With the help of the application,
the operator can manually control the steering box and read the operating parameters on the
computer display, and for the test report issue, the program uses a test cycle, the parameters
obtained being printed in the test report.

Fig. 11. National Instruments USB – 6008 DAQ
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4. Conclusions
New computerized technology reduce testing time and diminish the consumption of electricity, but
also eliminate the human error which may occur in the verification process.
The test stand is equipped with transducers and data acquisition system.
The system helps prevent accidents by detecting and contributing to the remedy of non-compliant
automotive equipment.
The upgraded installation allows the test bulletin to be issued quickly and without difficulty.
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Abstract: This paper presents the simulation and analysis of hydraulic-pneumatic quadruple tank system,
which is generally used in industrial processes. The system is complex and has many variables. So, the
program tool brings to examine the effects of the system parameters. In addition, this analysis and simulation
program provides to teach graduate and undergraduate students without laboratory for hydraulic-pneumatic
quadruple tank system. The linear dynamic model is used for the simulation and analysis under some
operating conditions. Eventually, some simulation examples are exhibited for the parameter effects.
Keywords: hydraulic-pneumatic, quadruple tank, fluid system, simulation tool.

1. Introduction
The water tank systems are widely used in industrial applications especially for the chemical
process systems. The liquid level or flow control between tanks is a prominent issue for the
process industry. So, this issue the liquid level control of the combined tanks is very interesting for
a lot of researchers in the literature and they are working on this issue. In addition, it is admitted
that this is a significant benchmark problem due to its behaviors. It is generally purposed for many
combined tank systems to control some demanded levels of the liquids in the tanks where an
outflowing or inflowing of liquid is existent to the tanks. The combined tank systems are multi-input
multi-output (MIMO), where inputs are generally pump voltages and the outputs are generally liquid
levels. The pumping, storing in tanks of liquids, and then pumping to another tank is orderly
needed for the process industry. In critical industries such as petro-chemical and water treatment
industries, the tanks have an impact on each other where chemical or mixing processes take up
considerable place in process tanks. Therefore, the level control and simulation of liquid systems
has a major place in the literature studies. In [1], a new multi-variable laboratory process with four
integrated tanks. A sliding mode controller (SMC) based on fractional order (FO) is designed for a
level control of coupled tank in [2] whereas SMC is designed for quadruple tank process in [3] and
coupled-tank system in [4]. In [5], the control of the liquid levels and temperature for combined
three tanks is made via feedback linearization, a decentralized fuzzy logic control is performed by
LabVIEW for a coupled-tank process in [6] and [7]. In [8], a FO-PI controller is designed for a liquid
level of round tank. In [9], a linear quadratic regulator (LQR) and a type-2 fuzzy logic are designed
on the level control of three-tank system. In [10], FO-PI controller is performed for a coupled twotank system. In [11], fuzzy logic control is fulfilled for a tank system. In [12], an adaptive model
reference controller is designed for a hybrid nonlinear tank system. In [13], controller based
quadratic programming is proposed for a quadruple tank problem. In [14], a corrected
mathematical model is proposed for quadruple tank system.
LabVIEWTM is a sufficient simulation and analysis program for the academic computation, process
systems, measurement and industrial implementations due to the fact that it has a flexible program
which is together with many tools particularly for the measurements, controls, and tests as in [15].
it is also an sufficient program for learning and teaching because it satisfies several requirements
for a lot of applications [16].
Some of laboratory sets are quite expensive. In addition, many of them cannot give the changing
their parameters such as chemical process, power systems, robotic systems. So, a virtual
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laboratory or analysis tool is sufficient to analyze the changings of parameter. some systems which
are not experimental can be difficult to good understand in view of the teaching and learning of
students. In addition, to be perceived the influences of the system parameters on the operating are
limited by many students. In the literature, the researchers have been investigated on the
educational virtual tools for a lot of systems such as [17]–[19]. In this paper, an educational
analysis tool is designed with LabVIEW for the hydraulic-pneumatic quadruple tank. They have
been used in undergraduate chemical and mechatronics engineering laboratories in a lot of
universities.
2. The Hydraulic-Pneumatic Quadruple Tank System Model
A new process is proposed for the four tanks in [20]. Figure 1 shows this process. In this process,
pneumatic volume above the water levels is connected. Also, the orifices are replaced into the
circuits, so, the cross interactions exist only in transient states so the working area is not reduced
[20]. It has an integration of pneumatic and hydraulic parts. The circuits of pneumatic bring about
cross coupling between both classical couple tank parts. Four cylindrical tanks are the basic
elements. The water is pumped into left upper (LH) and right upper (RH) tanks by two pumps and
so, it flows into left lower (LL) and right lower (RL) tanks. Then, it backs into the reservoir. Water
flow rates are controlled by uL, uR voltages of the pumps between 0 and10 volts, which is amplified
into 4-10 volts. Difference pressure sensors indirectly measure the lower tanks. The pressure
sensor outputs are between 0 and10 volts.
Air spaces above the tank levels are connected by pneumatic circuits H and L with the changeable
valves. The orifices in air gaps work as a coupling between atmosphere and pneumatic volumes.
The structure can be changed by the size of orifices and by valves in the pneumatic circuits. There
is a atmospheric pressure in pneumatic in the steady-state. The water level changes by the
pressure in pneumatic. the air is progressively equilibrated with atmospheric pressure by flowing in
the air chambers. Thus, the multi-variable adverse effect has only dynamic property.

Fig. 1. Hydraulic-Pneumatic Quadruple Tank System [20]

The mathematical model is obtained by the dynamic equations of four tanks, pump static
properties, dynamic equations of the bottom pneumatic circuit and static properties of the pressure
sensors. The tanks have different diameter. Both orifices are the same. The model is nonlinear but,
it can be linearized at some working points. The linearized differential equations are as in (1) from
[20] where all of the equations are detailed regarding to (1).
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According to the equations, the linear state space model is in (2) where all expressions are
detailed in [20].
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3. The Simulation and Analysis for the Quadruple Tank System
An analysis tool is designed via LabVIEWTM. The tool gives the teachers to prove the system
behaviour and all effects of parameters in the system model without any laboratory. Such a
laboratory may be costly or the parameter effects are not proved since system parameters are fix.
Therefore, all parameter effects on the system are examined owing to the tool. Figure 2 presents
LabVIEW control front panel for the designed tool. As in Figure 2, all parameters can be changed
with buttons and the tank levels are observed as visually. Thus, by modifying all system
parameters with the tool interface, their effects can be observed on the system. Also, a designer
can examine the crucial parameters by the tool for the validation or control. The default parameter
values of the system are as in [20] for the simulation.
The tool is simulated to examine the parameter effects on the system. For instance, to observe the
pump voltage inputs, the changings of liquid levels are in Figure (3). So, the effects of the inputs
are examined when ∆uL and ∆uR are 5V at the simulation. For another example, Figure (4a) shows
the liquid levels when left pump specific coefficient is changed from 0,00798 to 0,01368 whereas
Figure (4b) shows the liquid levels when left pump specific coefficient is changed from 0,00853 to
0,01053. Thus, the effects of pump coefficients are on left and right upper tanks. Similarly, by
changing the other parameters, the effects can be observed.
283

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

Fig. 2. The designed Labview front panel.

Fig. 3. The liquid levels according to the changes of voltage inputs.

a)

b)

Fig. 4. The liquid levels according to the changes of pump coefficients.
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According to the simulation results, the whole parameter effects can be analysed by help of the
tool. Finally, the designed simulation tool is very beneficial for the learning and teaching. Moreover,
the tool is developed by the controller and thus the controller effects can be examined.
5. Conclusions
In this paper, an educational simulation tool is performed for hydraulic-pneumatic quadruple tank
model. This tool gives users to modify of system variables, and so they can observe the outputs as
visually. It helps students to improve modelling and dynamic system behaviour without any
laboratory for the system. In particular, the simulation tool allows either undergraduate or graduate
students to compass the parameter influences on the system model. Finally, simulation results
show that the students can easily catch the parameter differences and their influences with the
analysis tool.
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Abstract: Most of the Romanian companies that repair hydraulic cylinders manually perform their
dismantling and repair operations after repair. Manual removal and fitting is done with great effort using tools
and levers to increase hand strength. The article presents equipment that facilitates the operator’s work
using hydraulic power instead of arm strength. Hydraulic equipment is carried out under an “innovation
check” funded by UEFISCDI through the P2 program to increase the competitiveness of the Romanian
economy through research, development and innovation.
Keywords: Hydraulic cylinder, piston, rotary flange, unscrew / screw.

1. Introduction

To repair the hydraulic cylinders, first disassemble them in component parts (washer,
piston, guides, seals, etc.) and after reassembling them.

1 – Connection A
2 – Barrel/tube
3 – Piston
rod/shaft
4 – Connection B
5 – Base mount
6 – Piston nut
7 – Piston seal
8 – O-ring and
backup
9 – Rod seal
10 – Rod wiper
11 – Rod support
Fig. 1. Component parts of hydraulic cylinder [1]

Removing and then replacing the hydraulic cylinders involves a number of operations such as:
unlocking the threads, unscrewing / threading the threaded assemblies, extracting / inserting the
piston and rod into the cylinder barrel, etc.
For large hydraulic cylinders of heavy series (piston diameter over 200 mm and race over 2000
mm) for these operations, large rotating forces and torques are possible which can be achieved
with mechanics driven by linear and rotary hydraulic motors.
2. Description and operation of the equipment
Hydraulic equipment for mounting / dismounting the hydraulic cylinders is shown in Fig. 2.
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Fig. 2. Working bench for reconditioning hydraulic cylinder [2]

The hydraulic cylinder to be dismantled is fixed to the support frame and rests on the support 2.
The roll of the cylinder barrel is fastened to the rotary flange and the cover of the barrel is blocked
by the device 3.
The cylinder rod eye is fixed to the device 4. Depending on the length of the hydraulic cylinder, the
device 4 moves longitudinally, being guided by the rod 5. The support frame is fixed to the floor by
the fixing legs 9. The hydraulic cylinder 1, which is located inside the support frame, longitudinally
moves the rotary hydraulic head by pulling the piston together with the rod in the cylinder tube. The
longitudinal direction of movement is provided by the guide 6. The connection between the
hydraulic station and the rotating head is made with the pipes 8, located inside the support frame.
The equipment also has a number of devices that ensure fast fastening on the support frame so
that the time for removing / mounting the cylinder is as small as possible.
The metal frame 7 fixes the component parts and hydraulic head. Hydraulic cylinder 1 is used to
unlock threaded assemblies as it provides a high torque. The low-speed motor 2 is used to
unscrew or screw the components of the cylinder assembled through the thread. The distributor 3
switches the hydraulic energy flow to the cylinder 1 or the hydro motor 2. The connection between
hydraulic station and the hydraulic head is made with flexible pipes. The hydraulic station also
provides the necessary energy for the pressure samples to which the hydraulic cylinders are
repaired. After repair and installation, the cylinder remains attached to the pressure support frame.
The repaired cylinder in ‘filled’ with low pressure oil. The high pressure required for the checks is
provided by a pneumo-hydraulic accumulator that has been “charged” in the unlocking / locking of
the threaded screws. [3]
3. Hydraulic scheme
The hydraulic scheme is presented in Fig. 3.
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Fig. 3. Hydraulic scheme

The electro pump 10, the safety valve 1.1, the pressure gauge 2.1 and the assembled tank 11 are
included in the hydraulic station. The hydraulic extraction cylinder 6 belongs to the support frame.
The rest of the devices are part of the structure of the hydraulic head.
The hydraulic power required for the equipment is provided by the electropump 10 which sends the
fluid under pressure to the distribution block. Hydraulic motor 4 performs screwing / unscrewing the
threaded assemblies of the cylinder. The hydraulic motor spindle speed is reduced to 6...10 rpm,
as is best for threaded assemblies, by the reducer 9. Reversing the rotating direction
corresponding to the direction of thrust / unwinding is done with the directional control valve 3.1.
Unblocking / locking of threaded screws is done with hydraulic cylinder 5 and directional control
valve 3.2 reverses the sense of motion corresponding to lock or unlock.
The extraction or insertion of the piston rod together with the piston into the cylinder barrel is
accomplished by the hydraulic cylinder 6 and the reversal of the means of the directional control
valve 3.3.
4. Technical features
To screw / unscrew the threaded assemblies of the hydraulic cylinder, the equipment mush
achieve a torque of up to 6000 Nm at a speed between 6 and 10 rpm. These are made up of an
ensemble consisting of an orbital hydraulic motor and a planetary reducer, see Fig. 4.
i – gear ratio of reducer
Vg – hydraulic engine capacity
n – screwing / unscrewing speed
M – screwing / unscrewing torque
Q – hydraulic engine flow
p – hydraulic engine pressure
Fig. 4. Assembly of hydro motor and speed reducer
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The hydro motor reducer assembly receives a flow rate of 16 l/min at a pressure of maximum 200
bar and must provide a maximum torque of 6000 Nm at a speed of 6 … 10 rpm. Three variants of
orbital hydraulic engine with characteristics of Vg = 50, 100 and 150 cm3/rev and three variants of
transmission ratios of the reducer: i = 10, 20 and 30.
The results of the analyses are presented in the diagrams of Fig. 5.

a) Diagram n – Q

c) Diagram n – i

b) Diagram n – Vg

d) Diagram M – p
Fig. 5. Diagrams

It follows from these diagrams that the optimal variant is that of the hydraulic motor with V g = 100
cm3/rev and the gear ratio with the transmission ratio i = 20. This combination provides a torque of
M = 6000 Nm and a speed of n = 8 rpm, if it receives a flow of 16 l/min at 190 bar. At a pressure of
200 bar the developed torque is M = 6360 Nm.
5. Conclusions
The hydraulic equipment presented is a particularly useful tool for hydraulic cylinders “service”
mainly because it facilitates the operator’s work by using hydraulic power instead of the strength of
the arms.
The equipment provides the basic operations for the quick dismantling / refitting of hydraulic
cylinders:
 unlocking threaded assemblies to loosen the cylinder caps and piston retaining nuts.
 quick screwing and unscrewing of cylinder caps and piston nuts.
 extracting and rapidly inserting piston rods into the cylinder.
 adjusting the position of the parts to ensure their coaxiality so as not to damage the seals during
reassembly.
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Abstract: The authors develop a new non-contact diagnostics of hydraulic drive functional plants. It is based
on infrared thermography of rotary and linear volumetric machines, as well as two-phases hydraulic
equipment: a "no wear" phase, performed at plants commissioning tests, where these components are news
or recently repaired, respectively "with possible wears" phase, performed during the periodical technical
revisions. By comparing the two sets of thermograms, "standard" and "reals", of the same hydraulic drive
plants, we can detect in early the components with wears in incipient or advanced form and we can take
precautions to avoid the accidental interruption of the plant operation.
Keywords: Thermographic investigation, hydraulic drive systems

1. Introduction
Thermographic investigation of the industrial machinery and equipments is a component of the
maintenance work, that provides the necessary informations on defects and early wears. These
informations allows to be taken timely correction necessary measures to reduce the risk of
damages.The infrared thermography is a non-destructive control technique, typically used to detect
and locate mechanical and electrical defects, which is manifested by overheating components of
the machine or its plants.
It is known that the infrared thermography is a latest technology, in the field of the modern
diagnostic methods in industry, delivering high precision results, which lead to reduce the faults
detection time and performing assessment of the equipments state in operating time, without it
may be necessary to stop them, or to perform more complicated operations, such as them
dismantling and transporting to a diagnostic center.The method is currently used in multiple
technical applications in: the industrial field, the most important branches being energy,
electrotechnics, electronics and microelectronics, machine building industry, petroleum industry or
metallurgical / steel industry, manufacturing; construction field; the field of technological processes,
such as the welding process; the field of medicine and others.
Hydraulic drive systems are characterized by the combined action of the thermal conduction, by
the internal energy accumulation and mixing motion, the convection being the most important heat
exchange mechanism between the solid surfaces and hydraulic oil, between there is direct contact
and relative motion.As a result of the time operation of hydraulic drives plants, some components
wear out more or less,having on thermal images, respectivelly on "thermograms", which shows
"thermal maps", zones with different "overheating", compared to "standard thermograms",
depending on the wear degree.In present, have not developed non-contact diagnostic methods
based on infrared thermography at the level of the hydraulic drive system as a whole. However,
there are known examples of the use of infrared thermography for diagnosis at the level of a
hydraulic component, such as a cylinder, a pump or a hydraulic motor.
The system proposed by the authors represents an extension of the infrared thermography
diagnosis from the hydraulic component to the level of the hydraulic drive plant.
2. Examples of hydraulic cylinders diagnosis by infrared thermography
An example of the practical application of infrared thermography for the diagnosis of hydraulic
cylinders for terrain equipments is the one made by SIMCO in Spain on a Caterpillar charger 993 K
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CAT, Z9K series (Fig. 1) provided with six hydraulic cylinders acting the bucket drive: two for lifting,
two for lower tilting and two for upper tilting(Fig. 2).

Fig. 2. Hydraulic cylinders for lifting and tiltingof the
machine bucket

Fig. 1. Caterpillar charger

The machine task book provides 8000 operating hours under normal conditions for the hydraulic
drive plant of the bucket. After a normal operating time, the machine beneficiary finds that the
bucket lifting is slower and, therefore, is addresses to SIMCO for diagnosis.
Prior to thermography diagnosis, check the functional parameters of the bucket machine driving
cylinders (table 1 and table 2).

Table 1:Lifting / down bucket times
Measuredpa Manufacturer’s
M1
rameter
standard
Bucket lifting
9,4
11
time (s)
Bucket down
3,7
4
time (s)
Pump
pressure
2900
2850
(psi)

Table 2:Higher / Lowerbucket tilting times
Measured
Manufacturer’s
M1
M2
parameter
standard
Higher tilting
time bucket
2,4
3
3
(s)
Lower tilting
time.
2,1
3
3
bucket (s)
Working
temperature
65
64
66
(oC)

M2
11
4,1

2850

It was noticed that the machine was not working properly due to the internal pressure loss at the
lifting cylinders, which worked slowly. It was decided making thermal images to all the drive bucket
hydraulic cylinders, after the machine commissioning, the drive bucket and the hydraulic oil
temperature raising to 75 ºC.

Temp.
[oC]

a. Right lifting cylinder
Max
Average
Min
80,6
78,1
67,2

Temp
[oC]

Max
74,2

b. Left lifting cylinder
Δ
Average
Δ
Min
6,4
71,6
6,5
66,9

Δ
0,3

Fig. 3. Thermal images of bucket lifting cylinders

The thermal images of the bucket lifting cylinders (Figure 3) were analyzed and the maximum,
minimum and average operating temperatures were compared, measured on two equal lines (one
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on each cylinder) parallel to the axes of the cylinders, with the same number of measuring points,
identically positioned. It is noted that the maximum, average and minimum temperatures of the
right cylinder (Fig. 3a) are higher by 6.4 °C; 6.5 ° C and 0.3 ° C respectively than those of the left
cylinder (Figure 3.b), so the lifting cylinders are not work at the same load. The explanation is the
damage of the left cylinder piston seal, due to internal pressure loss occurs, respectively oil leaks
from the active chamber in the passive chamber of the cylinder.
Further, the thermal images of the left / right cylinder pairs for the higher tilting (Figure 4.a) and for
the lower tilting (Figure 4.b) of the bucket were analyzed.

a. Higher tilting left / right cylinders
Left cylinder
Temp.
Max
Average
Min
[oC]
67.2
64.6
58.2
Right cylinder
Temp Max Δ Ave. Δ
Min
Δ
[oC]
67.8 0.6 65.2 0.6 59.8 1.6

b. Lower tilting left / right cylinders
Left cylinder
Temp.
Max
Average
Min
[oC]
67.8
61.2
48.8
Right cylinder
Temp Max
Δ
Ave.
Δ
Min
Δ
[oC]
68.9
1.1
60.4
-0.8
46.8
-2

Fig. 4. Thermal images of bucket tilting cylinders

The thermal images of the higher bucket tilting cylinders (Figure 4.a) were analyzed and the
maximum, minimum and average working temperatures measured on two equal lines (one for
each cylinder), parallel to the axes of the cylinders, with the same number of measured points,
identically positioned. It is found that the maximum, average and minimum temperatures of the
right cylinder are greater by 0.6 °C; 0.6 °C and 1.6 °C respectively than those of the left cylinder.
The thermal images of the lower tilting bucket cylinder (Figure 4.b) were analyzed and maximum,
minimum and average temperatures were compared, measured on two equal lines (one on each
cylinder) parallel to the cylindrical axes, with the same number of measuring points, identically
positioned. It is noted that the differences between the maximum, average and minimum right
cylinder temperatures relative to the left cylinder are of 1.1 °C; -0.8 °C or -2 °C above those of the
left cylinder.
Due to the fact that the temperatures differences (especially average temperatures) between the
left / right cylinders for the higher / lower tilting of the bucket are under 1 ° C, it is concluded that
the left / right cylinders work at the same load for the higher and lower tilting of the bucket.
The final conclusion of the thermographic diagnosis of the six actuating cylinders of the
Caterpillar charger’s bucket is the replacement of the internal sealing system of the lifting left
cylinder.
3. Method and system of thermographic investigation of the hydraulic drive systems
The hydraulic drive systems are characterized by the combined action of the thermal conduction,
of the internal energy accumulation and of the mixing motion, convection being the most important
heat exchange mechanism between solid surfaces and hydraulic oil, between them being direct
contact and relative motion. As a result of the time operation of the hydraulic drives plants, some
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components wear out more or less, having on thermal images, respectively on the "thermograms",
which shows "thermal maps", different "overheating" zones compared to "standard thermal
images", depending on the degree of wear.
The authors proposed method comes to support the corrective, predictive and preventive
maintenance of hydraulic drive plants, characterized by a high degree of complexity and a large
number of components. Without contact and early detection of the used components, from an onboard hydraulic drive plant, being in operation, reduces the cost of its maintenance system.
As a rule, for the detection of a defective or worn component from a hydraulic drive plant, all the
components in a plant are dismantled and individually tested on specialized stands.
A method and an investigation system are proposed which have the advantage of removing of this
impediment, by finding without contact of the the unused components and respectively
dismantling only them from the plant (Fig. 5).

Fig. 5. Method and systemof thermographic investigation of the hydraulic drive systems

The invention also has other advantages in terms of reducing the cost of maintenance of the
hydraulic drive systems, serving fixed machinery and equipments, from the manufacturing or
mobile flows.The authors proposed method and diagnostic system, presuppose the use of a CT
thermal imaging camera with which it scaned in thermal images, during the commissioning tests,
all the parts of a new hydraulic drive plant , called the standard equipment, IAH (e), and all the
components of the same installation, called technically revised plant, IAH (r), during the periodical
technical inspection, namely: oil tank, filters, the hydraulic oil temperature control system 1; their
pumps and their drive motors 2; pipes, hoses, fittings, hydraulic bindings 3; valves, hydraulic
distributors, throttles, regulators 4; linear hydraulic motors, rotary hydraulic motors 5.After the first
thermal images scanning, a database of five sets of Te1 ... Te5 standard thermal images results,
and after the second thermal images scanning, another database with five sets of revision thermal
imagesTr1 ... Tr5 results. . The both databases are stored in a module 6, from where they are
taken over by the programmable machine 7, which, based on a specialized software, compares the
thermal images, calculates the overheating of each component of the technically revised plant,
then inserts it into one of the three files, namely "under observation", "repaired", "to be
replaced".
The "under observation" file contains all components of the plant where overheating, ie the
difference between the temperature of the standard component and the temperature of the
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technically revised component, is incipient (ts ≤ 10°C). These components will be first thermally
scanned at the next scheduled technical revision.
The "repaired" file contains all the plant components with the overheating in the range of 10°C ˂
ts ≤ 50oC. These components have an advanced overheating, are worn out and no longer achieve
functional parameters, but can still be repaired.
The "to be replaced" file contains all plant components with the ts ˃ 50 ° C overheating. These
components have a serious overheating, very high wear, no longer achieve functional parameters
and, as a rule, can not be repaired.
The use of the method and diagnostic system of hydraulic drive plants proposed by the authors,
requires that the two thermal images scans of the new and revised hydraulic drive plant
components, be carried out under the same conditions as:
- the ambient temperature in which the plant operates;
- the temperature of the working fluid respectively the hydraulic oil flowing through the plant;
- nominal loads of 50% ... 100%, ie resistant torques and speeds for rotary hydraulic motors,
respectively, resistant forces and speeds for the linear hydraulic motors.
If, during the periodic revision inspection tests of the hydraulic drive plant, the nominal loads can
only be achieved in less than 50% of nominal values, a correction must be applied to the
temperature values calculated as superheating of the components.
4. Conclusions
-The method and system of investigation proposed by the authors is in support of the corrective,
predictive and preventive maintenance of hydraulic drive plants.
-The success of the thermographic investigation of the hydraulic drive systems requires a close
collaboration on the maintenance subject of these systems between designer, manufacturer and
the beneficiary, namely.
-It is recommended to the components and hydraulic drive designers to determine a set of basic
principles for reading, interpreting and comparing of the "real thermal images" with the domainspecific "thermal images".
-It is recommended to manufacturers of pumps, hydraulic motors / hydraulic cylinders, regulating
and controlling the flow and pressure equipments to be included in the technical catalogs of the
products together with the functional characteristics / parameters and of the "standard thermal
images" for which the respective functional parameters are achieved.
-It is recommended to the users of hydraulic drive machines and equipments to make their own
bases of "standard thermal images" done on the components of the functionally hydraulic drive
plants, during commissioning of the new plants or after capital repairs.
Acknowledgments
This paper has been developed in INOE 2000-IHP, with the financial support of the Executive Agency for
Higher Education, Research, Development and Innovation Funding (UEFISCDI), under PN III, Programme 2Increasing the competitiveness of the Romanian economy through research, development and innovation,
Subprogramme 2.1- Competitiveness through Research, Development and Innovation - Innovation Cheques,
project title: “Power recirculation stand for hydraulic cylinders testing”, Financial Agreement no. 50 CI/2017.
References
[1] Caterpillar- New Wheel Loaders 993 K
https://www.cat.com/en_AU/products/new/equipment/wheel-loaders/large-wheel-loaders/18366798.html;
[2] Caso 3 – Termografia Hidraulica Cilindros - Simco Sistema de Monitoreo Condiciones
https://www.yumpu.com/es/document/view/15180136/caso-3-termografia-hidraulica-cilindros;
[3] T.C. Popescu, A.-D. Marinescu, A.I. Popescu, ”Method and system for diagnosing of functionally
hydraulic drive plants using infrared thermography”, Patent application No. A/00748/27.09.2017 („Metodă
și sistem de diagnosticare a instalațiilor funcționale de acționare hidraulică, utilizând termografia în
infraroșu”, Cerere brevet de invenție Nr. A/00748/27.09.2017).

296

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

ELABORATION OF AUTONOMOUS IRRIGATION SYSTEMS
INTEGRATED WITH PHOTOVOLTAIC
Ion BOSTAN1, Viorel BOSTAN1, Valeriu DULGHERU1, Ion SOBOR1, Nicolae SECRIERU1, Oleg
CIOBANU1, Radu CIOBANU1, Valeriu ODAINÂI1, Sergiu CANDRAMAN1, Andrei MARGARINT1
1

Technical University of Moldova; valeriudulgheru@yahoo.com

Abstract: The autonomous irrigation systems integrated with PV, a method of PV pump system calculation
for small irrigation and control of agricultural processes are presented. The solar radiation calculation was
performed with PVGIS software. The numerical example contains pump flow rates, pumped water volumes
(daily, monthly and for all irrigation period)
Keywords: Photovoltaic installation, water, solar radiation, solar pump

1. Introduction
According to the long-term meteorological data during the active vegetation period, the average
precipitation amounts of 235 mm in the southern region and of 330 mm in the northern region [1].
Natural moisture is insufficient to obtain expected crops, especially vegetables, even in the years
with average climatological characteristics. Often the territories of Moldova, Romania and Ukraine
are subject to long-term droughts. Long-term observations indicate that this region is under the
influence of a relatively dry 12-year climate cycle and the drought rate is increasing. Figure 1 shows
the dynamics of the dry years of the X-XX centuries. The analysis of the drought development data
of the 20th century reveals that in the following years the drought will repeat every 2-nd, 3-rd or 4-th
year [2]. At the same time, there is a drastic decrease of the irrigated land, figure 1 [1]. The
difficulty of this problem varies from country to country, being more striking in those countries that
lack fossil energy sources and sufficient sources of potable water for irrigation. RM is a part of this
category of countries, which covers from the import about 86% of the needed energy resources
and produces only 18,4 % of the electricity consumption.
The main causes of the decrease of irrigated surfaces after 2010 are:
1. Because of privatization, about one million farmers possessing agricultural land with an
area not exceeding 2,5 ha have appeared.

Fig. 1. Variation of irrigated surfaces during 1950-2012
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2. Increasing the cost of electricity tenfold.
Existing systems designed to irrigate large areas and with excessive energy consumption have
become uncompetitive.
Therefore, taking into account the provisions of the strategy, the development of automation tools
in the agri-food sector is an activity meant to facilitate these provisions. In the following
compartments we will present the automation facilities for irrigation installations, realized within the
UNDP project "Autonomous integrated irrigation systems based on wind turbines, small hydro and
photovoltaic installations".
2. The photovoltaic pumping
A modern and energy-efficient solution that meets new market conditions is the photovoltaic
pumping system, known since 1980s of the last century. In the last five years the cost of solar
modules has significantly decreased and photovoltaic irrigation becomes competitive within
traditional systems. A growing number of countries launch programs to accelerate the solar
technology development. Republic of Moldova is taking the first steps in this field, only a few
experimental photovoltaic pumps have been implemented and there is no program to support this
technology. The paper presents a PV pump system sizing method for farmers intending to
implement low-power photovoltaic systems for small irrigation.
Regardless of the irrigated land particularities the sizing procedure of the PV pumping system
comprises several necessary steps to be taken.
2.1 Water requirement
The first step in designing a solar-powered water pump system is to determine the overall water
requirement for the operation. In other words, we need to know the required water volume or
irrigation norm, the water volume distribution during irrigation, and the daily water requirement etc.
These data are available in the literature [1,3] or by consulting agricultural specialists.
2.2. Determining the solar radiation for your location
Appropriate data should be used to determine the amount of solar radiation available at the site.
These data are available in the archive of the State Hydro Meteorological Service (SHMS) or in
[2,3]. With them, the global solar radiation, Gβ in W/m2, on tilted surface or PV pane can be
calculated l. The used formula is the following [3]
G  Rb B 

1
1  Cos D  1 1  Cos G ,
2
2

(1)

where Rβ is the ratio of total radiation on the tilted surface at angle β to that on the horizontal
surface; B – direct or beam radiation; D - diffuse radiation; G – global radiation on the horizontal
surface; ρ – reflectance coefficient. The B, D and G values can be found in [4]. All data are for a
horizontal surface as a possessing result of SHMS measurements for the period of 1954-1980.
In [4] are presented numerical values of the ratio Rb for the difference of latitude ϕ and inclination
angle β (every 50) and the latitude of the place (every 50). Based on these data the values of the
report Rb for Moldova were interpolated. The territory was divided into three areas - south (latitude
460), center - (470 latitude) and north - (latitude 480). Linear interpolation was used, the difference ϕ
- β ranges from 0 to ± 200 with a step of 50. Numerical data of Rb can be found in [5,6].
Using (1) we can calculate the daily global solar radiation, Gβ for a different month for each 3 hour:
630, 930, 1230, 1530 and 1830. In this case we should use data about B, D and G published in [4].
EU countries have developed a free online software for calculation of diurnal and monthly solar
radiation. The diurnal radiation is calculated every 15 minutes. For the calculation a new database
Climate-SAF PVGIS [7] is used. These data are based on satellite images performed by CM-SAF
(Geostationary Meteosat and Polar EUMetSat). The database represents a total of 12 years of
data. From the first generation of Meteosat satellites, known as MFG, there are data from 1998 to
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2005 and from the second-generation Meteosat satellites, known as MSG, there are data from
June 2006 to May 2010. The coverage extends from 0° N (equator) to 58° N and from 15° W to 35°
E. These data are more representative of the last climate years, and show often higher irradiations
than the classic PVGIS data.
Using this software [7], we calculated the diurnal radiation at Chisinau meteorological station on
horizontal surface and we compared them with the ones from the 1954-1980 period. The results
are included in Table 1.
Table 1: Diurnal radiation, kW/m2
April
May
June
Month
PVG Diff.,
PV Diff.,
PV Diff.,
/ hour [4]
[4]
[4]
IS
%
GIS %
GIS %
630
930
1230
1530
1830

0.10
0.44
0.53
0.31
0.01

0.14
0.46
0.55
0.37
0.03

+40
+4.5
+2.8
+19
+200

0.19
0.55
0.62
0.39
0.05

0.23
0.57
0.67
0.48
0.11

+15
+3.6
+8
+23
+120

0.24
0.62
0.72
0.46
0.09

0.26
0.59
0.68
0.50
0.14

+8.3
-4.8
-5.5
+8.7
+55.5

July
[4]
0.21
0.60
0.70
0.47
0.09

August

September

PV Diff.,
PVG Diff.,
PVG Diff.,
[4]
[4]
GIS %
IS
%
IS
%
0.25
0.60
0.70
0.50
0.12

+19
+0.0
+0.0
+6.4
+33

0.14
0.55
0.66
0.41
0.04

0.19
0.55
0.66
0.45
0.06

+36
+0.0
+0.0
+9.8
+50

0.07
0.45
0.55
0,29
n/a

0.08 +14
0.41 -8.9
0.49 -11
0.31 +6.9
n/a n/a

We note the following:
1. The average error from April to September in the period 930 - 1530 does not exceed + 3.0%.
2. Early in the morning (630) and evening (1830) the errors are high and may exceed 100 %. But
this does not affect the calculations because at the respective hours the PV pump does not work.
3. The calculated diurnal radiation values based on the new Climate-SAF PVGIS database are
higher compared to those from 1954-1980. In our view, these are the consequences of global
climate change.
In the present paper, we used the new Climate-SAF PVGIS database and free online
software for calculation of diurnal radiation [7].
2.3. Total dynamic head
The total dynamic head (H) for a pump is the sum of the vertical lift, pressure head, and friction
loss. The friction losses apply only to the piping and appurtenances between the point of inlet and
the point of water distribution in the irrigation pipeline. Therefore, friction losses between the water
basin or storage tank and the point of use are independent from the pump and do not need to be
accounted for when sizing the pump. So, the H is equal:
H = HG + HL + HP,

(2)

where HG – is vertical lift or the geodetic height measured from the water level and the highest
point of water lifting; HL - friction losses; HP – pressure head or the pressure required for the proper
functioning of sprinklers or drippers expressed in m.
2.4. Selecting the pump and solar array
Depending on the water source we can select a surface pump or a submersible pump. For PV
systems, special pumps, called solar pumps, are also produced. It is characterized by higher
efficiency and stable operation under conditions of variation of solar radiation [8,9]. As an example,
in fig. 2 are presented the variations of solar pump flow over the course of days for different
months.
Depending on the required flow Q and TDH, we can find the power and then select the PV panel
with adequate peak power.
2.5. PV panel mounting
As a rule, the PV panel is mounted on special frames and directed to the south. To increase
efficiency, we recommend adjusting the inclination angle to the horizon. As the irrigation period in
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Fig. 2. Variation of solar pump flow over the course of days for different months

the Republic of Moldova is about 6 months (April - September), it is rational to change this angle
once in a month. In the table 2 are included the optimal inclination angle for April – September,
valid for the central region (latitude ϕ = 470).
If a panel is to be mounted on an existing structure, that structure must first be analyzed to ensure
that it has the necessary structural integrity to withstand all local wind, snow, and ice conditions.
Daly, monthly and total delivery rates. For this
Table 2: Optimal inclination angle
purpose, we calculate daily solar radiation
Month April May June July August Sept.
using PVGIS software, the power generated
Angle,
by the PV panel and the effective operating
grade 33
20
13
17
28
43
time of the pump per day. From the Q (P, H)
characteristics the pump flow rate and daily
water volume are determined.
3. The automatization, informatization and monitoring of the irrigation processes
3.1. Design of the control system
The design of the automated control system for monitoring and optimization to ensure the irrigation
processes will be carried out taking into account the following factors: acquisition of climatic data
from plantations, application of nutrients and pesticides, herbicides, information processing and
automatic control of the irrigation system, such as the monitoring of renewable energy sources. On
the other hand, the design of the automated system must take into account the location of
renewable plants and resources. In other words, the system has to be territorially distributed and it
is reasonable to be hierarchized, considering the various issues that need to be solved.
Taking into account the experience of the most advanced companies in this field as well as their
own experience, a three- layer hierarchical system has been proposed. The bottom layer is the
most sophisticated, inhomogeneous and dependent and specific of agricultural enterprises. At this
level are placed the means of acquiring the climatic data on the plantation field, the means of
controlling the valves and pumps with remote control, the means of accelerating the fertilization
equipment, as well as the means of monitoring and control of the renewable resources.
The second layer of the system has preponderant communication functions with minimal
computing capabilities, decision-making, in other words, a kind of gateway between the lower level
and the upper level. The mission of this level is to provide communication coverage with all
subsystems at the bottom level and to provide communications to the top level server (server).
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Finally, the superior layer of the automation, monitoring and control system for irrigation systems is
seen as a typical Internet solution, which will store all information on irrigated plantations as well as
the state of the equipment and auxiliary subsystems. On the other hand, it must provide authorized
access to users of this system. At the third level (server) will be first remote monitoring of several
irrigation systems, groups of stations, including homing. If server monitoring and control node is
connected to the Internet, then monitoring stations can be done from any point on the earth.
For any control and monitoring system, including for irrigation installations, data acquisition plays a
primary role. For these reasons, it has been decided to build an acquisition subsystem based on
an integrated sensor network. It was decided, taking into account the relief and climatic conditions
of Rep. Moldova, that the control must be performed by an average performance microcontroller,
which will operate autonomously and is monitored and guided by the two most powerful controllers
by radio communication at short distances (up to 4-5 km). It was designed and realized the
functional schema and real equipment of integrated sensors and valve control modules for
irrigation system. The most important sides both of this modules are the autonomous electrical
power subsystem with 20W photovoltaic panel and accumulator and remote data acquisition and
control by means of radio communication. The integrated sensor includes a set of sensors: air
humidity and temperature, soil humidity and temperature at 2 levels; rain sensor, luminosity;
photovoltaic panel and accumulator voltage.
As the main goal represents creating architecture of the control unit with the greatest possible
reliability (for a duration of 5-7 years of activity ) based on small processors it is necessary to
analyze all families of microcontrollers from Atmel, Motorola, Renesas, Texas Instruments to select
the proper microcontroller for this task. Making a comparative analysis, we outline that three
different solutions are required by several parameters simultaneously such as productivity, memory
capacity, energy consumption, cost, accessibility and reliability:
a) uC MSP430F155 part of the MSP430 from Texas Instruments;
b) uC MC68HC912DT128A part of the Motorola HC12 family;
c) uC ATMega part of the Atmel family.
Given the specialization of microcontroller core functions of low layer for controlling data
acquisition, control, regulation and distribution of electricity, telemetry control the thermal station
control and a microcontroller auxiliary functions of quality analysis of electricity generated, it is
necessary to analyze low consumption devices, which typically are designed for wind generators
and irrigation systems. For the integrated sensor module, it has been decided to use the uC
ATMega controller, with performance comparable to other controllers, a very low consumption and
a lower price.
In the similar mode the valve control module can
open/close 2 valve with DC electro-motors and
communicate the states of the valves. One
important performance is high velocity of data
acquisition (all data may be received by 1-2 sec)
and the low cost – about 150 dollars per unit.
The territorial location of the integrated sensors
and the control modules with the valves is done
depending on the specifics of the plantation land
and the configuration of the irrigation
installations. For this project it was performed
the maps of integrated sensors and valve control
modules for irrigation system for the concrete Fig. 3. Emplacement map of the integrated sensors
destinations: the farm Tri Dienal (from Criuleni) module and the valve control module for irrigation
(fig. 3) and real view emplacement (fig. 4).
system on Tri Denal (Criuleni) farm
It was decided to use one valve control module
and one integrated sensor for 2 parcels (total 6 integrated sensor and 12 valve control modules) on
the Fortuna Lapis farm and (total 4 integrated sensor and 14 valve control modules) for the Tri
Dienal farm with the goal to minimize the cost of these equipment.
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Fig. 4. Irrigation system for the farm Tri Dienal (from Criuleni): real view emplacement
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3.2. The medium layer of irrigation control system
It is proposed a farm plantation medium layer control module for irrigation system, that coordinate
all the processes for irrigation installation and for communication with high level (servers). For this
case it is proposed the Rasberry controller with a higher computing performance and low cost. It
was developed the software for this controller, which include more components for the coordinating
the communication between low level modules and the servers.
Interaction between the turbine station controllers, integrated sensors and the monitoring system
was proposed to be performed according to a model, for example, as shown in fig. 5, which implies
the access of the users of the stations practically from an unlimited distance, which is reasonable
by the use of communications and computers, including the Internet. The problem is simplified if
the station controller connects to the network through units with a range greater than the previous
one, sufficient to intercept the communications network. For such a case, high- speed and
medium-to-high-speed radio communications, there is at the moment a whole range of possibilities
and means. These means must meet the following requirements for this channel type: relatively
low emission power, but high sensitivity; the possibility to modify the emission frequencies in a
scheduled manner; GSM/GPRS communication modes; possibilities to maintain various
communication protocols.
Applying this model, the medium-level controller architecture is proposed, which includes two
different communication channels: one for low level interaction in the 435-450 MHz frequency band
- the low-band radio amateur band and the second channel based on GSM / GPRS mode for
connection to the Internet server. This is a farm plantation control module for irrigation system, that
coordinate all the processes for irrigation installation and for communication with high level.
3.3. Monitoring and reports of the plantations irrigation process
Any system for monitoring various processes, including plantation irrigation, requires totalizing
means / tools, reporting on current and cumulative outcomes. Therefore, a series of applications
have been developed for the irrigation monitoring system, which allows the final user to make the
necessary sums and conclusions. We present a series of such reports: the user can visualize the
irrigation water consumption on the selected parcel during certain stages of planting development
or throughout the season as compared to the irrigation rules and the precipitations (fig. 5), report
about portions of irrigation norms about portions of irrigation norms, precipitations and irrigation
volumes for the some phase of plant development (fig. 6).

Fig. 5. The model of interaction between components of the irrigation system through various
networks, including the Internet
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Fig. 6. Example of report diagram about irrigation norms, precipitations and irrigation volumes for the each
phase of plant development

3. Results
The proposed land for irrigation presents a superintensive cherry orchard with a 7-ha area and is
located in the west of the Criuleni town (central region), figure 3. The water for irrigation is
pumped from a 9000 m3 basin. The basin is part of a large irrigation system that uses water from
the Dniester River. Thus, the basin is permanently filled. The solar pump drives water from the
basin to the existing irrigation system.
The existing irrigation system is equipped with the SUPERNET™ UD Micro Sprinkler, the
operating pressure of which must be 1,5-4,0 Bar [10].
Water Requirement. According to [11] the required irrigation water volume for superintensive
orchard is about 5000 m3/ ha. So, for the April - September irrigation period the required water
volume is equal to VR = 5000 ·7 = 35 000 m3. For pump selection, we calculate the flow by
dividing the required water volume to the number of pump operating hours during the irrigation
period
Q = VR /(ND·Nhd) = 35 000/(170·8) = 25,7 m3/h,
(3)
where ND – number of days; Nhd - pump operating hours per day.
The total dynamic head. HG = 5 m, HL = 1,4 m (according to [12] for PVC pipe length-200 m,
diameter-100 mm), HP = 39 m (according to [11] the sprinkler operating pressure that will not
exceed 4 Bar or 39 m of the water column). Thus, H = 45 m.
Pump selection. The most suitable pump for the calculated flow rate Q=26 m3/h and H= 45 m is
the Solar Surface Pump System PS7k2 CS-F20-5 [10], rated flow 27 m3/h at H = 45 m The flow
characteristics as a function of input power, Q(P, H) are shown in fig. 7.
As shown in fig. 7, based on a calculated flow rate of 26 m3/h (rounded) and a H of 45 m a
minimum input of 5,8 kW of peak power is required. With daytime variation of solar radiation,
the pump's operating point will slip on the Q (P, H) characteristic.
PV panel selection. The PV panel selected for this system must be able to provide the minimum
energy requirement to run the pump. In our case about 5,8 kW. However, the panels must have
additional capacity to account for any potential reduction in power due to radiation data incertitude,
high module temperature, dust, etc. Many PV manufacturers recommend increasing the minimum
peak power value by 25 - 30 % to account for these environmental factors. To increase the pump's
running diurnal time with a maximum flow, it is rational to increase power by another 50%.
Therefore, the PV panel will be sized to provide a minimum output of 1,8·5,8 = 10,44 kW. We
accept 11 kW.
Daly, monthly and total delivery rates. First, we calculate diurnal solar radiation using PVGIS
software. The selected point coordinate Latitude: 47,200768, Longitude: 29,128662, the optimal
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tilted angle is 130, the panel is facing the south – Orientation: 00. The results are displayed every
15 minutes. In the same way, we did for all 6 months of the irrigation period. Diurnal radiation over
each hour is shown in fig. 4 on the left. With hour solar radiation, the power generated by the PV
panel is calculated using formula
PPV = (RDaily /1000)·Pp ,

(4)

where RDaily – average hourly solar radiation as result of PVGIS calculation; Pp–PV panel peak
power, 11 kW.
Using the pump characteristic Q (P,H) for H = 45 m (fig. 7, red color) we determine the pump
average hourly flow. The calculations are repeated for all pump operating hours. As a result, we
get the daily pump flow variation, the daily and monthly volume of pumped water, fig.8, on the right.
During the irrigation period,
the volume of pumped water
is equal to the sum of the
months volumes from April till
September: VTotal = 40300
m3 and is higher than the
required by 15 %. We find a
relative
constancy
of
maximum solar radiation on
the PV panel and the
maximum flow rate of the
pump, thus:
1. The maximum solar
radiation on the PV panel is
equal to 784 W/m2 and
corresponds to July. In April,
the maximum radiation is
lower by 15,3% and in
Fig. 7. The operating point of the pump PS7k2 CS-F20-5
September - by 21,2%.
2. In May-August over 4 hours a day, the system ensures a maximum flow rate of 27 m3/h. In
April, the maximum flow rate is lower only by 3,7 % and in September - by 4,4 %.
This relative solar radiation and pump flow constancy is due to the selection of a PV panel with
higher power and the optimum inclination angle in April – September period.
5. Conclusions
During the irrigation period, the volume of pumped water is equal to the sum of the months
volumes from April till September: VTotal = 40 300 m3 and is higher than the required by 15 %. We
find a relative constancy of maximum solar radiation on the PV panel and the maximum flow rate of
the pump, thus:
- The maximum solar radiation on the PV panel is equal to 784 W/m2 and corresponds to July.
In April, the maximum radiation is lower by 15,3% and in September - by 21,2%.
- In May-August over 4 hours a day, the system ensures a maximum flow rate of 27 m 3/h. In
April, the maximum flow rate is lower only by 3,7 % and in September - by 4,4 %.
The developed the hardware of acquisition, processing and communication for the remote control
and management of irrigation installation and the realized software of the low and medium layers
provide the remote control. The proposed architecture, software structure for the background and
public servers can store all the data about irrigation processes.
It have been carried out on the automation of plantation's irrigation process: three irrigation
planning and control modalities have been proposed and software testing has been carried out to
ensure the high reliability of the information and command system and efficiency.
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Abstract: The assessment of energy efficiency at the level of a steam boiler, inside which an organized
activity is carried out is a complex process whose outcome typically has a synthetic character. The
performance indicators, either energy efficiency, or specific consumption, etc. were determined based on an
algorithm for unit calculation, thus creating a consistent database for fast elaboration of optimal thermoenergetic audits, considering the measured and the determined thermal parameters. These calculation
algorithms, specific to balance equations are included in the specialized computing software proposed for the
analysis and processing of thermal quantities. The elaboration of such a specialized computing software for
the analysis and processing of thermal quantities which are part of balance equations, for major industrial
consumers commonly met in the practice of thermo-energetic audits, namely steam boilers, leads to the
optimization of the activity from the point of view of thermal energy.
Keywords: Thermo-energetic balance, thermo-energetic parameters, computing software, LabVIEW

1. Introduction
Energy resources represent an important part of material resources, the feedback of developed
countries and others being materialized with reference to these resources through the
development of the concepts of alternative energy, renewable energy, energy management and
energy efficiency. Together, energy efficiency and protection of the environment constitute one of
the major strategic objectives undertaken by the European Commission in the first European
Energy Charter, signed at the Hague in 1991. The general directions for action recommended in
the most recent documents include energy conservation, energy management, and the furtherance
of new and renewable sources of energy. One of the most frequent thermo-energetic consumers
on the market of energy audits is the steam boiler [1].
The assessment of energy efficiency at the level of a steam boiler, inside which an organized
activity is carried out is a complex process whose outcome typically has a synthetic character.
Energy efficiency and inefficiency respectively cannot be measured directly, they can be expressed
based on one or more energy efficiency indicators, whose values determined on the basis of the
monitoring results are compared with a reference value. The performance indicators, either energy
efficiency, or specific consumption, etc. were determined based on an algorithm for unit
calculation, thus creating a consistent database for fast elaboration of optimal thermo-energetic
audits, considering the measured and the determined thermal parameters. These calculation
algorithms, specific to balance equations are included in the specialized computing software
proposed for the analysis and processing of thermal quantities.
The elaboration of this computing software leads to the speed-up of the stages of implementation
of a thermo-energetic balance, with a possibility to perform several combinations between the
thermal parameters which concur for the achievement of an optimal balance.
The elaboration of such a specialized computing software for the analysis and processing of
thermal quantities which are part of balance equations, for major industrial consumers commonly
met in the practice of thermo-energetic audits, namely steam boilers, leads to the optimization of
the activity from the point of view of thermal energy.
The use of specialized computing software allows the thermo-energetic audit and balance activities
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to be improved in the field of generation and quality of thermal energy, in accordance with the
requirements of the current European standards, the rules in force and the energy requirements
approved by ANRE (Regulatory Authority for Energy). Due to the multitude of thermo-energetic
parameters required for the balance equations, such specialized programs were not developed
until now, except for preparing electrical energy balance sheets [2].
2. The calculation algorithm
Consider the Block-Steam type boiler fueled by heating oil, a fuel with low heating value HI [kJ/kg]
and ultimate composition Cl [%]; Hl [%]; Sl [%]; Ol [%]; W [%].
A BA type boiler is a boiler with a fire tube and three burnt gases tubes [3, 4]. The main functional
parameters, according to the instruction book are the following:
 Nominal output;
 Nominal pressure;
 Steam temperature: according to the saturation pressure;
 Supply water temperature;
 Chimney gas temperature: [ºC];
 Fuel consumption: [kg/h];
 Efficiency: [%].
The contour of the balance includes the physical limits of the boiler. The thermo-energetic balance
sheet was developed for the time unit [5].
The equation of the thermal balance of the boiler is:
Qc ,ch  Qc , f  Qa  QL  QW  Qu  Qga , f  Qga ,ch  Q p  Qrc [kW]
(1)
where:
 Qc,ch – chemical heat of fuel;
 Qc,f – sensible heat;
 Qa – the sensible heat of the supply water and of the water injected in the steam governor;
 QW- heat generated by the electricity supplied to the contour; (to be measured)
 QL – sensible heat of air (including infiltrated air) fed into the boiler;
 Qu – absorbed heat consisting of the heat of the steam generated by the boiler and the heat
yielded to the steam reheater;
 Qga,f – heat loss from sensible heat of burnt gases, including the heat loss from the
injection steam of liquid fuels;
 Qga,ch – heat loss from incomplete chemical combustion;
 Qp – heat loss from purge water;
 Qrc – heat loss to the environment due to the heating of the outer surfaces.

Qc ,ch  BH i [kW]

(2)

where:
 B – is the fuel consumption, in kg/s;
 Hi – the low heating value of the fuel, in kJ/kg.

Qc , f  Bc pc t c [kW]

(3)

where:
 cpc is the specific heat of the fuel, in kJ/(kg ºC);
 tc – fuel temperature, in ºC.

c pc  3,849  2,34  2,299 * 10 3 t c [ kJ /( kg oC )]
for fuel density ρ≥0,9 kg/dm3,
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or tabular choice depending on the density and temperature of the fuel.

Qa  Da ia [ kW ]

(5)

where:
 Da – the supply water flow rate, in kg/s;
 ia – the enthalpy of the supply water, corresponding to the supply water temperature,
 ta- supply water temperature in kJ/kg.

QL   ev BVa0i L [ kW ]

(6)

where:
 αev – the excess air equivalent coefficient measured with burnt gases evacuation;
 V0a – theoretical air volume necessary for liquid fuel unit combustion, in m3N/kg;
iL – enthalpy of combustion air, in kJ/m3N at the balance contour inlet temperature, tL,

where: iL=cLtL
 or choose from the tables.



1 
O l 
0
l
l

Va 
8,89C  26,7 H 
 3,33 [ m 3N / kg ]

100 
8 






(7),

or it can be chosen from the literature.

 ev 






21
O2  0,5CO
21  79
Nl
RO 2  CO 
N 2  0,429
l
K

(8)

Va0 – the theoretical air volume necessary for liquid fuel unit combustion can also be
chosen from the literature depending on the ingredients of the liquid fuel.
αev – the excess air equivalent coefficient measured with burnt gases evacuation may also
be chosen from charts, depending on the oxygen, nitrogen, carbon monoxide and triatomic
gases (RO2=CO2+SO2) percent in the composition of burnt gasses evacuated through the
chimney, in%, and depending on the gravimetric percentage components of carbon,
sulphur, hydrogen, and water in the fuel used (or it can be chosen from charts)
O2, N2, CO, RO2 – represent the oxygen, nitrogen, carbon monoxide and triatomic gases
(RO2=CO2+SO2) percent in the composition of burnt gasses evacuated through the
chimney, in %, while:

K l  C l  0,375S l

(9)

Qu  Dabiab [ kW ]

(10)

where:
 Dab is the steam production of the boiler, in kg/s;
 iab – steam enthalpy, determined according to the saturation pressure, pab, in kJ/kg.


9 H l  W l 100d inj
Cl  Sl

Q gaf  0,32
 0,46

0,536RO 2  CO 
100


310


 4,186C t
0 ga



(11)
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where:
 Cl, Sl, Hl, Wl are the gravimetric percentage components of carbon, sulphur, hydrogen, and
water in the fuel used;
 RO2=CO2+SO2 are triatomic compounds in burnt gases;
 CO – the content of carbon monoxide (RO2 and CO2 are percent by volume in terms of dry
burnt gases);
 tga – temperature of burnt gases at the outlet of the balance contour, in ºC;
 dinj – the flow density of steam required for the injection of the liquid fuel mass unit.

 Q 
C0  C 1  m [ kg / s ]
 100 

(12)

where:
 C – flow rate of the fuel fed to the furnace, in kg/s;
 Qm – heat loss through incomplete combustion.
 Clearly, for the liquid and gas fuels C=C0.
or:

Qga, f = Dga c ga t ga

(13)

where Dga, cga,tga, refer to the flow rate, specific heat and temperature of burnt gases at the outlet
from the boiler.

Q ga ,ch  12680CO

Cl
C0 [ kW ]
0,536CO2  CO 100

(14)

or Qga,ch=DgaHiCOCO;
where: Dga – flow of burnt gases evacuated from the boiler; Dga=BVga;
B – fuel consumption;
Vga – volume of burnt gases evacuated from the boiler;

0  (   1 )V 0
V ga = V ga
ev
a

(15)

where:
 Vga0 – theoretical volume of burnt gases resulting from combustion of 1 m3 of fuel with the
necessary theoretical air (αev=1);
 V0a – the theoretical air volume necessary for the combustion of 1 m3 of fuel;
 HiCO – low heating value of carbon monoxide.





Qrc  q5 Qc  Qinj  QL [ kW ]

(16)

where q5 is chosen from special charts and represents the percentage loss to the environment in
relation to the heat fed to the furnace, or, in the case of recovery boilers, hot gas heat.

Q p  D p i p [ kW ]

(17)

where:
 Dp – the purging flow rate, in kg/s;
 ip – enthalpy of purge water, ip=i´(pab), in kJ/kg.
3. Specialized computing software
In the graphical programming environment provided by LabVIEW, the virtual instrument defines a
software module, a program consisting of a user interface, front panel (simulating intuitively the
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front side of the classic instrument) and a block diagram type program (a diagram, accessible only
to the programmer) [6].
The front panel is the user-wise interface of the virtual instrument and the key element of
programmes developed in LabVIEW because the data input or extraction to/from the programming
environment is achieved by means of this front panel. On the front panel, the controls requiring
user interaction are heavily simplified, with emphasis on graphic display and control elements,
known as controls or indicators. The controls represent inputs to the virtual instrument, performing
data inputs, while the outputs, which communicate the data resulting from the process to the
operator are known as indicators (display elements). The controls have different forms, such as
key buttons, switches, sliders, dials, etc., each type matching an element from the classical
instrument [7].
LabVIEW can be used to deal with data structures from simple to very complex, numeric values,
text strings, graphs, etc. In the case of indicators, these data structures managed by the program
determine their own optimal shape for presenting the data they receive.
Data inputs and outputs are dual, intended for both the operator and the programme, and the
distinction between controls and indicators is not rigid, although some are exclusively display
elements, and others are control elements [8].
The block diagram accompanies the front panel and can be conceived as a source code, as it is
known in classic programming languages. Its components represent the nodes of the programme
such as logical structures, mathematical operators, logical processing functions, etc. The
connection of components is achieved through wires defining the flow of data within the virtual
instrument created by the program [9].
The block diagram is actually a chart used by the programmer to describe the algorithm required
for the application to perform the necessary computing and reasoning for data retrieval and
processing. In most cases, after the programmer has developed an application and delivered it to a
user, the latter no longer has access to the chart, the same way users of other programs do not
have access to their source code [10].
The software interfaces of the computing software application is shown in figure 1, 2 and 3.

Fig. 1. Software interface of the calculation for input into contour
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Fig. 2. Software interface of the calculation for output from the contour

Fig. 3. Software interface of the calculation of the thermal balance equation

Although LabVIEW language consists of all the required elements for writing programs, there is
also the possibility of writing source lines in C language, via a special “Formula Node” node
structure. Another special structure, the “MathScript Node” allows inputting lines of code similar to
MATLAB program. This considerably expands the programming possibilities, enabling the users to
write their own code sequences and extending the standard facilities provided by the LabVIEW
environment. So we can say that this is an open environment, which increases its performance
[11].
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Fig. 4. Block diagram of the specialized computing software

The computing software application also automatically generates reports to Excel files, and the
block diagram of the software process is shown in Figure 5:

Fig. 5. Generation of Excel type report
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4. Example of calculation
The thermo-energetic balance aims to measure the energy quantities input to the contour during
the analyzed time span, to determine the energy losses inside the contour and the quantities of
useful energy as the difference of two values.
Table 1: The average values of the measurands for a boiler
Measurand
Fuel consumption

Symbol

Unit

Value

B

3

36

m /h
3

Low heating value of the fuel

Hi

kJ/m

33735

Fuel temperature

tC

C

20

Temperature of the air inlet in the furnace

tL

C

20

Supply water flow rate

Da

kg/h

500

Supply water temperature

ta

C

100

Steam production

Dab

kg/h

425

Steam pressure

pab

bar

25

Steam temperature

tab

C

200

Burnt gases temperature

tga

C

110

Starting with the values shown in Table 1, following the application software run, the results
obtained in the figures 6, 7, and 8.

Fig. 6. Software interface of the calculation for input into contour for the steam boiler
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Fig. 7. Software interface of the calculation for output from the contour for the steam boiler

Fig. 8. Software interface of the calculation of the thermal balance equation for the steam boiler

5. Conclusions
The elaboration under a uniform conception of the documentation relating to the algorithms for
calculating the thermal parameters associated with steam boilers has promoted the development
of software for these types of installations for the production of heat, currently required in the
practice of thermo-energetic audits and balances. The calculation algorithms, specific to balance
equations, can be found in a specialized computing program for the analysis and processing of
thermal quantities.
The analytic expressions for calculating the thermal parameters specific to heat consumers can be
found in the LabVIEW graphical programming environment, a programming system which has
revolutionized the development of test, measurement and control applications. By mean of this
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system, an interface can quickly and efficiently be achieved with the hardware for data acquisition
and control, data analysis can be performed, and useful systems can be designed for developing
optimized balances.
The parameterized software creates the prerequisites for improving such thermo-energetic audit
and balance activities by data management, performance of measurements and analysis,
interpretation of phenomena, situations in the field of generation and quality of thermal energy, in
accordance with the requirements of the current European standards, the rules in force and the
energy requirements approved by ANRE.
The specialized computing software leads to the speed-up of the stages of implementation of a
thermo-energetic balance, with a possibility to perform several combinations between the thermal
parameters which concur for the achievement of an optimal balance.
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Abstract: The aim of this study was to investigate the capacity of Nannochloropsis oculata (microalgae) and
Spirulina (cyanobacteria) biomass for Rhodamine B and Methylene blue removal from aqueous solutions.
The results reveal that Nannochloropsis oculata was more efficient for Rhodamine B and Methylene blue
removal, than Spirulina. The most favourable biosorption of Rhodamine B onto Nannochloropsis oculata and
Spirulina was obtained at pH 4 and pH 1, respectively. The optimum pH for Methylene blue removal by
Nannochloropsis oculata and Spirulina was 1. The experimental data were analysed using Langmuir,
Freundlich, and Dubinin-Radushkevisch isotherm models. The Freundlich model fitted better the
experimental results for the removal of Rhodamine B onto Nannochloropsis oculata and Spirulina biomass.
Langmuir isotherm model suggested the monolayer coverage of Methylene blue molecules onto
Nannochloropsis oculata. Dubinin-Radushkevich isotherm indicated a chemically process involved in
Rhodamine B removal onto Nannochloropsis oculata and Spirulina. In case of Methylene blue removal onto
Spirulina, Dubinin-Radushkevich isotherm indicated a physically process.
Keywords: Nannochloropsis oculata, Spirulina, Methylene blue, Rhodamine B, biosorption

1. Introduction
The production and usage of synthetic dyes have increased worldwide due to their high stability
and cost-effectiveness in synthesis compared with natural dyes [1]. Thus, the discharge of
coloured wastes has become one of the main sources of environmental pollution.
The presence of dyes in water can cause significant changes, including a decrease in the
photosynthetic activity and dissolved oxygen, an alteration of the pH, an increase in the
biochemical oxygen and chemical oxygen demand, in aquatic life. Also, can exhibit chronic effects
towards biota, such as mutagenic damage and carcinogenicity [1, 2, 3]. It has been found that
above the concentration of 1 mg/L, the dye is visible in the wastewater and typically the
concentration of dyes found in textile wastewater is in the range of 10 to 50 mg/L [3].
The Rhodamine dye is a synthetic dye used as a colorant in textile and food industry. Its presence
in drinking water could lead to subcutaneous tissue borne sarcoma [4].
Methylene blue (MB) is a cationic dye used in chemistry, biology, medical science and textile
industry. Its long term exposure can cause vomiting, nausea, anemia and hypertension affecting
human life [5].
Various physical/chemical methods have been investigated for dyes removal from wastewaters [1].
Among these, the adsorption methods appear to be an efficient alternative for the removal of a
wide range of compounds [6].
The application of low cost adsorbents has been extensively applied for colour removal but the
results showed that they failed to achieve high adsorption capacity.
Microalgae appears to have an advantage due to the use of wastewater as a low cost nutrient
source for its production [7].
Several algae were used for dyes removal, such as dead biomass of Spirogyra, living biomass of
microalgae Caulerpa lentillifera and Caulerpa scalpelliformis, Chlorella vulgaris, dry and wet
biomass of Chlorella pyrenoidosa [7].
The aim of the present study was to evaluate the potential application of Nannochloropsis oculata
microalgae and Spirulina (cyanobacteria) biomass for Rhodamine B and Methylene blue removal
from aqueous solutions by taking into account the effect of adsorbent dosage and pH.
318

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
2. Experimental protocol
The experiments were performed in batch conditions, contacting different quantities of
Nannochloropsis oculata and Spirulina (1 – 5 g) with 50 mL dye solutions (Rhodamine B and
Methylene blue). All the experiments were carried out at the same initial concentration (50 mg/L)
and stirring rate (75 rpm) for 240 min. After the equilibrium was reached, the dye solutions were
separated from the biomass by centrifugation at 3600 rpm for 10 min. The concentration of
Rhodamine B and Methylene blue in solution was determined using Lambda 25 Perkin-Elmer
UV/VIS spectrophotometer at 665 nm and 554 nm, respectively.
The dyes amount in the adsorbent phase, qe (mg/g), was calculated using equation (1), while dyes
removal efficiency, E (%) was calculated using equation (2):
(1)
e

e
e

(2)

where, qe is the amount of dye adsorbed per gram of adsorbent at equilibrium (mg/g), V is the
volume of solution (mL), m is the weight of the adsorbent (g), Ce is the equilibrium dye
concentration (mg/L) and C0 is the initial dye concentration (mg/L) [7].
2.1 Materials
Nannochloropsis oculata and Spirulina as powder were used as received without any further
purification.
2.2 Chemicals
Rhodamine B and Methylene blue were purchased from Merck, Germany. The calibration
standards (2-10 mg/L) and the initial concentration of 50 mg/L were prepared by diluting a stock
solution of 100 mg/L Rhodamine B and Methylene blue. All used chemicals were of analytical
purity and used as received without any further purification. The pH adjustments were carried out
using dilute 1M NaOH and 1N HCl solutions.
3. Results and discussion
3.1 Influence of adsorbent quantity
To determine the influence of adsorbent doses for Rhodamine B and Methylene blue biosorption,
the experiments were performed by contacting different quantities of Nannochloropsis oculata and
Spirulina (1 – 5g) with 50 mL dye solutions (50 mg/L) at room temperature (22 ± 2°C) for 240 min.
The results obtained for Rhodamine B and Methylene blue biosorption onto Nannochloropsis
oculata and Spirulina are given in Fig. 1 and Fig. 2, respectively.
The percent removal of Rhodamine B (Fig. 1) onto Nannochloropsis oculata and Spirulina
increased as the adsorbent quantity increased from 1 to 3 g at 50 mg/L dye concentration on
equilibrium time. This can be due to the number of available biosorption sites. Thus, the surface
area increase by increasing the adsorbent quantity reflecting an increase in the amount of
adsorbed dye [7].
It was noted that there was 95.1% removal efficiency for Rhodamine B dye removal at 2 g
Nannochloropsis oculata and 96.4 at 3 g of Nannochloropsis oculata (smaller difference in term of
removal efficiency can be seen). Therefore, 2g of microalgae biomass was chosen as optimum
quantity for further experiments.
In case of Rhodamine B removal onto cyanobacteria Spirulina smaller removal efficiency values
were obtained.
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Fig. 1. Rhodamine B removal onto Nannochloropsis oculata and Spirulina at different adsorbent quantities.
C0 = 50 mg/L, m = 1 - 5 g, pH = 4, V = 50 mL, t = 240 min

As it can be seen from Fig. 2, the percent removal of Methylene blue onto Nannochloropsis oculata
and Spirulina increased as the adsorbent quantity increased from 1 to 3 g at 50 mg/L dye
concentration. The assumption made in case of Rhodamine B removal can be attributed also in
this case (the surface area increase by increasing the adsorbent quantity).
It was noted that there was 99.9% removal of Methylene blue dye at 2 g and 3 g of
Nannochloropsis oculata, respectively.
For Methylene blue removal onto Spirulina the removal efficiency values were much smaller than
the values obtained for Rhodamine B removal on Spirulina.

Fig. 2. Methylene blue removal onto Nannochloropsis oculata and Spirulina at different adsorbent quantities.
C0 = 50 mg/L, m = 1 - 5 g, pH = 4, V = 50 mL, t = 240 min
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3.2 Influence of pH
To determine the influence of pH for Rhodamine B and Methylene blue biosorption, the
experiments were performed by contacting 2 g of Nannochloropsis oculata and Spirulina with 50
mL dye solutions (50 mg/L) at different pH values (1 - 13) at room temperature (25 ± 2°C) for 240
min.
The results obtained for Rhodamine B and Methylene blue biosorption onto Nannochloropsis
oculata and Spirulina are given in Fig. 3 and Fig. 4, respectively.

Fig. 3. Rhodamine B removal onto Nannochloropsis oculata and Spirulina at different pH values.
C0 = 50 mg/L, m = 2 g, pH = 1 - 13, V = 50 mL, t = 240 min

The most favourable biosorption of Rhodamine B onto Nannochloropsis oculata and Spirulina was
obtained at pH 4 and pH 1 (Fig.3), respectively.

Fig. 4. Methylene blue removal onto Nannochloropsis oculata and Spirulina at diferent pH values. C0 = 50
mg/L, m = 2 g, pH = 1 - 13, V = 50 mL, t = 240 min
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The optimum pH for Methylene blue removal by Nannochloropsis oculata and Spirulina was 1
(Fig.4). This can be due to the increase of positively charged adsorbent surface sites at the
expense of the number of negatively charged surface sites, at lower pH values. Therefore, with an
increase of pH a decrease of adsorption capacity was observed (the electrostatic repulsion
between the positively charged surface and the positively charged dye molecule increased) [7].
3.3. Equilibrium studies
In order to investigate the Rhodamine B and Methylene blue removal the experimental results were
analysed by taken into account the Langmuir, Freundlich and Dubinin-Radushkevich isotherm
models.
The Langmuir isotherm was applied in order to determine if the biosorption process occurred onto
a monolayer surface [8]. The linear form of the Langmuir isotherm is given in Table 1, where KL is
the Langmuir adsorption constant (L/mg) and qmax is maximum amount of dye adsorbed per gram
of adsorbent (mg/g) [9].
Table 1: Linear forms of isotherm models
Isotherm model
Langmuir

Linear form
e

a

Plot

e

DubininRadushkevi
ch

e

e

e

a

e

Freundlich

e

e

a
e

e

Langmuir parameters, qmax and KL, obtained from the slope and intercept of the plot 1/qe vs. 1/Ce
are presented in Table 2.
Freundlich isotherm was applied in order to determine if the biosorption process occurs on a
heterogeneous surface [10]. Its linear form is given in Table 1, where, KF is the adsorption capacity
(L/mg), 1/n is the adsorption intensity [11]. If n value is below 1 it indicates a normal adsorption, > 1
indicates cooperative adsorption and if 1< n < 10 indicates a favourable adsorption process [12].
Freundlich parameters, KF and n, obtained from the logqe vs. logCe linear plot are presented in
Table 2.
The n value obtained for Rhodamine B onto Nannochloropsis oculata was found to be lower than
1, indicating a normal biosorption. Also, Freundlich isotherm parameter (n value) indicated a
normal biosorption of Methylene blue removal onto Nannochloropsis oculata and Spirulina. The n
value obtained for Rhodamine B onto Spirulina was found to be greater than 1, indicating a
favourable biosorption of the considered dye.
Based on the correlation coefficient values (R2), it can be concluded that Freundlich model fitted
better the experimental results for the removal of considered dyes except for Methylene blue
removal onto Nannochloropsis oculata (in this case Langmuir model fitted better the experimental
results).
The Dubinin-Radushkevich model was applied to determine the nature of the biosorption process
(physically if EL < 8 kJ/mol or chemically if EL value lies between 8 kJ/mol and 16 kJ/mol) [13, 14].
Its equations are given in Table 1, where is Dubinin Radushkevich constant (mol2/ kJ2), R is the
gas constant (8.314 J/mol·K), T is the ab ut t mp ratur K , ε is the Polanyi potential and EL is
the mean adsorption energy (kJ/mol) (Ayawei et al. 2017).
Dubinin-Radushkevich parameters, qmax and , obtained by plotting ln qe vs. 2 are given in Table 2.
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Table 2: Langmuir, Freundlich and Dubinin-Radushkevich isotherm parameters
for Nannochloropsis oculata and Spirulina at different adsorbent quantities.
Rhodamine B
Isotherm model

Parameters

Nannochloropsis

Methylene blue

Spirulina

oculata
Langmuir

Spirulina

oculata

qmax/(mg/g)

16.23

1.80

142.86

13.87

KL/(L/mg)

0.03

0.61

0.13

0.04

0.9864

0.9841

0.9483

0.8976

n

0.95

4.65

0.79

0.41

KF/(L/mg)

2.26

3.54

21.40

41.73

0.9915

0.9961

0.9280

0.9570

R
Freundlich

Nannochloropsis

R

2

2

2

2

-9

2·10-8

/(mol / kJ )

7·10

Radushkevich

EL/( kJ/mol)

8.5

15.8

7.90

5.0

0.9931

0.9954

0.9233

0.9582

R

8·10

-9

Dubinin-

2

2·10

-9

As it can be seen from Table 2 the mean free energy value indicated a chemically process involved
in Rhodamine B removal on Nannochloropsis oculata and Spirulina. In case of Methylene blue
removal onto Nannochloropsis oculata and Spirulina, the mean free energy value indicated a
physically process.
4. Conclusions
In this paper, the use of Nannochloropsis oculata microalgae and cyanobacteria Spirulina was
investigated for Rhodamine B and Methylene blue dyes removal from aqueous solutions.
The results revelled that the percent removal of Rhodamine B and Methylene blue onto
Nannochloropsis oculata and Spirulina increased as the adsorbent quantity increased.
By studying the effect of pH the removal efficiency values decreased as the initial pH increased.
The Freundlich parameter suggested that the removal of Rhodamine B onto Nannochloropsis
oculata and Spirulina biomass occurred on a heterogeneous surface.
Langmuir isotherm model suggested the monolayer coverage of Methylene blue onto
Nannochloropsis oculata.
Also, was found that a physically process was involved in Rhodamine B removal onto
Nannochloropsis oculata and Spirulina. In case of Methylene blue removal onto Spirulina a
chemically process was involved and a physically one onto Nannochloropsis oculata.
Based on the obtained results, Nannochloropsis oculata and Spirulina biomass have been proven
to be potential dye biosorbents for Rhodamine B and Methylene blue removal.
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Abstract: Nowadays, plastic wastes from post-consuming containers or bottles has a serious attack to the
environment, because of both land and water resources pollution problems. Civil engineers think that there a
good chance to consume a large part of the total mass of plastic wastes via producing a recycled concrete
containing this plastic waste, in the form of shredded particles or fibres. Relatively large amount of data on
the basic properties of concrete containing different plastic wastes are available in the literature. However,
there is a lack of information on the mechanical properties of concrete containing both shredded particles
and fibres. This study was arranged to investigate properties of compressive strength and splitting tensile
strength of concrete containing 10% of shredded polyethylene terephthalate (PET) waste particles and different
volumes of PET waste fibre. Results indicate that the addition of PET fibre to the recycled concrete has
some beneficial effect on the losses take place in compression containing shredded particles. The effect of
addition PET fibre to the concrete was found more important for the splitting tensile strength property. It is
concluded that the addition of both shredded PET particles and fibres to concrete can control the losses take
place in strength and accordingly a higher quality of this type of recycled concrete can be produced.
Keywords: Compressive strength, PET waste fibre, Splitting tensile strength.

1. Introduction
Concrete material is known to be weak in tension and cracking resistance. Conventionally, steel
reinforcement is provided in concrete in order to carry the tensile forces and prevent any cracking.
Adding short dispersed fibers could help in enhancing the flexural and tensile strength of the
concrete. The main fibers used as concrete reinforcing materials are steel, glass, and polymeric
fiber. The polymeric fibers that can be used in concrete reinforcements are nylon, aramid,
polypropylene, polyethylene, polyester, etc. Polyethylene terephthalate (PET) is one of the most
widely used plastics in the packaging industry because of high stability, non-reactivity with
substances. Therefore, the productions of PET bottles have increased exponentially. The modern
technology caused more waste materials productions for which the disposing problem exists.
Utilizing these waste bottles in any form is advantageous, not only for the prevention of the
environmental pollution but also energy saving in the disposal. Contributions of PET fiber in
concrete using a different form of PET fibers have been explored [1-9]. The use of shredded
plastics has known a growing interest as recycled materials in civil engineering construction.
Shredded PET waste is added to concrete as a sand replacement, and this beneficial in many
ways as it produces a lightweight concrete and also consumes less amount of aggregate
compared with conventional lightweight concrete. The efficiency of PET waste fibers for reinforcing
concrete has been considered in some investigations [1,2,3,9]. Fotti [9] have experimented on PET
fiber reinforced concrete. An Important improvement in ductility behavior of concrete subjected to
flexure was reported. Other tests [3] were focused on solid waste disposal of non-biodegradable
materials used in concrete as a sand replacement. 0.5%, 1%, 2%, 4% and 6% volume of sand was
replaced by PET bottle fibers. The waste PET bottles were collected, shredded into flakes or cut to
make plastic fibers. The unit weight of concrete was found to be reduced for PET fiber reinforced
concrete. It was observed that the compressive, split tensile and flexural strength were increased
at 2% addition of fibers, thereafter reduction in strength was resulted.
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Test data obtained by Albano et. Al [5] showed a reduction in the properties of compressive
strength, tensile strength, and modulus of elasticity as a result of using shredded PET waste
particles.
It is observed from past studies that the preparation of plastic waste is important on the residual
properties of concrete, shredded particles have no good action in concrete but fibers have some
enhancement of the tensile strength of concrete. The present work aimed to study the effect of
PET waste fiber addition to concrete containing shredded PET waste particles on the properties of
compressive strength and splitting tensile strength. Analysis of data is fairly made and compared
with the properties of concrete containing PET waste shredded particles or fiber alone.
2. Experimental Work
2.1 Materials
Basic cconcrete materials used in this study are cement, fine aggregate, coarse aggregate and
water.The cement used as ordinary Portland cement (Type I). Both fine and coarse aggregates
used were on saturated surface dry (SSD) state with specific gravity equal to 2.64 and 2.65 for
coarse and fine aggregates respectively. The maximum size of coarse aggregate was 19 mm.PET
polymerwaste from post-consumer plastic containers origin was used in this study. PET particles
as shown in Fig.1 shows PET waste shredded particles and fiber used in this investigation. PET
waste was used in two different forms, shredded particles of 5mm average dimensions as partial
replacement of fine aggregate by 10% and different amounts of fibers(length =30mm, width = 5
mm and thickness = 0.12 mm) as an addition by weight of cement.
2.2 Mix proportion and mixing
Mix proportion for control concrete was 1:2:3 (cement: fine aggregate: coarse aggregate) by weight
with water/cement ratio equal to 0.45. No admixture was used in any mix batch. Concrete
constituent materials, except water, where fed first to the electrical tilting drum mixer, and left to
rotate for three minutes. Later, water was added and left to mix for another two minutes. For those
mixes containing shredded PET plastic after the five minute mixing the particles were sprayed on
fresh concrete inside the mixer continuously and left to mix for one minute. The same procedure
was made for the case of PET fiber addition. For all mixes containing PET was particles 10% of
fine aggregate was replaced with shredded PET waste. Fibers were added by weight of cement at
percentages of 0.4, 0.8, 1,2 and 1.6. After 24 hours from casting concrete specimens taken from
moulds and left in a water tank for 28 days of curing. Casting, mixing and curing were done in the
laboratory at the temperature of 25±1oC.

Fig. 1. View of PET particles and fibers used in this study
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2.3 Test specimens and testing
A total of fifteen 150 mm cube specimens and the same number of 150 x 300 mm cylinder
specimens from five mix batches were cast and tested. After curing all specimens were left in the
laboratory to dry for 7 days before testing. Measurements were taken for the density of dried
concrete. Cubes were tested for compressive strength using the universal testing machine of 3000
kN capacity, at the rate of loading of 0.3 MPa/sec till failure. Splitting tensile strength test was
carried out on cylinders using the same testing machine under the rate of loading of 0.2 MPa/sec.
Average of three measurements were taken for the two measured strengths.
3. Results and Discussion
3.1 Test results
Table 1 shows test results of concrete density, compressive strength and splitting tensile strength
for all concrete mixes. Specimen’s designation is as follows, M is a mix, the first number is the ratio
of shredded PET particles and the last number is the PET waste fibre ratio. Fig. 2 shows the
variation of concrete density ratio with PET waste fiber. Fig. 3 shows the variation of compressive
strength ratio with PET waste fiber and Fig. 4 shows the variation of splitting tensile strength ratio
with PET waste fiber ratio.
Based on the results of Table 1 and Fig. 2 one can observe that the reduction in concrete density
with PET shredded particles and fibre is quite small and not exceeds 0.8%. Therefore, it is
concluded that the density is not changed when concrete contained 10% shredded particles and
fiber ratio up to 1.6% by weight of cement. Based on the results of Table 1 and Fig. 3 it is observed
that there is a moderate compressive strength loss as a result of adding shredded PET particles to
concrete reaching 16.44% at 0.8% fiber content, but there is some recovery in the strength with
increasing fiber content up to 1.6%. For the latter case, the compressive strength loss is 10.4%.
Therefore, there is a moderate effect of PET fiber addition to control the compressive strength loss
resulted from PET waste shredded particles added to concrete. Results of splitting tensile strength
are somewhat different compared with those of compressive strength, and different from those
obtained by other researchers, because there is no splitting tensile loss related to concrete tested
in this investigation. This may be due to the fact that the strength of control concrete tested in this
study is already small as a result of using a lean mix. The other reason is that the effect of fibre
addition, even low, will have a beneficial effect on the splitting tensile strength. It is observed that
the tensile strength increased with fibre ratio increase reaching 25% as a maximum value.
Therefore, it is concluded that the effect of PET fibre addition is important for increasing splitting
tensile strength containing 10% shredded PET waste particles up to 1.6% fiber ratio by cement
weight. From the foregoing discussion, one can conclude that the mixture of shredded and fibres is
better than using shredded particles alone for producing recycled concrete containing plastic
wastes.
Table 1: Test results of dry density and concrete strengths
Specimen designation
M0-0
M10-0.4
M10-0.8
M10-1.2
M10-1.6

3

Density (Kg/m )
2358
2341
2340
2343
2339

Compressive strength
(MPa)
29.8
25.5
24.9
26.0
26.7
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Splitting tensile strength
(MPa)
2.8
3.0
3.3
3.1
3.5
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Fig. 2. Variation of concrete density ratio with PET fibre ratio

Fig. 3. Variation of compressive strength ratio with PET fibre ratio

Fig. 4. Variation of splitting tensile strength ratio with PET fibre ratio
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3.2 Comparison with the past test data
It is better to compare the obtained test data with those reported by the other researchers related
to compressive and splitting tensile strengths of concrete containing PET waste particles or fibres.
A total of 32 test data on the compressive strength of concrete containing 10% of PET waste
shredded particles were taken from references [5-8] are used here. The compressive strength ratio
is varied between 0.581 and 1.026. Average value of the residual compressive strength ratio is
0.808. A total of 18 test data on splitting tensile strength of concrete containing 10% of PET waste
shredded particles were taken from references [4-8] are used here. The tensile strength ratio is
varied between 0.519 and 1.056. Average value of the residual tensile strength ratio is 0.906. A
total of 24 data point tested by Nibudey et al [9] of compressive strength and tensile strength were
used for the comparison sake. Fig. 3 shows the variation of compressive strength of concrete with
the fibre ratio variation based on the test data obtained in this investigation and those obtained by
Nibudey et al [9] in addition to the average percentage reduction related to 10% shredded particles
content. It is observed that the maximum strength loss measured in this investigation is smaller
than the average strength loss which is 19.2% obtained by the other researchers. The reason of
this is because of the existence of fibres. The compressive strength of concrete tested in this
investigation is close to those measured by Nibudey et al [9] for concrete contained 30 mm fiber
length which is close to that attempted in this investigation, but the optimum fiber content for the
minimum loss is somewhat different. One can observe that the strength loss increased with fibre
ratio larger than 1% tested by Nibudey et al. The behavior in tension is somewhat different. One
can observe that the splitting tensile strength loss as a result of shredded PET waste particles is
only 9.4%, smaller than that of compressive strength. The effect of fiber addition is beneficial for
fiber content not larger than 2%. The best fiber content is 1% and at this fiber content the increase
is splitting tensile strength is 17.8% for the 50 mm length PET fiber and 11.2% for the 30 mm
length fiber tested by Nibudey et al [9]. The splitting tensile strength of concrete tested in this
investigation is nearly similar to that obtained by Nibudey et al alone as observed from Fig. 4.
Therefore, one can conclude that there is no problem related to the tensile strength of concrete
contained shredded particles and fibre up to 1.6%.
4. Conclusions
The following conclusions can be drawn from this research study
1. There is a good chance to use a combination of both shredded and PET waste fibre for the
production of recycled concrete containing plastic waste. Up to 10% shredded particles and
1.6% fibre ratio can be used for practical applications.
2. Compressive strength loss of the produced concrete is not larger than the average loss
obtained by the other researchers which is 19.2%. The splitting tensile strength was found
not reduced due to the combination of shredded and fibre wastes.
3. In general, properties of concrete containing both shredded and PET waste fibre is similar
to those of concrete containing plastic fibres alone.
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Abstract: This article presents some considerations on the generation and use of renewable energies as
well as the benefits of using them as an alternative to the current fossil fuel-based power generation system.
It is shown the evolution of renewable energies in the last ten years, the trends and new orientations in the
development of renewable energy conversion systems, as well as some elements regarding the evolution of
the costs and investments in the field.
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1. Introduction
The prospect of exhaustion of fossil energy resources, still dominating global consumption, as well
as focusing on environment-friendly technologies, has led to an avalanche of technologies for the
superior use of renewable energy sources as an alternative to the future of mankind.
The pace of development and spread of new technologies for all types of renewable sources is
explosive, the growth of them being almost exponential.
However, classic / fossil fuels, oil, gas, coal remain the main sources of energy for a long time,
Figure 1 [1]. Positive is the fact that the amount of renewable energies in total planetary
consumption is continually increasing.

Fig. 1. Global energy consumption, 1970-2025 [1]

Fig. 2. Production and import of oil in the USA [1]

For example, the same pattern of exponential growth was also the evolution of oil production and
import in the USA, with production peaking in 1970, after which import is accentuated, due to a
strategic policy of this country, as shown in Figure 2 [1].
A brief analysis of the curve, demonstrates the very similarity to the Hubbert standard curve.
Based on past oil production data, the HUBBERT curve was built, and used to make estimates of
future production performance. According to this estimate, in Figure 3, it can be seen that the
maximum oil and gas production quota has already been reached around 2007.
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Fig. 3. Estimation of the maximum oil and gas production quota [1]

Interestingly is that, using other estimation methods, the results obtained are similar.
Therefore, in this context, it is important to estimate the energy production in the future, in order to
know the moment when the regenerative energies will become the main sources of energy that will
ensure the necessity of the development of the human society.
That is why today we can talk about a global energy policy and a concerted strategy to reduce
pollutant emissions into the atmosphere, based on concrete technical and economic solutions for
rational use of fossil fuel reserves (which still have the main share in the production of energy) and
on a growing scale of renewable energy sources, the so-called "clean" energies or unconventional
energies, an alternative to the current energy recovery system of the Earth's fossil fuel reserves.
However, environmentally friendly renewable (solar, wind, hydraulic and so on) are not able today
to meet these ever-increasing needs [1].
2. Overview of the development of renewable energies
Renewable energy comes from natural resources that are constantly renewed over relatively short
periods of time. Currently, the functioning of the world economy relies heavily on energy from nonrenewable resources (coal, oil, natural gas). Factors such as greenhouse gas emissions that
favour global warming (see Figure 1), pollution, acid rain, all caused by the use of these
conventional resources, but also the alarm signals that draw attention to the fact that oil - the main
fuel source for transport - is about to run out, have triggered a significant global investment process
in order to capitalize on renewable energy resources [2].
Worldwide, some renewable energy technologies have reached a certain degree of maturity, but
others are in the testing or even applied research phase.
As a result of global population growth and the decline in fossil fuel, oil and natural gas reserves,
research and development is increasingly focusing on renewable energy [3].
Renewables are now established around the world as main-stream sources of energy. Rapid
growth, particularly in the power sector, is driven by several factors, including the improving costcompetiveness of renewable technologies, dedicated policy initiatives, better access to financing,
energy security and environmental concerns, growing demand for energy in developing and
emerging economies, and the need for access to modern energy. Consequently, new markets for
both centralised and distributed renewable energy are emerging in all regions [4].
Global investment also climbed to a new record level, with further declines in per unit costs of
wind and solar photovoltaics (PV). For the sixth consecutive year, renewables outpaced fossil
fuels for net investment in power capacity additions [4].
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In parallel with growth in markets and investments, saw continued advances in renewable energy
technologies, ongoing energy efficiency improvements. The year also saw expanded use of heat
pumps, which can be an energy-efficient solution for heating and cooling [4]. The power sector
experienced its largest annual increase in capacity ever, Wind and solar PV had record additions
for the second consecutive year, accounting for about 77% of new installations, and hydropower
represented most of the remainder [4].
Renewable energy accounted for an estimated 4% of global fuel for road transport in 2015.
The solar PV market was up 25% over 2014 with an annual market in 2015 was nearly 10 times
the world’s cumulative solar PV capacity of a decade earlier.
Wind power was the leading source of new power generating capacity in Europe and the United
States in 2015, and the second largest in China. The offshore sector had a strong year.
Global new investment in renewable power and fuels climbed to a record in 2015. This
represents a rise of 5% compared to previous year.The global new investment in renewable power
and fuels, developed, emerging and developing countries, in peroid of ten years, 2005–2015, is
preyented in figure 4.

Fig. 4. Global new investment in renewable power and fuels [4]

Energy efficiency improvements reflect, in part, increasing investments. The global primary energy
intensity and total primary energy demand, in period 1990–2014, is shown in figure 5.

Fig. 5. The global primary energy intensity and total primary energy demand [5]
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3. Evolution of regenerative energies in the last ten years [5]
3.1. Power
Renewable power generating capacity saw its largest annual increase ever in 2016, Total global
renewable power capacity was up almost 9% compared to 2015.
Solar PV saw record additions and, for the first time, accounted for more additional power capacity
than any other generating technology. Solar PV represented about 47% of newly installed
renewable power capacity in 2016, and wind and hydropower accounted for most of the
remainder, contributing about 34% and 15.5%, respectively.In 2016, renewables accounted for an
estimated nearly 62% of net additions to global power generating capacity. At the 2016 year’s end,
renewables comprised an estimated 30% of the world’s power generating capacity – enough to
supply an estimated 24.5% of global electricity, with hydropower providing about 16.6%.
By the end of 2016, the top countries for total installed renewable electric capacity continued to be
China, the United States, Brazil, Germany and Canada. China was home to more than one-quarter
of the world’s renewable power capacity. The ongoing growth and geographical expansion of
renewable energy was driven by the continued decline in prices for renewable energy technologies
(in particular, for solar PV and wind power), by rising power demand in some countries and by
targeted renewable energy support mechanisms. Solar PV and onshore wind power are now
competitive. Bid prices for offshore wind power also dropped significantly in Europe during 2016.

Fig. 8. Renewable power capacities in world, BRICS, EU-28 and Top 6 countries, 2016 [5]

3.2. Biomass Energy
Bioenergy (in traditional and modern uses) is the largest contributor to global renewable energy
supply There are many pathways by which biomass feedstocks can be converted into useful
renewable energy, figure 9.

Fig. 9. Generating and using energy from biomass [5]
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3.3. Hydropower
Global hydropower capacity additions in 2016 are estimated to be in increasing. The top countries
for hydropower capacity are China, Brazil, the United States, Canada, the Russian Federation,
India and Norway, which together accounted for about 62% of installed capacity at the end of
2016. Global hydropower generation was estimated to be up about 3.2% over 2015. Global
pumped storage capacity (which is counted separately) also in increasing in 2016, figure 10.

Fig. 10. Hydropower plant [5]

Pumped storage is the dominant source of large-scale energy storage, and new projects are
under development. Global pumped storage capacity rose by more than in 2016, with new capacity
installed in China, South Africa and Europe. On a smaller scale, pumped storage is being pursued
to supplement mini-grids and to help integrate variable renewable energy. For example, a pumped
storage facility is being implemented in the Canary Islands as part of a larger programme to
improve grid stability and to accommodate variable generation. In Gaildorf, Germany, a hybrid
wind power and pumped storage pilot project is under way; the upper reservoirs are being
integrated into the towers and bases of the wind turbines, creating the added benefit of taller hub
heights and thus greater potential wind power generation.
3.4. Solar Photovoltaics (PV)
More solar PV capacity was installed in 2016 (up 48% over 2015) than the cumulative world
capacity five years earlier. Figure 11 presents the solar photovoltaics panels.

Fig. 11. Solar photovoltaics panels [5]

By year’s end, global solar PV capacity totalled will be pncreased (see Figure 12). For the fourth
consecutive year, ASIA eclipsed all other markets, accounting for about two-thirds of global
additions. The top five markets – China, United States, Japan, India and the United Kingdom –
accounted for about 85% of additions; others in the top 10 for additions were Germany, the Korea,
Australia, the Philippines and Chile. For cumulative capacity, the top countries were China, Japan
(which passed Germany) and the United States, with Italy a distant fifth (see Figure 13).

335

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

Fig. 12. Solar PV global capacity and annual additions, 2006-2016 [5]

Fig. 13. Solar PV global capacity, by country and region, 2006-2016 [5]

While China continued to dominate both the use and manufacturing of solar PV, emerging markets
on all continents have begun to contribute significantly to global growth. In 2016, China added
capacity up 126% over 2015, increasing its total solar PV capacity 45% , far more than that of any
other country, Figure 14.

Fig. 14. Solar PV capacity and additions, Top 10 countries, 2016 [5]
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Despite tremendous demand growth in 2016, the year brought unprecedented price reductions for
modules, inverters and structural balance of systems. Due to even greater increases in production
capacity, as well as to lower market expectations, particularly in China, for 2017, module prices
plummeted. by an estimated 29%, vs the fourth quarter of 2015, dropping to historic lows.
The year 2016 also saw an increased interest in hybrid projects that locally integrate solar PV with
other renewables and energy storage technologies, an innovation that can strengthen a plant’s
generation profile and enable sharing of resources for construction and maintenance.
3.5. Solar thermal heating and cooling
Solar thermal technology is used extensively in all regions of the world to provide hot water, to heat
and cool space, to dry products and to provide heat, steam or refrigeration for industrial processes
or commercial cooking, figure 15.

Fig. 15. Solar thermal systems [5]

By the end of 2016, solar heating and cooling technologies had been sold in at least 127 countries.
The cumulative capacity of glazed (flat plate and vacuum tube technology) and unglazed collectors
in operation increased to a year-end total of 456 GWth, up from 435 GWth a year earlier, figure 16.

Fig. 16. Solar water heating collectors global capacity, 2006-2016 [5]

The solar water heating collector additions and the Top 20 countries for capacity added in 2016,
are presented in figure 17.
Solar PV-thermal technologies capture the waste heat from solar PV modules, which utilise only
12-15% of the incoming sunlight, to provide heat for space and water. Solar thermal cooling
continued to face challenges during 2016 in the key markets of Europe and China due to falling
solar PV prices, which allow for the cost-effective operation of compression chillers powered by
solar electricity during daylight, and to low fossil fuel prices. Even so, significantly hot summer
periods in southern Europe, have increased the awareness of solar cooling technologies in the
region’s construction industry.
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Fig. 17. Solar water heating collector additions, Top 20 countries for capacity added, 2016 [5]

3.6. Wind power
An important quantity of wind power capacity was added during 2016, increasing the global total
about 12% vs 2015. Gross additions were 14% below the record high in 2015, but they
represented the second largest annual market to date, figure 18

Fig. 18. Wind power plants [5]

By the end of 2016, over 90 countries had seen commercial wind power activity, figure 19.

Fig. 19. Wind power capacity and additions, Top 10 countries, 2016 [5]
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The wind power global capacity and annual additions are presented in Figure 20.

Fig. 20. Wind power global capacity and annual additions, 2006-2016 [5]

A significant decline in the Chinese market, following a very strong 2015, was responsible for most
of the market contraction. Even so, China retained its lead for new installations, followed distantly
by the United States and Germany, with India passing Brazil to rank fourth. Others in the top 10 for
additions were France, Turkey, the Netherlands, the United Kingdom and Canada..
For the eighth consecutive year, Asia was the largest regional market, representing about half of
added capacity, with Europe and North America accounting for most of the rest. Wind deployment
was driven by cost- ompetitiveness and by environmental and other factors. Wind has become the
least-cost option for new power generating capacity in an increasing number of markets.
Offshore wind plants, was connected to grids in 2016, As in previous years, Europe was home to
the majority of capacity brought online, 70% of global additions, and total operating offshore,
almost 88%, figure 21. Germany, the Netherlands and the United Kingdom were the only European
countries to add capacity offshore, although several gigawatts of projects were under construction
in European waters at year’s end, driven by rapidly falling costs.

Fig. 21. Wind power offshore global capacity, by region, 2006-2016 [5]
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While most countries have some small-scale turbines in use, the majority of units and capacity
operating at the end of 2015 was in China, the United States and the United Kingdom. Other
leaders included Italy and Germany, with Italy seeing a significant increase in 2016.
Repowering has become a billion-dollar market, particularly in Europe. While most repowering
involves the replacement of old turbines with fewer, larger, taller, and more-efficient and reliable
machines, some operators are switching even relatively new machines for upgraded turbines
(including software improvements). During 2016, at least 721 turbines were decommissioned,
representing a significant increase in numbers and capacity over 2015. Germany dismantled 242
turbines, followed by Denmark, the United States, Finland, Canada, the United Kingdom, the
Netherlands, Sweden and Japan. In the United States, the extension of federal tax credits has
incentivised repowering and retrofitting of existing assets, which enables owners to quality for
another decade of credits.
Wind power is playing a greater role in power supply in a growing number of countries. In 2016,
wind energy covered an estimated 10.4% of EU demand and equal or higher shares in at least 11
EU member states,
Globally, wind power capacity in place by the end of 2016 was enough to meet an estimated 4% of
total electricity consumption.
WIND has become the LEAST-COST option for new power generating capacity in an increasing
number of markets. Small-scale wind turbine costs also are trending downwards, while capacity
factors are rising. To increase the competitiveness of small-scale wind, several leading US
companies begun offering long-term leases to build on of third-party financing for solar PV.
4. Cost trends of the renewable power technology in period of 2010-2016 [5]
Among the most transformative events of the current decade has been the dramatic, and
sustained, improvement in the competitiveness of renewable power generation technologies.
Around the world, renewables have benefited from a cycle of falling costs spurred on by
accelerated deployment, and the competiveness of renewable power generation technologies
continues to improve. Bio-power, hydropower, geothermal and onshore wind power all can be
competitive with fossil fuel-fired power generation where good resources exist.
Of all renewable energy technologies, utility-scale (larger than 1 MW capacity) solar PV has
experienced the most rapid decline in the levelised cost of electricity (LCOE), driven by reductions
in module prices and balance of systems costs.
Onshore wind power has undergone a quiet revolution over the years. During the period 1983 to
2016, and considering the 12 countries that accounted for 87% of deployment, the LCOE dropped
by an average of 15% for each doubling of installed capacity. The weighted average investment
cost of onshore wind declined by more than two-thirds, from USD 4,880 per kW in 1983 to USD
1,457 per kW in 2016, due to increasing economies of scale and to improvements in manufacturing
and technology. Due in large part to technology advances, the global weighted average capacity
factor for onshore wind power rose from 20% in 1983 to 29% in 2016.
The global weighted average of Organization for Economic Co-operation and Development
(LCOE) of onshore wind power fell by 18% between 2010 and 2016 alone, to USD 0.07 per kWh
for wind farms commissioned in 2016. China and India have some of the world’s lowest total
installed costs, resulting in a weighted average LCOE of USD 0.065 per kWh in 2016 (down 7%
from 2010); average LCOEs were higher in OECD countries (USD 0.074 per kWh; down 26% from
2010) and in the world (USD 0.083 per kWh; down 29% from 2010).
The global weighted average LCOE of onshore wind power fell by 18% between 2010 and 2016
alone, to USD 0.07 per kWh for wind farms commissioned in 2016. Onshore wind power has seen
a significant convergence in average LCOEs across regions, despite differences in regional cost
structures, market sizes and technical skills, and varying dynamics in supply chains. China and
India have some of the world’s lowest total installed costs, resulting in a weighted average LCOE
of USD 0.065 per kWh in 2016 (down 7% from 2010); average LCOEs were higher in OECD
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countries, Organization for Economic Co-operation and Development, (USD 0.074 per kWh; down
26% from 2010) and in the rest of the world (USD 0.083 per kWh; down 29% from 2010).
Offshore wind power costs, in general, are higher than for other renewable power generation
technologies. However, they are falling due to several factors – including technology advances and
economies of scale – and good cost reduction opportunities remain. In OECD countries, where
most offshore wind capacity is deployed, the average LCOE of projects commissioned in 2016 was
estimated at USD 0.15 per kWh.
Concentrating solar thermal power (CSP) costs also remain higher than those for other
renewable power generation options on average, but they have good cost-reduction opportunities,
and costs are falling. It is estimated that the weighted average LCOE of CSP plants fell by 18%
between 2010 and 2016, with an LCOE of USD 0.27 per kWh for plants commissioned in 2016.
LCOEs of the more mature renewable power generation technologies – bio-power, geothermal and
hydropower – have been broadly stable, with some short-term exceptions. For example, the global
weighted average LCOE of geothermal and hydropower rose between 2010 and 2016. The
weighted average total installed cost of hydropower projects reached USD 1,755 per kW (weighted
average LCOE of USD 0.05 per kWh) for plants commissioned in 2016, more than offsetting an
increase since 2010 in the weighted average capacity factor of new plants.
5. Conclusions
- As a synthetic conclusion, it can be said that the use of renewable energy sources is in full swing
and encompasses all existing forms with an explosive evolution;
- The most important renewable energy source is the running water;
- The solar energy has developed greatly, both through photovoltaic collectors and thermal panels;
- Wind power plants also have a very important development;
- The offshore industry moved to deeper waters and continued to grow;
- The interest in storing and storing energy is growing, where many technologies have developed;
- R & D focuses more on renewable sources;
- Some aspects of the economy have also been analyzed, which has shown that the investments
made are still expensive, but the cost of a kWh is constantly decreasing.
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Abstract: The natural water circuit is of vital importance for maintaining life on our planet. The waters flowing
from the mountain heights form important water courses that feed underground aquifers by infiltrations that
occur directly from their riverbed but also the oceans that receive the optimum water flow rates initially
released by evaporation. In addition to other utilities offered by the rivers, the high potential for obtaining
energy from the water flow, which is currently insufficiently exploited, must be shown. A turbine model by
means of which energy can be produced based on the water flow is presented in this paper. It is a simple
model that can be easily mounted directly into the river bed in order to obtain energy in a particular
agricultural rural area that is far away positioned from the centralized electrical network. A complete turbine
model has been developed and analyzed in terms of its operation principle in a CFD analysis.
Keywords: fluid flow, water stream, impeller, energy conversion, CFD

1. Introduction
The uninterrupted water flow in nature has ensured the perpetuation of life and offered multiple
benefits to flora, fauna and human communities over time.
A continuous water movement in nature has determined man's intervention through constructions
designed to capture the moving water energy and transform it into another form of energy, namely
electricity, needed to ensure the industry needs but also the optimal comfort in human communities
as well.
It has to be remembered that man has used the water power since the earliest times when the first
mills located on the course of the fast mountain waters were conceived.
For the power generation, the first power plants were designed at the end of the 19th century,
being designed to supply energy to a small number of consumers, but with the passage of time,
many hydroelectric power units have been placed on the most important courses of flowing water
in the world. Thus the largest hydro-power unit in the world is located in China with a total of 22500
MW installed capacity when working at full capacity.
When energy is needed in a more isolated area adjacent to a flowing stream with a considerable
flow rate, it can be considered a solution to generate energy by means of a special construction
unit with turbine that can be located directly in the riverbed, meant to take over the potential energy
from water flow, converting it into mechanical rotational energy and through a generator into
electricity.
This constructive solution is a mobile version of a power plant that uses water to provide electricity,
which can be used in specific agricultural applications located in rural areas that do not have an
electrical network in the immediate vicinity.
2. Theoretical aspects on water stream flow in nature
The river flow phenomenon in nature can be described using the Navier-Stokes equation system.
These equations characterize the movement of the fluids in general and can be considered as a
continuation of Newton's fluid movement second law, which for Newtonian compressible fluids can
be written: [4]
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⎝ ∂t
⎠
⎝
⎠

ρ⎜

(1)

where:
v - fluid velocity;
p - pressure;
ρ - fluid density;
μ - dynamic viscosity.
The equation balances the inertial forces represented by the left-hand term with the fluid
pressure and viscosity forces in the right-hand term. These equations representing the mass
conservation equations are solved together with the continuity equation constituting the
conservation of the moment: [4]

∂ρ
+ ∇ ⋅ ( ρv) = 0
∂t

(2)

The mathematical modelling of a river's water flow can be achieved using a system of
equations deduced from the Navier-Stokes equation system called the Saint-Venant system: 0

∂At ∂At
⎧ ∂v
⎪ At ∂x + v ∂x + ∂t = Ql
⎪
⎨
⎪ ∂v + v ∂v + g ∂ ( hAt ) + vQl = g (α − α r )
⎪⎩ ∂t
∂x At ∂x
At

(3)

where:

At - river transversal section area;
v - water velocity;
Ql - the affluent per length unit;
t- time;
g- gravitational acceleration;
α - river slope;

α r - hydraulic gradient;

h - the depth between the water section gravity center and the surface.

3. Power unit with turbine assembly model
An overall model of a mobile power unit with turbine has been built. The model is a simplified
constructive solution by means of which the water potential energy it can be converted into
mechanical rotational energy at the turbine shaft on which electric power can be obtained within a
generator. Such simplified solutions can be handy for obtaining energy in areas where there is no
electricity network from farms rural areas.
Figure 1 shows the schematically operation principle for the presented constructive solution of
power unit with turbine for energy conversion.
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Fig. 1. Schematic representation for the turbine assembly model

The assembly operation consists of introducing into the water so that the water flow rate exerts a
force on the propeller blade which causes its rotation movement around the turbine shaft. Due to
the continuous water flow, this force is applied sequentially on each blade providing a permanent
rotation motion to the turbine shaft.
4. Functional analysis for the turbine model
An analysis describing the turbine virtual model operation was performed using the ANSYS CFX
program. Thus, a fluid region having a water working fluid has been defined, inside which the
turbine model is placed, being declared as immersed fluid.
A water flow rate of 3 cubic meters per second was declared at the fluid region inlet. The results
are presented in terms of fluid velocity and pressure of working fluid inside the analyzed region.
A meshing network having 12774 nodes and 61314 triangular shaped elements was achieved for
the analyzed model. Figure 2 shows the analised virtual model and the results obtained.

a) The analysed model

b) Mesh network

c) Fluid velocity values

d) Absolute pressure values

Fig. 2. The analyzed virtual model and the results obtained
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5. The results obtained from the conducted analysis
Table 1: Fluid velocity and absolute pressure values and diagrams
Fluid velocity values [m/s]
0.09
1.33
1.47
1.58
1.89
2.43
2.85
3.32
3.89
4.07
4.24
4.89
5.37
5.6

Absolute pressure [bar]
1.01
1.07
1.09
1.23
1.44
1.57
1.63
1.72
1.81
1.89
1.95
1.98
2.01
2.03

2.5

6

5
Fluid velocity values [m/s]

Abs olute pres sure values [bar]

2

1.5

1

0.5

4

3

2

1

0

0
0

2

4

6

8

10

12

14

16

18

0

2

4

6

8

10

12

14

16

18

Table 1 shows the values obtained from the analyzed model and corresponding diagrams for the
fluid velocity and absolute pressure variation inside the fluid region.
The results obtained show a pressure increase and fluid velocity higher values near the blade
region necessary for the blade rotational movement.
6. Conclusions
This paper presents a turbine model that can be used to convert the water flow potential energy
into mechanical energy as propeller rotational motion and further into electrical energy by means of
a generator.
The model is intended for use on low depth water courses but with a high flow velocity and a
relative constant water flow rate.
From the analysis on the virtual model the obtained results reveals that higher values of fluid
velocity and pressure are recorded in the fluid region near the blade area. This shows the
possibility of achieving rotation movement of the blades around the axis of the turbine.
Such devices can be easily used because they do not require a complex installation solution inside
the river bed, but only a mounting by anchorage.
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Abstract: The European Commission appreciates that the role of biomass used for heat and electricity
production in the EU Member States will increase, so that 20% of the produced energy will come from
renewable sources by 2020. Biomass is considered to be neutral on greenhouse gas emissions because,
while burning biomass generates carbon dioxide as well as burning fossil fuels, at the time of recurrence, it
will re-absorb a quantity of carbon dioxide equivalent to that released during burning. Bioenergy is based on
a wide range of potential raw materials: forestry and agricultural residues, waste and also materials grown for
energy purposes. Raw materials can be converted into heat, electricity or transport fuels. Biomass has the
highest degree of flexibility among all forms of renewable energy.
Keywords: Biomass, pellets, pelletizing equipment, heat power

1. Introduction
The Earth's major challenge in the third millennium in the field of energy is the orientation towards
renewable energy production systems in conditions of sustainable energy development that will
provide the population with the energy they need without altering the planet's major ecosystem.
Renewable energy is one of the alternatives to the replacement of fossil fuels, with great prospects
for future development. According to SRE-SEC (2008) estimates, a 34.9 Mtoe (million tons of oil
equivalent) energy consumption forecast in Romania is projected by 2020 [1]. Biomass covers
more than 60% of total Renewable Energy Sources (RES), namely 190 -200 PJ / year
(Gheorghiescu et al. 2007, quoted by [2]). One of the main strategic directions that Romania has to
implement is to mobilize all efforts to introduce and implement the RES.
Biomass reserves differ across the European Union and globally. The forest area ranges from 27.6
million hectares in Sweden to 117 ha in Cyprus (Panoutsou, 2011). Worldwide, the forest fund
occupies approximately 4 billion ha, with the largest amount being distributed on the territory of the
Russian Federation - 809 million ha, Brazil - 478 million ha, Canada - 310 million ha, the US - 303
million ha, China - 197 million Ha.
Of the 27 countries of the European Union, Romania ranks 8th in terms of its forestry fund, and
globally Romania owns only 0.15% of the total area of forest land in the world. Biomass resources
can also be determined by the degree of usage of the land that each country holds. Thus,
approximately 50.1% of the area of 4 303 401 km2 is used in the European Union, 1 041 423.04
km2 being used for agricultural purposes and 309 844.87 km2 for forestry (Eurostat 2012).
Increasing energy efficiency has a major contribution to achieving security in the field of energy
and sustainable energy development, competitiveness in saving primary energy resources and
reducing greenhouse gas emissions [2].
2. Combustible characteristics and energy potential of the biomass
The combustible characteristics of wood biomass differ from one material to another and of course
they differ from those of fossil fuels. Biomass, in addition to the main advantage of being
renewable, has a number of disadvantages compared to fossil fuels, which must be taken into
consideration: biomass density and calorific value of wood species is lower compared to fossil
fuels; some biomass sources are mostly generated only seasonally, requiring material storage in
optimum conditions to avoid biodegradation; the thermal systems used for the conversion of
347

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
biomass must have high capacities, leading to an acceptable level of energy efficiency;
unmanaged biomass usually has a high moisture content, which is the main factor that results in
low heat output from combustion processes; the thermo-chemical characteristics of the biomass
are inferior to those of fossil fuels because of the high oxygen content, alkaline substances and
chlorides.
In industrial practice, manufacturing waste is produced from all the industrialized wood species:
Horse chestnut (Aesculus hipocastanus L.), Hornbeam (Carpinus betulus L.), Turkey oak (Quercus
cerris L.), Sweet cherry (Prunus avium L.), Beech (Fagus silvatica L.), Ash (Fraxinus excelsior L.),
Birch (Betula pendula Roth.), Sycamore maple (Acer pseudoplatanus L.), Wild pear (Pyrus
pyraster L.), Acacia (Robinia pseudacacia L.), Willow (Salix alba L.), Elderberry (Sambucus nigra
L.), Oak (Quercus rubur L.), whose heat power is shown in Figure 1. [2]

Fig. 1. Heat power of indigenous deciduous species

One of the possibilities of using wood biomass as fuel is in the form of briquettes and pellets. Wood
biomass briquettes and pellets are superior products made from shredded wood, by compression
and without additional additives.
Figure 2 shows the influence of moisture on calorific value of briquettes and pellets of poplar and
beech species [2].

Poplar pellets
a.
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Beech pellets
b.
Fig. 2. Influence of humidity on calorific value of briquettes and pellets made out of poplar (a.) and beech (b.)

The importance of their use compared to massive firewood is due to the fact that the products are
dried to 10% moisture content and keep this constant moisture up to the moment of use due to the
polyethylene packaging they are stored in.
Figure 3 shows the influence of moisture on the energy density and burning rate of pellets and
briquettes made out of poplar and beech species [2].

Poplar pellets
a.

Beech pellets
b.
Fig. 3. Influence of humidity on energy density and burning rate of pellets and briquettes
made out of poplar (a.) and beech (b.)
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Figure 4 shows the influence of humidity on the energy efficiency of pellets and briquettes made
out of spruce and oak tree species [2].

Spruce pellets
a.

Oak briquettes
b.
Fig. 4. Influence of humidity on energy efficiency of pellets and briquettes
made out of spruce (a.) and oak (b.)

3. Increasing calorific value of pellets and briquettes by torrefaction
The calorific density of the pellets and briquettes is better than the wood species actually used as
fuel, in that they are used at 10% humidity and have a high compaction degree.
Thermal treatment is increasingly being used in processes for improving the mechanical or physicchemical characteristics of wood biomass. Changing the structure and properties of biomass is
achieved by changing the chemical composition, providing enrichment of carbon content. Biomass
thermal treatment or torrefaction is a method by which its energy characteristics approach those of
fossil fuels such as coal and pit coal.
Torrefaction is a process similar to pyrolysis, differing by a shorter treatment period which takes
place in the low temperature range (200-300oC), (Chen et al., 2010, quoted by [2]).
The torrefaction treatment is carried out at constant parameters: thermal treatment temperature of
200-300°C and treatment time of 3-10 minutes. The fixed values of the duration and temperature
of the thermal treatment are top limiting, because by overcoming these values, even if the heat
power increases, the cohesion of pellets and briquettes decreases significantly.
The calorific value of wood biomass is directly dependent on the elemental chemical composition
(carbon, hydrogen and oxygen), but also on the main chemical compounds of wood (lignin,
cellulose and hemicellulose).
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By torrefaction, there occur significant mass losses and chromatic changes of process materials,
regardless of the studied species - starting from a yellowish colour (the control sample), continuing
with light brown (at 240°C) and reaching a dark brown to black (at 300°C). The loss of mass
recorded after thermal treatment, Figure 5, is due to the decomposition of the main chemical
compounds of wood, namely cellulose, hemicellulose and lignin [2].
Decompositions begin at a temperature of 150oC, at which point water evaporates from the wood;
in the range of 150-250oC the volatile substances in the material are eliminated; after 250 oC there
takes place decomposition of chemical compounds formed such as CO2 and H2O
(Aghamohammadi et al., 2011; Chen et al., 2012 and 2011, Serrano et al., 2013; Bates et al., 2013
- quoted by [2]).
According to Aghmonammadi's research (2011), one can notice massive mass losses occurring at
temperatures above 405oC, and at 570oC there is no mass loss. Mass losses ranged from 0-4% to
8-15%, the results directly depending on the moisture content of the pellets in the treatment
process.

Oak (Quercus robur L.)
a.

Beech (Fagus sylvatica L.)
b.
Fig. 5. Mass loss of oak (a.) and beech (b.) depending on the heat treatment temperature

In the description of Phanphanich et al. (2011) quoted by [2] biomass shows a loss of 10-20%
through volatile substances and other chemical elements that are eliminated. Following the heat
treatment process, the carbon content is greatly increased compared to the control sample. Mass
losses occur in the initial phase on the temperature range of 150 - 220oC, at the time the material
is heated and until the ignition takes place (Chen et al., 2011a, Chen et al., 2012, quoted by [2]).
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4. Presses for the manufacturing of pellets
The pellets are manufactured by pressing without binders wood waste or secondary agricultural
production (straw, sunflower stems, soybeans and rape, corn cobs and corn husks, grains, beans,
branches resulting from maintenance works in orchards, leaves, seeds and wheat shells from the
food industry).
The pelletised material has to fulfil two essential conditions: the size of chips ranges between 3050 mm and the maximum moisture is 15%. In this regard, a pellet manufacturing line will comprise
equipment for raw material drying, chopping and pelletizing.
Pellet presses, Fig. 6, which will be referred to below, consist of a chassis, drive group (gearmotor
or electric motor, coupling and conical reducer), press body, feed basket.

Fig. 6. Pellet making press

The press, which is the main assembly of the pelletizing equipment, consists of a body in which the
mold and the presser roller shaft are mounted, Fig. 7a, b.
The pelletizing presses are made in two constructive variants: with rotary mold and fixed axle of
the presser rollers, and respectively with fixed mold and rotary axle of the presser rollers.
The fixed mold design [3] offers increased rigidity, allows for more precise and simple tuning; it
allows also the use of larger presser rollers, which increase the machine's working capacity and
reliability.

b
a
Fig. 7. Pelletizing press: a-mold; b-axle with presser rollers

Of the pelletizing equipment available on the Romanian market, the KRONPELLET brand covers a
wide range of powers and working capacities, Table 1.
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Table 1: Technical characteristics of the KRONPELLET pelletizing equipment
Pressure Type

Engine power, kW

Diameter of mold, mm

KPP - 120
KPP - 150
KPP - 200
KPP - 250
KPP - 275
KPP -300

2.5- monophase
4- three phase
10-three phase
15- three phase
18- three phase
30- three phase

120
150
200
250
275
320

Working capacity, kg / h
(wood)
30
50
150
250
3oo
480

The process of manufacturing the pellets involves extruding the material through the holes in the
mold, under the action of the presser rollers (with satellite motion) whose axle is integral with the
vertical shaft of the conical gear transmission, Fig. 8.

Fig. 8. Presser chamber of the pelletizing equipment

At IHP Bucharest an original bearing system for the vertical shaft of the press has been designed
to allow the use of worm gears capable of transmitting high powers and torques compared to
conical gear reducers. The technical solution is the subject of a patent application.
5. Characteristics of pellets, advantages and disadvantages of their use
Diameter: 3-15 mm (the most commonly used are 6 mm diameter pellets)
Length: <60 mm
Bulk weight: ~ 650 kg / m3
Density:> 1200 kg / m3
Moisture: <8%
Ash: <1.5%
Heat power: from 3500 to 4500 kcal / kg.
Advantages of wood pellets:
- They are relatively ecological, derived from wood waste;
- They are clean, modern and cheap energy source;
- They have very high autonomy; depending on the built pellet storehouse and the automation of
the thermal plant, the autonomy of a pellet boiler can be of 1 month or even 2 months;
- A pellet thermal station, being regarded as ecological, can be purchased through the GREEN
HOUSE program;
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- The production of pellets is done by using wood waste and thus a cleanup of the natural
environment of the soil polluting materials takes place;
- They are carbon neutral because they emit as much as the same amount of CO2 (carbon dioxide)
that was absorbed by the tree during its growth;
- Smoke emission resulting from burning of pellets is very low;
- In the flue gases the dust is alkaline;
- They have a low content of metals and sulphur is almost non-existent;
- The ash resulting from the burning of pellets can be later used as a natural fertilizer because it is
rich in minerals;
- The cost of using pellets is lower than in the case of fossil fuels;
- Making a comparison with firewood, it results that pellets are more efficient in terms of
combustion efficiency, calorific value, comfort and safety in use;
- In comparison to a conventional gas heating plant, a pellet heating plant will consume about 2030% less for the same thermal output produced; if a comparison is made with a condensing gas
boiler, which has a better efficiency than a conventional one, a pellet boiler will have about the
same consumption for the same heat output;
- It requires a relatively low storage space, for a tonne of pellets a volume of approximately 1200 1500 liters / 1.2 - 1.5 m3 is required.
Disadvantages of wood pellets:
- The cost of acquiring a high quality thermal plant on pellets or related equipment (bunker, sink,
engine, pumps, safety valves, expansion vessels, etc.) can exceed 2 or 3 times the cost of
purchasing a common wood-powered thermal power station, a gas-fired thermal power station, an
electric thermal power plant on methane gas or LPG;
- High sensitivity to the pellet feed system of the boiler; the auger engine may clog or burn very
quickly, the auger and the burner can be clogged by pellets if there is no periodic cleaning at 2-3
days and if the used pellets are of very poor quality;
- In the case of a pellet thermal plant, a quite large technical space is required for the installation of
the boiler, the related equipment and the pellet bunker / pellet storehouse, the chamber which
should meet the rules and regulations in force;
- Electric power interruption involves the introduction of safety features in the installation (which
leads to an increase in the initial investment), such as a gasoline or diesel automatic generator or a
UPS;
- A pellet boiler requires the installation of a chimney;
- Although the pellet boiler is considered to be ecological, however, burning pellets results in
noxious matter, even if in a small quantity;
- The choice of pellets is usually done on the basis of the lowest price - the cheapest pellets; in this
case there is the risk of buying poor quality pellets that will affect the correct functioning of the
pellet boiler, respectively the equipment related to it.
6. Conclusions
At European level, alternative energy sources (RES) will contribute significantly to providing the
necessary energy; provisions are made that in 2020 they will represent 20% of total energy used.
The high potential for energy production lies with biomass (47%), followed by hydro energy (45%).
The term biomass includes agricultural products, waste and residues resulting from agricultural
technological processes (grain straw, residues from the production of sugar, starch, beer, tobacco,
canned fruit cans, by-products of the vine and wine industry- cords, grape bunches and grape pits,
branches resulting from orchard maintenance works, etc.), wastes from forestry and related
industries as well as the biodegradable fraction of urban vegetal and animal wastes.
Thermal treatment or torrefaction is a method by which the energy characteristics of biomass are
approaching those of fossil fuels, involving changes in the structure and chemical composition,
causing the carbon content to be enriched.
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Biomass briquettes and pellets are superior energy products, made from compacted material
without compression and without additional additives. The process of manufacturing them involves
the existence of complex technological lines, which include equipment for drying, grinding,
briquetting / pelletizing and storage of raw material.
Within IHP Bucharest there are concerns about finding innovative, patentable technical solutions in
the development of biomass briquetting and pelletizing equipment.
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Abstract: The paper presents a study that was carried out on the velocity of the wastewater flow through the
pumping well in the wastewater treatment plant in the primary stage where the pollutants removal processes
such as large particles and solid particles in suspension or sedimentation are carried out. The study of flow
rates in the pumping well has been done to obtain results in carrying out works to reconfigure the pumping
well invert or to mount a water agitator. There are presented the obtained results, using the Fluent-ANSYSPC software, at the pumping well, the velocity distribution in a plane parallel to the bottom of the basin at a
distance of 10 mm from it. In conclusions, the paper presents the importance of mechanical purging,
regarding the results discussed in the paper.
Keywords: Waste water, CFD, flow characteristics.

1. Introduction
Waste water treatment is the set of physical, chemical, biological and bacteriological processes,
which reduces the loading of organic and inorganic pollutants and bacteria, in order to protect the
environment (air, soil, emissary, etc.). It results obtaining clean water, in different degrees of
purification, depending on the technologies and the equipment used, as well as a mixture of bodies
and substances which are called, generically, sludges. [1]
The paper presents a study that was carried out on the velocity of the wastewater flow through the
pumping well in the wastewater treatment plant in the primary stage where the pollutants removal
processes such as large particles and solid particles in suspension or sedimentation are carried
out. The concern of conducting this waste water flow study through the pumping well at the
treatment plant is to eliminate the deposition of solid particles on the well. The study of flow rates in
the pumping well has been done to obtain results in carrying out works to reconfigure the pumping
well invert or to mount a water agitator.
Due to the fact that a water treatment system operates continuously, it involves the analysis of its
reliability at the conception stage, like pre-condition and to ensure water purification according to
the water quality standards. The studies focused mainly on structural investigations of the
wastewater treatment plant and the pumping well, where the experimental researches were carried
out in order to establish possible effects of the action. [1], [2], [3]
2. Problem identification and approach
The Târgu Lăpuş Treatment Plant is located in Târgu Lăpuş, Maramureş County, 300 m from
Târgu Lăpuş-Gâlgău Road, in the river basin Târgu Lăpuş River which is the emissary. It was
commissioned in 1975 and was designed for a maximum purge rate of 9 [L/s] with a 82% yield for
CBO5 and 74% for suspensions. The new Wastewater Treatment Plant is designed at a rate of 19
[L/s].
The technological flow includes: [1]
1. Mechanical treatment;
2.The biological treatment process;
3.Treatment of sludge.
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In the mechanical treatment stage wastewater are removed the large bodies, the impurities that
are deposited and the floating ones. Thin and fine suspensions are retained at this stage. For their
retention are used the rare grills, screens, grease separator, sand decanter and decanters. [1]

Fig. 1. Scheme of WWTP Targu Lapus

In a sewage treatment plant, water transport and constant flow and homogeneous flow are among
the most important steps. Domestic water comes out of the screens basin and enters the pumping
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well through two 400 mm diameter pipes and is discharged by means of two sumerable pumps
connected to 3" diameter metal pipes in the desiccator and the grease separator.
The submersible pumps carry water and sludge between the technological stages of the treatment
plant as well as to and from the treatment plant.
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Fig. 2. The well for pumping station

Fig. 3. Axonometry pumping station

Fig. 4. The well for pumping station - CAD model

Fig. 5. Section shaft pumping station purification
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3. Results
The obtained results using the Fluent @ ANSYS-PC application at the pumping well the velocity
distribution in a plane parallel to the bottom of the basin at a distance of 10 mm from it. The
mathematical model is based on solving a set of differential conservation equations, supplemented
with numerous additional equations, often semicircular models, to handle the turbulence.

Fig. 6. Pressure-based pumping well

From the above picture we can see that in the pump suction area, the colour is blue and greenishyellow, making it a scale-grading, the maximum fluid velocity of 0.128 m/s.

a)

b)
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c)

d)

e)
Fig. 7. Pressure distribution in a plane parallel to the bottom of the basin at a distance of 10mm

The K-epsilon (k-e) turbulence model used in this study is the most widely used model used in
Dynamics Fluid Computational (CFD) to simulate average flow characteristics for turbulent flow
conditions. It is a two-equation model that provides a general description of the turbulence through
two transport equations (PDEs). The initial impetus for the K-epsilon model was to improve the
mixing length model, as well as to find an alternative to algebraic turbulence balances in moderateto-high complexity flow. The first variable determines the energy transported in turbulence and is
called turbulent kinetic energy (k). The second variable carried is the turbulent dissipation (ε) which
determines the rate of dissipation of the turbulent kinetic energy. In fluid mechanics, turbulence or
turbulent flow is a flow regime characterized by stochastic fluctuations in properties. These relate
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to the diffusion and transport (convection) time, rapid variations of pressure and speed in space
and time. [3], [4]
The theoretical studies must be verified by experimental measurements, as in [5] and [6] thus
developing useful models for design process.
4. Conclusions
The Târgu Lăpuş Purification Station fails to fully realize the purpose for which it was built, namely
the removal of polluting substances from the wastewater and the discharge of relatively clean
waters into the emissary, according to the legislation and the agreement with the Apele Romane.
This is due to the following: repetitive failures of various machines that make the process
technologically difficult, reduction of deburring due to deposits, loss of station efficiency. It is
important that the WWTP discharge the water into the river Târgu Lăpuş a high quality effluent.
The importance of mechanical purging results from the following aspects, discussed in this paper:
• Thick and fine suspensions are retained in the mechanical treatment stage;
• The importance of screens in removing large floating bodies is felt by the entire purification
process;
• Fat removal is very important for the mechanical purification of industrial waters and especially for
mechano-biological or mechano-chemical treatment to prevent imbalances caused by increased
fat content;
• Mechanical cleaning is an effective way of combating pollution by retaining coarse particles and
suspended particles from wastewater.
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CARBON FOOTPRINT DETERMINATION WHEN USING RESIDUAL
AGRICULTURAL BIOMASS FOR ENERGY PRODUCTION
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Abstract: At present, the focus is on distributed energy generation with low or negative carbon emissions as
well as high conversion yields. The renewable energy resource that can be used and produced when and
wherever necessary is residual agricultural biomass with a potential of 31 million tons, which can produce
over 40% of the national energy demand. Residual agricultural biomass is produced with an average energy
efficiency of 6 kWh.bm/kWh.input. The CHAB concept produces high yield thermal energy as well as biochar
with an average carbon footprint of 140 kg / ton. biomass. If the energy produced is used to produce
agricultural output, the negative carbon footprint increases by reducing the consumption of fossil fuels. It
increases energy independence, the safety of agricultural production, the number of jobs, and regional
economic development.
Keywords: Waste biomass, energy, biochar, CHAB, carbon footprint

1. Introduction
Agriculture has been and remains the main source of raw materials for food and industrialization.
The concept of sustainable development and evidence of climate change tends to tackle the issue
of adapting efficient and sustainable agricultural production technologies to humanity in order to
provide food for an ever-growing population fed by a declining global agricultural area.
Sustainable development of agriculture also involves increasing the energy independence of
agricultural farms by reducing fossil fuel consumption, increasing and maintaining productive soil
capacity, and reduced use of mineral fertilizers in favor of compost, which is linked to current
ecological requirements leads to the need to increase the level of use of residual biomass resulting
from agricultural crops. [1,2]
At present, direct biomass burning, chopped, briquetted or pelletized is the majority procedure. As
an alternative to current methods of thermal energy production from biomass, it is proposed the
CHAB concept (Combined Heat And Biochar production) which also includes the biochar (BC)
generation. BC is a sterile organic material obtained from biomass pyrolysis in an oxygen-free
environment or with a controlled gasification, with a neutral or alkaline pH. It has a carbon content
of 75-90% and is characterized by high porosity and adsorption capacity. [2, 3, 4]
BC is used to improve the long-term fertility of agricultural soils, and secondarily as a filtering agent
for air, gas and water. Built in soil, it is the most economical and ecological way of sequestering at
least 25% of carbon, for extended periods between 100 and 1000 years [18]; it also has many
other applications in the most diverse fields of human activity. [3, 5, 6]
In order to evaluate how the waste biomass can be efficiently exploited, an energy balance and
carbon mass analysis will be carried out, from which the carbon footprint can be calculated to
determine the useful energy produced, and to create a base analysis and optimization of variants
and energy conversion regimes.
In nature, spontaneous vegetation uses solar energy, carbon dioxide (CO2) and soil fertility to
produce a vegetal mass containing carbon Cb, which, through the natural carbon circuit, returns to
the atmosphere.
Vegetable crop production has as its main product a biomass destined for human and zootechnical
consumption, which we call food biomass, as well as a by-product called waste biomass. (figure 1).
Solar energy, carbon dioxide (CO2) in the atmosphere, soil fertility, as well as Econs energy
consumed to carry out agricultural works contribute to the achievement of vegetal agricultural

363

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
production. This produces an energy accumulation in agricultural products - Ebal in the main
product and Ebr in the wast biomass. [7]

Fig. 1. Agricultural crop production general model

The efficiency of agricultural production is determined by the ratio of energy at exit Eb and that of
input Econs. Therefore energy efficiency is calculated with the relation (1)

EFEN 

Eb
Ebal  Ebr

Econs
Econs

(1)

Table 1 presents the energies produced and consumed for the main agricultural crops as well as
the total energy efficiency EFEN, the main EFENp and the secondary EFENs. [7]
It is noted that most of the agricultural production has an EFEN > 1 overall efficiency and many
crops also have an EFENs secondary efficiency of more than 3, which confirms the conclusion that
the agricultural crop production is also producing renewable energy with low costs and with a
reduced carbon footprint (CFPf). [7]
Biomass produced has an Etotal energy for which Econs was consumed from fossil fuels. It is
assumed that the fuel used is diesel fuel having a CFPf = 0.0815 kg / kWh footprint for base
energy. The overall diesel fuel efficiency is estimated at η f = 0.864, which results in a positive
footprint in the CFPatm atmosphere (kg.C / kWh) for residual biomass:

CFPatm 

1 CFPf
 0.0944
EFEN  f

(2)

Since for the production of Econs fossil fuels are consumed in the atmosphere, a quantity of Cf0 =
Econs∙CFPf is released.
Table 1 presents the energy efficiency values for the main crops in Romania. It is noticed that the
majority of agricultural crops produce residual biomass with an EFENs >> 0, so they are
economically and ecologically productive renewable energy resources, mainly the corn and wheat
crops that offer biomass for pelleting. These aspects regarding the fruit cuttings and of the vines
were presented in the works [2, 8]. Further analysis will be developed for corn crop, which has the
highest energy efficiency, for pellets produced from corn stalks.
For the energy and carbon balance, Table 2 shows the carbon footprints and the utilization yields
for the main fuels entering the energy production processes of the waste biomass: diesel fuel, corn
stalk biomass, corn stalk pellets, biochar and syngas [3, 4, 9, 10, 11]
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Table 1: Energetic efficiency of agricultural crops
Energy
consumed

Energy produced

Energetic efficiency

Crops
Etotal

Ebal

Ebr

Econs

kWh/ha

kWh/ha

kWh/ha

kWh/ha

91029

41054

49975

16773

Corn
Winter wheat

41017

EFEN

EFENp

EFENs

5163

17.63

7.95

9.68

24244

5764

7.12

2.91

4.21

Beans

21227

10585

10642

3254

6.52

3.25

3.27

Sunflowers

19807

4970

14837

4982

3.98

1.00

2.98

Soy

29517

18550

10967

4643

6.36

3.99

2.36

Plum

23981

12775

11206

12833

1.87

1.00

0.87

Vineyard

17547

8381

9167

16028

1.09

0.52

0.57

Apple

22372

14467

7906

17383

1.29

0.83

0.45

Table 2: Fuels carbon foot print
Feature

Symbol

UM

Value

Diesel fuel foot print

CFPdf

kg.C/kWh

0.0815

Corn stalk foot print

CFPbr

kg.C/kWh

0.0873

corn stalk

Corn stalk pellets foot print

CFPcp

kg.C/kWh

0.0873

corn stalk pellets

Carbon foot print for peleting

CFPcpr

kg.C/kWh

0.0082

kg.C/kWh

0.1059

Syngas foot print [CFPsg]
Kconv.f

adim

0.864

Kconv.bm

adim

0.786

Conversion yeld for syngas burning

Kconv.g

adim

0.746

Global BM footprint

CFPbmu

kg.C/kWhu

0.112

Global diesel footprint

CFPfu

kg.C/kWhu

0.095

Global syngas footprint

CFPgu

kg.C/kWhu

0.142

Conversion yeld for diesel burning
Conversion yeld for BM burning

Notes

from gasifier

From the calculation of the carbon footprint produced using the primary energy of the residual corn
mass, taking into account the part of the carbon footprint due to the energy input at the system
entry, it results that for 1 MWh of the residual corn stalk consumed 56.7 kWh at input with a carbon
footprint of max. 4.623 kg.C \ MWh.
2. Energy conversion system with burning process
To perform the analysis, a model (figure 2) of a corn stalk pellet energy production system was
designed using burning processes. The conversion of the energy biomass into useful energy is
achieved with a BIOMASS ENERGY SYSTEMS block, which enters an Ecs.inp energy consisting
of Ebre as a Kbe part of the pellet biomass that has been pelletized and a carbon content Cbre.
To perform the conversion process, an Ecs.act power is also introduced with a CFPcons footprint.
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Fig. 2. Model of biomass energy system with burning process

The output energy Ecs.out consists of the energy emitted in Ecs.ev environment and a useful
energy that can be divided: one Ecs.c part can be consumed directly for the production of the
vegetal agricultural production and another Ecs.u that feeds the energy consumers external to the
analyzed system. Part of the input energy, which represents the losses of Ecs.ev, is evacuated in
the case of Cbre. Also comes the ASH ash without energy and carbon, which is incorporated into
the soil.
The energy balance is:

Ebes  Ecs.inp  Ecs.out  0

(3)

Input energy is:

Ecs.inp  Ebre  Ecs.act

(4)

Energy for system consumption is :

Ecs.act  Ecs. pr  Ecs.ard  Ecs.he  Kact  ( Kbe  Ebre)

(5)

Where in the analyzed case, Kact ≈ 0.17, resulting for Ecs.inp the relation:

Ecs.inp  Kbe  Ebr  Kact ( Kbe  Ebr )  (1  Kact )( Kbe  Ebr )

(6)
The output energies are: Ecs.ev - exhaust gas energy from the heat exchanger; Ecs.u - energy
usable in external applications to the system; Ecs.c - energy consumed for the system by
ENERGY CONSUMPTION. The energy relationship at the output is:

Ecs.out  Ecs.ev  ( Esc.u  Ecs.c)  (1  cs ) Ecs.out  ( Esc.u  Ecs.c)
where

cs   pr ard he  (1/1.1)  0.96  0.9  0.7855  0.78

(7)
(8)

The energy Ecs.c consumed in the system is determined by the take-off Kbc in the useful energy
at the exit:
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Ecs.c  Kbc( Ecs.out  Ecs.ev)  Kbc  sc  Ecs.inp  Kbc  sc  (1  Kact ) Ebre  Kbc  Kconv  ( Kbe  Ebr )

(9)

Kconv    (1  Kact )

sc
where
(10)
The carbon balance shows that since the carbon footprint for Ecs.c + Ecs.u is incorporated into
the exhaust outlet, it follows that:

Cbes  Cbre  Csc.ev  0

(11)
It is noticed that Cbre re-enters the atmosphere through the combustion gases exhausted at the
exchanger outlet. It follows that the carbon footprint for Ecs.u and Ecs.c is zero
Another important block is the ENERGY CONSUMPTION subsystem. In block is the Ecf energy
produced from fossil fuels with Cf carbon content and Ecs.c energy from the energy produced by
the system with a zero footprint. The exit is Econs = cnt. used directly for agricultural crop
production and Ecs.act for the energy conversion system. The energy balance is:

Eec  ( Ecf  Ecs.c)  ( Econs  Ecs.act )  0

(12)

Ecf energy from fossil fuels produces a positive carbon footprint.

Ecf  ( Econs  Ecs.act )  Ecs.c where Econs 

Etotal
Ebr

EFEN EFENs

(13)

The carbon balance is:

Cec  Cf  Ccons  Ecf  CFPf  Ccons  0 and Ccons  Cf

(14)

For ATMOSPHERE carbon balance is:

Catm  (Ccons  Cb)  Cb  Ccons

(15)

Carbon footprint in atmosphere is:

CFPatm 

Ccons
Cf
CFPf

 Ecf
Econs  Ecs.c Ebr / EFENs  Ecs.c
Ebr / EFENs  Ecs.c

(16)

If we want to get a zero fingerprint, CFPatm = 0, then Ecf = 0 and require an Ecs.c energy in the
system with the value:

Ecs.c  Econs  Ecs.act  Ebr / EFENs  Kact  ( Kbe  Ebr )  Ebr 1/ EFENs  Kact  Kbe

(17)
If an Ecs.u useful power is required for applications, it is necessary to determine which Kbe quota
of residual biomass to be harvested should be used.

Ecs.u  (1  Kbc)  Kconv  ( Kbe  Ebr )
Ecs.c  (1 

from where Kbc  1 

Esc.u
Kconv  ( Kbe  Ebr )

Esc.u
)  Kconv  ( Kbe  Ebr )  Kconv  ( Kbe  Ebr )  Esc.u
Kconv  ( Kbe  Ebr )

(18)

(19)

And using the relation (9) results:

Ecs.c  Kconv  ( Kbe  Ebr )  Esc.u  Ebr 1/ EFENs  Kact  Kbe

(20)

It is shared with Ebr and it follows:

Kconv  Kbe  Esc.u / Ebr  1/ EFENs  Kact  Kbe
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In order to ensure the Ecs.u value required for the Kbe harvested waste biomass, it must be
greater than:

Kbe 

1
1 
Esc.u

 Kbu 
 where Kbu 
Kconv  Kact 
EFENs 
Ebr

(22)

Table 3 shows the values of the Kbe coefficient according to the Kbu share of the energy demand.
Table 3: Use of residual biomass for zero carbon footprint
Kbu

0.100

0.200

0.300

0.400

0.512

Kbe ≥

0.330

0.493

0.655

0.818

1.000

3. Energy conversion system with CHAB concept
As previously described, the application of the CHAB concept leads to the production of energy
and biochar. Figure 3 presents a model for a system that produces bio-fuel and energy from
pyrolysis or gasification processes from residual biomass. [2, 4, 9, 10, 12]
Tables 4 and 5 show the energies and carbon content of the input and output products.
Table 4: Corn stalks pellets for pyrolysis
Feature

UM

Relative masse
Carbon
Oxygen
Hydrogen
Ash
Humidity
L.H.V
Carbon content
Energy content
CO2 footprint
Carbon footprint

real
real
real
real
real
real
MJ/kg
%
%
kg.CO2/kWh
kg.C/kWh

Corn
stalks
pellets
1.00
0.4053
0.3905
0.0540
0.0502
0.10
14.98
100
100
0.357
0.097

Biochar

Pyrolysis
gas

0.237
0.7267
0. 489
0.0126
0.2118
0.00
25.60
42.0
40.50
0.375
0.102

0.763
30.55
49.66
6.69
0
13.11
11.68
58.0
59.50
0.345
0.094

Table 5: Corn stalks pellets for gasification
Feature
Relative masse
Carbon
Oxygen
Hydrogen
Ash
Humidity
L.H.V
Carbon content
Energy content
CO2 footprint
Carbon footprint

UM
real
real
real
real
real
real
MJ/kg
%
%
kg.CO2/kWh
kg.C/kWh

Corn
stalks
pellets
1.00
0.4053
0.3905
0.054
0.0502
0.100
14.98
100
100
0.357
0.097

Biochar

Gasified
Biomass

0.157
0.6316
0.032
0.0167
0.3197
0,00
20.20
21.17
24
0.413
0.113

0.843
0.3632
0.4573
0.0609
0
0.1186
14.01
78.83
76
0.342
0.093

The model shown in figure 3 has a biochar output with Cbch carbon content and contains an Ebch
energy.
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Fig. 3. Model of biomass energy system with CHAB concept

For BIOMASS ENERGY CHAB SYSTEM energy balance is:

Ebes  Ecs.inp  Ecs.out  0

(23)

Input energy is:

Ecs.inp  Ebre  Ecs.act

Ecs.inp  Kbe  Ebr  Kact ( Kbe  Ebr )  (1  Kact )( Kbe  Ebr )

(24)
(25)

The relationship for the output energy is:

Ecs.out  Ecs.ev  ( Esc.u  Ecs.c)  Ebch  (1  cs )( Ecs.out  Ebch )  ( Esc.u  Ecs.c)  Ebch

(26)
Because at the carbon balance the carbon footprint for Ecs.c + Ecs.u is included in the exhaust
outlet it results that:

Cbes  Cbre  (Csc.ev  Cbch)  Cbre  (Csc.ev  Kbch  Cbre)  0

Csc.ev  Cbre(1  Kbch)

(27)
(28)

In this case for ATMOSPHERE carbon balance is:

Catm  (Ccons  Cb  Cbch)  Cb  Ccons  Cbch

(29)

Carbon footprint in atmosphere is:

CFPatm 

Ccons  Cbch Cf  Kbch  Cbre Ecf  CFPf  Kbch  ( Kbe  Ebr )  CFPbm


Ecf  Ecs.c
Ecf  Ecs.c
Ecf  Ecs.c
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Two situations are analyzed: CFPatm = 0 or, for Ecf = 0, is obtained CFPatm <0.
For condition CFPatm = 0:

Ecf  CFPf  Kbch  ( Kbe  Ebr )  CFPbm  0

(31)

If Ecs.c = 0 of the balance results Econs = Ecf.

( Ebr / EFENs )  CFPf  Kbe  ( Kbch  CFPbm)  Ebr  0

(32)

To meet this condition, you must:

Kbe 

CFPf
1

CFPbm Kbch  EFENs

(33)

For gasification results Kbeg ≥ 0.44, and for pyrolysis Kbep ≥ 0.23. When using gasification, more
energy is available for external applications.
If the system energy Ecs.c ≈ Ebr / EFENs covers the energy requirement it results that Ecf = 0
and the carbon footprint is negative:

CFPatm  

Kbch  ( Kbe  Ebr )  CFPbm
  Kbch  Kbe  CFPbm  EFENs
( Ebr / EFENs )

(34)

For Kbe = 0.67 with gasification CFPatmg = - 0.124, and with pyrolysis CFPatmp = - 0.814.
Pyrolysis has to be noted the high negative value of the footprint, but there are a very little energy
for the outside.
4. Conclusions
1. Original models for energy conversion systems of agricultural waste biomass were developed by
burning, pyrolysis and gasification processes, for the determination of energy and carbon balance,
as well as of the carbon footprint in the atmosphere. A power conection of vegetable production
with energy generated by the system has been introduced to reduce positive carbon footprint.
2. The models were used to determine the regimes where the carbon footprint can be reduced to
zero in the combustion process for different levels of useful energy needed for other applications.
3. The simulation was performed for residual biomass from corn with the highest total energy
efficiency EFEN = 17.63 and the energy-producing biomass for EFENs = 9.68. An energy use
factor Kbe  (0, 1) was used.
4. In the system with burning process if 50% of the harvested residual biomass is used, for a zero
footprint, is obtained useful energy for other thermal applications of about 80% of the biomass
used.
5. In system with gasification process for zero carbon footprint is necesary Kbeg ≥ 0.44, and for a
Kbeg = 0.67 is a negative footprint CFPatmg = - 0.124 kg.C / kWh, relatively small, less biochor is
obtained but available more power for other applications.
6. In system with pyrolysis process for zero carbon footprint is necesary Kbep ≥ 0.44, and for a
Kbep = 0.67 is a negative footprint CFPatmp = - 0.814 kg.C / kWh, is a remarkable value due to the
production of more biochar with a higher content of carbon.
7. Developed models are a useful tool for the design of energy conversion systems for biomass in
general and especially for agricultural waste biomass. It is a very useful tool in the development of
automated control systems, both as structure and optimal control algorithms.
8. Economic aspects will also be attached to become the most complete tool for developing
biomass energy conversion systems.
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Abstract: Modern fruit growing pursues total control of plants development, ease of maintenance and
harvesting works, automation of all field interventions. The technologies applied to intensive and superintensive horticultural crops aim to ensure by watering water all that is necessary for the development of the
plants, even by insulating the active area of the roots so that the plant depends only on the nutrients that are
given by the watering water. We aim to control the growth of plants, sizing production, obtaining high quality
products, maintaining and harvesting crops easily.
Keywords: Fertigation, injection device, fruit plantations

1. Introduction
For fertilization application with irrigation water (fertigation), recommended dosages are applied
weekly, or at most two weeks, correlated with foliar diagnosis and fruit production [1].
In the technique of water application by fertigation with drip irrigation systems, before applying
fertilizer doses, first apply water for about 5 minutes, to flush the installation, then apply the water
with dissolved fertilizers; after fertilizing, continue irrigation for another 5-10 minutes to entrain and
infiltrate into the soil the last amount of nutrient solution, that could remain on the pipes and on the
surface of the soil. [2]
The development of the fertigation equipment field with volumetric injection devices of double
pump with membranes started with the implementation of the PD-1 dosing pump [3,4] at ICITID
Baneasa Giurgiu whose scheme is presented in figure 1.

Fig. 1. Fertigation equipment with double volumetric pump type injection device
with PD-1 membranes

The injection device, the main component of the fertigation equipment, consists of two membranes
(B), directional control valve (A), and the exterior mechanism with swinging spring (C).[5]
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Membranes separate four chambers with variable volumes. The active surfaces of the membranes
in the outer chambers are larger than the active surfaces of the membranes in the inner
compartments which determine appearance of the overpressure necessary for the primary solution
injection in the same pipe from which is taken the water used as motion fluid. The directional
control valve (A), depending on the position of the slide valve, establishes the water circuits in the
two outer chambers. The displacement direction of the slide valve is determined by the position of
the arm 31 of the outer mechanism component with swinging spring 29. The mechanism is located
between the slide valve of the directional control valve and the movable assembly of the pump
(moving the membranes).
Outside the injection device, the equipment consists of a fertilizer tank for preparing the primary
solution, a four- check valves battery on the injection circuit, filters, and valves. In operation, the
inner chambers vary in volume by making the fertilizer to be absorbed from the tank and
discharged into the pipe through check valve battery.
The main inconveniences found in the operation of the equipment consist in the timing of the tilting
mechanism, which changes the timing of the slide valve switching of the directional control valve,
the degree of filling of the drive and injection chambers, the external positioning of the valves
assembly for suction / discharge of the primary solution and of the elements which constitute the
hydraulic circuits.
2. Presentation of the primary solutions injection device
Injection device realized through the execution of the contract 158/2014: Innovative technologies
and equipment for the implementation in the irrigated agriculture of the modern fertigation concept
(FERTIRIG), is a double pump with directional controlled valve hydraulically commanded.[6]
Injection device, [7,8] figure 2 was designed and realized in a compact way, in the body
incorporating the piston-membranes mobile assembly, the hydraulic directional control valve, the
driving of the directional control valve, the throttles of the drive chambers of the directional control
valve, the suction / discharge valves block of the primary solution. The connection between the
functional elements is achieved through the holes practiced in the device body and the movable
assembly plunger, eliminating the external connections, except those related to the drive chambers
of the directional control valve.
The schematic diagram of the fertilization equipment is shown in fig. 3.

Fig. 2. Double pump type injection device with membranes

The mobile assembly, fig. 3-sect D-D, consists of piston, membranes, outer and inner flanges,
special screws for fixing the membranes on the piston.
Primary solution suction / discharge valves assembly; each injection chamber is connected to an
intake and discharge valve. The suction / discharge valves of the two injection chambers are
interconnected and connected to the nozzles of the primary and discharge solutions.
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In the construction of a 4-way, 2-position directional control valve, was chosen the alternative with
slide valve, with O-rings seals, to allow the components to be executed in H8 / f7 tolerance fields,
thus avoiding the extremely precise execution imposed at hydraulic directional control valves with
classic slide valve, where the movements between the slide valve and the body are of the micron
order. The versatile version of the directional control valve allows operation with irrigation water
with a low filtration level.
The seals have been designed and made with as low as possible tightening, so that the friction
forces of the movable elements are as small as possible.
The slide valve has a positive coating, the switching is done without loss of pressure.

Fig. 3. The basic scheme of fertigation equipment

The control valves of the hydraulic directional control valve, fig.3 sect. E-E are cone-releasing
valves, located in the water tank discharge holes in the drive chambers operated in the pump body,
to ensure firm closure and opening and to reduce switching time for the directional control valve.
The drive chambers are delimited by the outer surfaces of the membranes and the lids, and the
injection chambers by the inner surfaces of the membranes and the body.
The operating principle
Depending on the position occupied by the slide valve of the directional control valve, fig. 4, the
orifice P is connected to the orifices A or B, from which, by internal holes in the body and the
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piston, the pressurized water supply of the drive chambers is provided. Outside, holes A and B are
plugged.

Fig. 4. Slide valve positions of the directional control valve

The T-holes alternately evacuate the liquid from the drive chambers (A to T or B to T) during the
withdrawal phase of the membranes assembly (decrease the volume of the drive chambers).
Also from the P port, the Ccs-Ccd drive chambers of the hydraulic directional control valve are
continuously supplied with pressurized water. The mobile assembly alternately operates through
the internal flanges the pilot controlled valves, which shortly before reaching the end of the stroke,
connect one of the drive chambers to the atmosphere, causing the switching of the slide valve of
the directional control valve from the pressure drive chamber to the pressure discharge chamber.
The hydraulic switching of the slide valve is made by means of two identical hydraulic circuits,
consisting of mechanically pilot controlled throttles and check valves, controlled on the end stroke
of the mobile assembly, fig. 5. The slide valve of the directional control valve may take different
positions in the directional control valve, depending on the fluid pressure on the ends (Pcs / Pcd left / right control pressure). If the two valves are closed, the pressure on the ends is equal to the
supply pressure (Pcs = Pcd) and the slide valve remains locked in the middle position. If one of the
valves is unlocked, the liquid behind the throttle is removed to the outside, the Pcs or Pcd pressure
falls only on the throttle, different pressures are applied to the ends of the slide valve and then the
slide valve moves, being pushed in the direction of the lower pressure, switching the directional
control valve.

Fig. 5. Pressure circuit in control chambers of the directional control valve

When the mobile assembly reaches the end of the stroke, the inner flange, integral with the piston
touches the end of the check valve, releases it and the pressure switches the slide valve, which
changes the hydraulic connections with the membranes pump chambers, thus changing the
direction of movement of the membrane shaft. After the assembly has reversed, the valve closes
and locks the slide valve of the directional control valve in position. At the other end of the stroke is
actuated the other valve that also changes the slide valve position, commanding the displacement
in the opposite direction. The operation is repeated.
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The throttles, which regulate the water flow that arrives into the drive chambers, keep the slide
valve of the directional control valve in an equilibrium position and dictate the frequency of the
mobile pump assembly.
The pressurized water supply of the left drive chamber causes the mobile assembly moving to the
right, with the following effects:
- discharging of the moving fluid from the right drive chamber;
- aspiration of the primary solution in the right injection chamber;
- injection of the primary solution from the left injection chamber.
The volume reducing of the left injection chamber (implicitly increasing the pressure), causes the
inlet valve ball to be seated and lifting the discharge valve ball out of the seat. Increasing the right
injection chamber volume (implicitly producing a depression) causes the inlet valve ball to be lifted
from the seat and seating the discharge valve ball. Injection chambers are alternately connected to
the common suction connections (from the primary solution reservoir), respectively the discharge
(in the supply pipe of the irrigation system), fig. 3.
3. The stand for testing
The experiments of the fertigation equipment under stand conditions were performed in the
Environmental Protection Laboratory of IHP Bucharest.
3.1 The component of the testing stand
The test stand,[7] fig. 6, provides the hydraulic parameters (flow, pressure) necessary for the
functioning of the fertigation equipment, simulating the irrigation system with which it works in the
aggregate, being made up of the following components:
- pumping group with water recirculation used as working fluid;
- the water tank with the dimensions of 1130x900x785 and the useful volume of 0.6 m3;
-the system for adjusting and monitoring the working parameters.
The WILO ECONOMY CO-2 MHI 206 / ER-RBI-CALOR pumping group, equipped with two highpressure horizontal, without priming centrifugal pumps connected in parallel, provides a maximum
flow of 10 m³ / h and a height of maximum pumping capacity of 67 mCa. Pumping group is
equipped with 2 "suction and discharge connections.
The pumping group consists of the following elements:
• Base frame: galvanized and fitted with vibration dampers with adjustable height for optimum
sound insulation
• Piping system: suction and discharge connections of 2 ", all stainless steel pipes 1,4571, suitable
for connection to all pipes in the installation technique, pipes are dimensioned according to the
total hydraulic power of the pumping group
• Two parallel pumps of the MHI 2 series; all components of these pumps that come in contact with
the liquid are 1,4301 stainless steel
• Reinforced fittings: each suction and discharge pump with CuZn closure fitting, Ni coated, DVGW
marking and discharge retaining clack valve
• Pressure bottle with butyl rubber membrane, recognized as safe from the point of view of food
law; designed for inspection and overhaul with CuZn ball valve, Ni-coated, with drainage and
passage fitting according to DIN 4807
• Pressure sensor: 4 to 20 mA, located on the output pressure side for control of the central
Economy controller
• Pressure display: through the pressure gauge on the outlet pressure side
• Control unit: The equipment is equipped with the Economy ER series regulator
• Components in contact with pumped fluid, corrosion-resistant
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Fig. 6. Testing stand of fertigation equipment

The pumped fluids admitted are cooling water, drinking water and technological water. The
admitted fluid is generally water without aggressive chemical or mechanical elements and without
abrasive or long fiber components.
The water intake in the pumping group is made by an elastic connection element with an end type
holender; discharge is done in the same tank, thus ensuring water recirculation.
Fertigation equipment is mounted in a bypass system, on a hydraulic circuit parallel to the group
discharge pipe, similar from dimensional point of view and the hydraulic parameters point of view
of the liquid transited with the main pipe in the drip or micro-sprinkler irrigation installations.
The connecting pipe of the injector device, fig. 7, includes connecting elements (nipples, sockets,
reducing pieces, elbows) and elements that ensure the functionality, adjustment and monitoring of
the working parameters (taps, Y path filter, check valve, pressure gauges, pressure reducer with
pressure gauge, flow meter).

Fig. 7. The connecting pipe of the injector device

The injection device is provided with the following connections, fig. 8: The P-pressure connection,
from which the drive chambers and control chambers of the directional control valve are fed; T cm water exhaust connections from the drive chambers; Tcc - water outlet connections from the control
chambers of the directional control valve; Af- the fertilizer aspiration connection; Rf - fertilizer
discharge connection.
The pressure connection of the injection device is made from the downstream end of the line.
Through the drive and control chamber tank connections, after performing the moving fluid
function, the water is freely discharged into the stand tank. Through the A f connection, the primary
solution from the fertilizer tank Bf is absorbed, and the primary solution is injected through the Rf
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connection. The circuit of the Rf connector is provided with a tap and pressure gauge to simulate
and measure the injection pressure value.

Fig. 8. Connection of the injection device in testing stand

The main discharge circuit of the pumping group is provided with:
- a pressure gauge located before the branching upstream point of the injection device, which
measures the pressure value in the main pipe;
- path valve with slide valve, located on the main pipe between the branching point of the injection
device, which causes a local pressure drop (which facilitates the injection process);
- path valve with sphere, located on the main pipeline, beyond the branching downstream point of
the injection device, which can simulate the hydraulic resistance generated by the irrigation system
distribution network.
After the injection device is branched, the values for the following parameters are adjusted:
- pressure of water upstream of the tap with slide valve, through which the pressure drop is created
between
the connecting points, to facilitate the injection process, pressure measured by the manometer
installed on the main pipe, upstream of the tap;
- working pressure of the injection device, regulated by pressure controller with pressure gauge;
- the flow in the main pipeline, by operation of the valve with sphere, mounted on the main
pipeline, downstream of the injection point of the device.

Fig. 9. Laboratory graduated vessels for
volumetric measurements

Fig. 10. Recipient for preparation of primary
solution

Apart from the measuring and control instruments in the stand, the following were also used:
- recipients for volumetric measurements - laboratory graduated vessels, 500-1000 ml, fig. 9;
- the blank for the preparation of the primary solutions, fig. 10, with a capacity of 50 l, made of
polyethylene resistant to corrosive action of chemical substances in fertilizers;
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Considering the corrosive action of the fertilizers, in order not to affect the components of the test
stand, the aspiration / discharge of the primary solution is made from / in the mixing vessel on a
hydraulic circuit separated from the supply circuit with moving fluid of the injection device; the
injection pressure value, at which the device operates uniformly and ensures the set parameters, is
adjusted from the valve mounted on the discharge hose and is measured with the pressure gauge
attached upstream of the tap.
3.2 Performed tests
The technical-functional characteristics achieved under stand conditions of the injection device,
determined according to the methodology [4] are shown in Table 1.
Table 1: Technical-functional characteristics of the injection device
Pres. in the
watering
pipe, bar

Working
pressure of
injection
device, bar

Injection
pressure, bar

Supply
flow of
injection
device
l/min

Exhaust
flows from
drive
chambers 1
and 2, l/min

Volume of
drive
chambers
1 and 2, ml

Control
chambers
volume of
directional
valve 1 and
2, ml

42/38

11.1/11.6

3.7

3.5

3.4

3.89

1.596/1.444

4.0

3.0

2.5

4.22

1.720/1.650

19.5/19.0

9.5/8.0

3.8

3.0

2.4

2.35

0.712/0.736

15.0/15.5

9.5/9.5

2.8

2.6

2.3

2.34

0.647/0.647

17.5/17.5

14.5/14.0

2.8

2.0

1.5

2.31

0.612/0.616

17.5/17.6

15.5/15.5

Frequency
of mobile
assembly,
double
strokes/min

Control
chambers
flow of
directional
valves 1 and
2, l/min

38

0.418/0.432

98

0.465/0.392

95

0.451/0.451

74

0.536/0.518

70

0.542/0.542

Injected
flow rate
of
primary
solution,
l/min

1.400
0.570
0.265
0.235
0. 335

Efficiency of
injection device
ɳ=
%

35.9
13.5
11.2
10.0
10.0

The device was equipped with balls injection valves, made of two types of material: steel (results
shown on the first row of the table), respectively KETRON PEEK polyether-ketone.
4. Conclusions
Experiments lead to the following conclusions:
1. The minimum pressure at which the injection device operates uniformly and continuously, with
the free discharge of the primary solution (without load) was 1.2 bar;
2. The injection device has been tested at preset working pressures in the range of 2-3.5 bar;
3. The minimum bypass flow rate that ensures device operation is 5 l / min;
4. The injection pressure is proportional to the supply pressure of the drive chambers and has
values ranging from 3.4 to 1.5 bar;
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5. To facilitate the injection process, a tap with slide valve (with fine flow adjustment) is installed
between the connecting points of the device, generating a local pressure drop;
6. Injected primary solution flow rate is between 1.4-0.235 l / min (84-14 l / h); the fertigation
equipment, depending on the preset working parameters, can administer both basic primary
solutions, currently used in fertigation, as well as microelements, which are administered in very
small doses.
7. The frequency of the mobile assembly is significantly influenced by the material from which the
balls of the injection valves are made; the frequency decreases with the increase in the weight of
the balls, with implications on the filling degree of the drive / injection chambers, the injection
pressure and the flow rate of the injected primary solution;
8. The injection device was tested with a 0.2% primary solution prepared from the Magnisal
chemical. Magnisal is a total water soluble fertilizer that contains 11% nitrogen as NO3 and 16%
magnesium as MgO; the solubility of the product is 173 g / 100 g water at a temperature of 0° C,
200 g / 100 g water at 100 ° C, 225 g / 100 g water at 200 ° C, 256 g / 100 g water at 300 ° C, 289
g / 100 g water at 400 ° C; concentration (%), pH and electrical conductivity (mS / cm) vary as
follows: 0.1 / 5.56 / 0.88; 0.2 / 5.51 / 1.69; 0.3 / 5.37 / 2.52; 1.0 / 4.85 / 7.58; 5.0 / 4.06 / 29.9.
9. Equipment samples under operating conditions have validated the reliability of laboratory
samples demonstrating the functionality and utility of the product.
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Abstract: The extrusion technology is one of the perspective and efficiency processes, combining
hydrothermal and mechanical processing of raw material (soybeans seeds), allowing obtaining newgeneration products and components with predetermined properties, with a new structure called instant
products, which are successfully used in animals fodder ration. The paper presents the installation for
soybean seeds superior capitalization IVSS (consisting of screw conveyor, supply system, extruder, cooling
system, mobile belt conveyor and a unit for command and control) and the experimental research in the
establishment of its optimal operating parameters. In conclusion, this installation for soybean seeds superior
capitalization using seeds dry extrusion as processing method ensures: reduction of raw material processing
losses on food chain, realization of complex fodder receipts, obtaining food products ready for consumption
or creating components for them, having high thickening and water and fat retention capacity with increase
assimilability and reduction of products microbiological contamination. Taking into consideration all these
aspects, this project tries to transform typical farmer in professional livestock farmer.
Keywords: Dry extrusion, soybean seeds, animal feed

1. Introduction
The quality of mixed fodder significantly influences the quality of animal products obtained. From
this point of view, fodder producers and farmers worldwide are facing serious problems with food
security, ensuring comfort for animals and the environment protection.
In our country too, it is noted that more and more livestock breeders are interested in providing a
full-value food to farm animals, which includes rich fodder receipts that lead to increased milk and
meat production.
By its amino acid content, soybean completes together with cereals the ration of these animals,
which leads to the production of mixed fodder, balanced in terms of essential amino acids and
makes possible to achieve performance and economic potential of the respective animals. [2, 3]
Progresses in livestock field have shown that fodder rations containing soybean may be
supplemented with vitamins eliminating the need for adding animal protein in the ration. Soy grit is
also an important protein component in animals fodder ration, especially for pigs. [1, 2]
Taking into account that raw materials to satisfy nutritional needs are necessary, one must
consider the processing method used to obtain these ingredients, which can influence the animal’s
performances. Most commonly used is the heat treatment of soybeans. Taking into consideration
that the anti-nutritional factors, in most cases, are proteins, the processing method can adversely
affect soybean proteins. Therefore, it is important to obtain a product rich in nutrients (energy and
usable proteins) and free of anti-nutritional factors.
Worldwide, there is a growing concern to produce fodder processing machines and installations
flexible, with the highest yields possible, low specific energy consumption to allow livestock
breeders produce their own fodder for their animals feed at low costs, fresh and in sufficient
quantities [4, 5, 6].
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Taking into account the importance of knowing extrusion processing of soybean seeds, this paper
presents the extrusion technology to obtain feed ingredients, used by the i nstallation for soybean
seeds superior capitalization – IVSS, produced by INMA Bucharest.
2. Materials and methods
The installation for soybean seeds superior capitalization – IVSS (figure 1) with a productive
capacity of 150÷200kg/h was designed as a support of farmers who want to approach a strategy
on: choosing fodder recipes depending on the animals in the farm, using own fodder and not only,
the technical base necessary to the farm, and in the same time they will meet the requirements
according to which agriculture no longer serves only to produce wheat, corn, milk and other
agricultural products, but it also provides environment conservation and product consumers food
safety.
Inclined screw
conveyor – TEI
85
Supply system SA

Mobile
beltconveyorTM
B 150

Cooling

system

Extruder

SR
Fig. 1. Installation for soybean seeds superior capitalization – IVSS;

a)
b)
Fig. 2. Material images (soybean seeds) at the installation inlet and outlet (final product “full fat soybean”)
a- Soybean seeds before processing; b- Final product “Full fat soybean”
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Fig. 3.Technological flow scheme of soybean seeds extrusion processing

During the extrusion process, the product can reach temperatures of approx. 140-150°C. As a
result of the combination of temperature and pressure is ensured the distortion of anti-nutritional
factors, oxidative enzymes and the release of oil from the cells by breaking the cell walls.
The main function of the extruder, besides transport, is to create a certain pressure necessary for
the processed material to pass through the die orifice. The basic components that contribute to
achieving this function are: the screw, the extrusion barrel and the die (Fig. 4).

Fig. 4. Extruder scheme
1 - electric motor; 2- mechanical transmission; 3 - control panel; 4- frame; 5- supply hopper; 6- heatingcooling system for barrel; 7- screw; 8- barrel; 9- heating-cooling system for die; 10- die; 11- nozzle; 12- die
section; 13- pressure section; 14- transition section; 15- feed section

The screw (7), beside the function of conveying the material from the supply hopper to the die
entrance, influences, by its geometry, the mixing, shearing, the amount of mechanical energy
dissipated in the heat and the pressure developed before the die.
According to the technological flow scheme in Figure 3, the product was introduced as a seed
mass into the hopper of the inclined conveyor which transported it with the screw and discharged it
into the feed system. From here, the seeds were dosed by a horizontal screw and discharged into
the extruder feed funnel. The screw, the extruder main working element, picked up the raw
material from the feed hopper, transported, processed and forced it to pass through the die hole at
its end. The resulting expanded soybean was taken over by a belt conveyor and evacuated into
storage hoppers.
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The experimental researches were carried out at INMA Bucharest, both under laboratory and
operating conditions. In the experimentation, we used soybean seeds, purchased from the cereal
and industrial plants market, which underwent laboratory determinations on the physical
characteristics that influence the extrusion process. For each sample we determined: product
humidity, hectolitre mass, physical purity of different types of impurities removed, as shown in
Table 1. In the case of soybean seeds used in the experiments, it was necessary to use the water
for wetting the seeds as according to Table 1 the humidity was below 8%.
Table 1: Determinations of soybean seeds characteristics
No.

Characteristic

Parameter value
Sample 1

Sample 2

Sample 3*

1

Humidity, %

7.35

6.89

8.94

2

Hectolitre mass, kg/hl

69.53

69.14

61.96

3

Purity, %

99.49

98.85

86.52

4

Impurities:
-oleaginous, %
-non-oleaginous, %

0.22
0.29

0.68
0.47

13.48
(total
impurities)

*unconditioned seeds

The tests of the installation amounted to 115 hours of operation and were carried out in accordance
with the specific procedures [2], using the following measuring devices: electronic balance and
hectolitre balance, electronic humidometer, temperature transducer, tachometer and phase and
frequency analyser (for the determination of the energy indices). At the same time, the proper
functioning of the equipment and the measuring devices was checked and were measured the
environmental conditions (ambient temperature and relative humidity) in which they were used.
Final product parameters were calculated using the following relations [7, 8]:
 The expansion degree characterized by:
- final product density;
- apparent specific volume
(1)
where:
De–outer diameter of expanded product;
Lse - specific average length (for 1g of extruded product).


Expansion index characterized by:
- transverse expansion index (IET)
IET = ( De/Dm)2

(2)

where:
De– outer diameter of extruded product;
Dm – diameter of die hole
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Table 2: Final product parameters
Parameter value
No.

Parameter

Sample 1

Sample
2

Sample
3

9.5

9.2

8.8

26.49

25.49

26.17

1

Outer diameter of expanded
product, De [mm]

2

Specific average length (for 1g of
extruded product), Lse [mm/g]

5.5x10-3

5.43x10-3

5.53x10-3

3

Apparent specific volume, VS
[g/mm2]
Diameter of die hole, Dm [mm]

7.8

7.8

7.8

Transverse expansion index, IET

1.48

1.39

1.27

4
5

3. Conclusions
The extrusion technology is one of the perspective and high efficiency processes that combine the
hydrothermal and mechanical processing of raw material - soybean seeds, enabling new
generation products and components with predefined properties, with a new structure: instant
products.
In the case of soybean seeds processing by extrusion compared to traditional technologies, there
are several advantages:
• products ready for consumption or components, which have a high water and fat retention
capacity, are obtained;
• the degree of assimilation of raw material and use is higher;
• the degree of raw material microbial contamination and neutralization of the thermolabile
anti-nutritive components is reduced.
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Abstract: To reduce the emission of CO2 and the environmental entropy, production of energy should be
done with zero or negative carbon balance. The residual agricultural, forest and industry biomass can be
converted in TLUD gasifier with the CHAB concept in heat and quality biochar with a negative entropic
balance of -15 338 kJ / kWhth. Compared with the direct burning of biomass, which is theoretically a zero
entropic balance, introducing biochar in agricultural soil produces negative entropy of -15.3 kJ/kg.bm.K,
contributing to increased anti-entropic activity of agricultural soil and improves soil health, which enables
plants to sequester carbon into the ground. This is known as the carbon multiplier effect.
Keywords: Entropy, biomass, CHAB concept, biochar, TLUD

1. Introduction
The currently developped concept called CHAB (Combined Heat And Biochar production) consists
in concurrently obtainingheat and biochar from biomass. Agricultural biochar amendment is a
valuable contribution to agricultural soils, certified to increase their productive capacity. Biochar is
produced from pyrolysis of biomass in different conditions with a specified temperature and oxygen
supply. [1. 2. 3. 4]
Incorporation of biochar into the agricultural soil produces negative entropy variation of the
environment, contributing economically and environmentally to atmospheric carbon sequestration
for long periods, resulting in the absolute reduction of CO2 concentration in atmosphere. Biochar
contributes directly to increasing soil fertility, which results in an increase in plant mass, which
leads to a decrease of environment entropy, by fixing more CO2 through photosynthesis. This is
known as carbon multiplier effect. [1.5.6]
It appears that using the concept CHAB has an anti-entropic nature, contributing directly to
reducing both the environmental and agricultural soil entropy balance. A Monte Carlo analysisof
the entropic balance, called Cross Entropy Method, enables optimization of processes used to
obtain energy from renewable sources [7. 8. 9. 10]
Unlike energy production through biomass burning,in which in theory entropy remains constant,
using the concept CHAB lowers the atmosphere and soil entropy. CHAB is an anti-entropic
process. [9. 10.11]
Onecurrent application of the CHAB concept uses an anoxidic pyrolizor operating at 773 K in
which, the exiting pyrolysis gas condensation produces bio-oil and syngas and a high proportion of
biochar with VOC (Volatile Organic Componnents). Analysis shows that the system produces
negative entropy. It appears that the greatest positive entropy is produced by the condenser unit. If
possible the CHAB concept should avoid the condensation step. [12, 13]
This paper analyzes the entropic balance of the gasification process type TLUD (Top-Lit-Up-Draft)
with CHAB concept for the production of heat and biochar. The gasifier TLUD can operate at a
temperature of the mygratory pyrolysis front (MPF) higher than 973 K. It produces syngas with very
little tar and does not have a condensation step,resulting at the output in a larger negative entropy
value. [13]
2. TLUD gasifier with CHAB concept
The thermal system with CHAB concept shown in block diagram in figure 1 consists of TLUD
gasification reactor, a gas burner and a biochar cooler. The analysis of the system entropy
variation considers an isolated thermodynamic system which consists of three open subsystems.
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Fig. 1. Block diagram of CHAB concept thermal system

The batch input in the TLUD gasifier reactor is a Mbm (kg.bm) biomass at standard temperature
298Kwith known physical, chemical and energy characteristic. Initialize the ignition and gasification
process by feeding an air mass input Mag = kagMbmg (kg.air) at standard temperature. [3.4.14.15]
In gasification processes, some of biomass Mbmg is completely gasified and in reactor remains a
warm biochar mass Mbcof average temperature Tbch.
The output warm biochar mass Mbc is:

M bc  k BC  M bm

(kg.bc)

The output mass of fully gasified biomass Mbmg is:

M bmb  M bm  M bc  M bm  kBC  M bm

 (1  kBC )  M bm

(kg.bmg)

For further uses biochar is cooled to standard temperature 298K with a special cooler, which heats
the air needed for combustion in the burner.
From gasification process result a mass of combustible gases Mgas (kg.gas):
M gas  M bmg  M ag  (1  kag )  M bmg

(kg.gas)

Produced gases Mgas are burned with a special burner with outdoor air intake mass Mard:
M ard  kard  M ag  kard  kag  M bmg  kard  kag  (1  kBC )  M bm

(kg.air)

The combustion air is heated with the exit heat of biochar cooler, which makes the system emitting
outdoor only the enthalpy Qhotgas of fully gasified biomass Mbmg. [3. 14.15]
Theoretically, the ecological entropic balance burning biomass is null. The fully gasified biomass
Mbmg releases an amount of water in the surroundings and the CO2 will be fixed by vegetation
through photosynthesis, leading to a zero entropy variation. [6. 9]
The system with CHAB concept will return in environment the standard entropy of cold biochar.
Depending on usage it can be positive if it is used as fuel for gasification, or negative if inserted
into the agricultural soil.
The total entropy balance is:

Stotal  S R  SC  S gent  0
where - SR entropy generated by the reactor TLUD.
SC - the entropy generated by the cooler. In this case the SC = 0.
Sgent - entropy generated by the system.
With the entropy generated by the cooler being 0, the total entropic balance becomes:

Stotal  S R  S gent  0
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3. Entropy balance of the TLUD gasifier
In general, in the analysis of entropic balances, absolute entropy, standard entropy and specific
entropy are used. The entropy flow measurement is done using units specific to the different
processes analyzed. This study uses specific entropy relative to one kilogram of biomass
introduced reactor and measured kJ/kg.bm.K. [13. 16]
The entropy change ΔSR in gasifier TLUD, producing fuel gas and biochar (BC), considered as an
independent subsystem, is null. The entropic balance is:

where: Sinpr- entropy input in reactor.
Soutr- entropy output from reactor.
Sgenr - entropy produced by the reactor.
In the present paper only the entropy input calculations will be explained.
The entropy input results from summing specific standard entropy Sbm of one biomass kilogram
with the entropy Sairg of the air mass Mags for gasification of a kilogram of biomass.
Sinpr  Sbm  S airg

The standard enthalpy of biomass can be calculated with little approximation as the ratio of High
Heating Value (HHV) (kJ/kg.bm) to the standard temperature of 298 K (25 C).
S bm 

HHVbm (kJ / kgbm)
298( K )

The error of this approximation is within 3% for most biomass gasifiers. [12. 16.17.19]
HHV biomass can be determined experimentally with a calorimeter bomb, or if known chemical
composition of biomass is known with semi-empirical models. The most used models are:
Demirbaş (2000), Chang (2005), Azevedo (2005), Friedl (2005) and all. [17.18.19.20].
For this study, the data from experiments of doctoral thesis developed by S. Varunkumar were
used. The chemical composition and Low Heating Value (LHV) for biomass pellets are given.
These data are used to estimate the HHV value of biomass as 15.8 MJ/kg.bm. [7.15.17.20.21. 22]
Biochar entropy is calculated similar to that of biomass knowing the HHV value, or its
experimentally determined value based on the chemical composition of biochar. In the analyzed
experiment the high heating value of biochar HHVbc = 27.8 MJ/kg.bc. [2.4.5. 14.15]
Sags specific air entropy for of a kilogram of biomass gasification is:

S ags  S airS  kag  (1  k BC )
where: Sags – standard air entropy. [23]
kag = 1.50.[15]
kBC = 0.164. [15]
The heat losses of the reactor by convection and radiation are taken in consideration for the
heated combustion air. The heat loss was determined experimentally to be 3% of the enthalpy of
the biomass gasified. [15]
4. Cooler entropy balance
The biochar enters the cooler with a high temperature of 500 C and exits from the system with a
low temperature. The heat taken up by cooling of the air is used to heat the combustion air,
recovering some of the of the biomass source energy. Thus almost all the energy from gasified
biomass Mbmg is found at the exit of the burner in the hot gases enthalpy.
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5. Results and discussions
With the above considerations, calculations to determine the final entropy balance, as presented in
tables 1 and 2have been performed. It appears that the overall balance of TLUD gasifier operating
in CHAB concept with initial hypothesis conditions, is negative at - 3 353 kJ/kg.bm.K. By
incorporating biochar in agricultural soil a environment entropy decrease with -15 299 kJ/kg.bm.K
results.
Table 1: Gasifier TLUD with CHAB concept
Obs.

MJ/kg.bm

Value
15.8000

grade K

298.0000

[6]

kJ/kg.bm.K

53.0201

kJ/kg.air.K

Feature

M.U.

HHV pellets (BM)
Standard input temperature
Biomass input entropy
Input air entropy

[20]

6.8480

[6]

kg.air/kg.bmg

1.5000

[20]

kg.bc/kg.bm

0.1640

[20]

Gasified biomass yield (BMG)

kg.bmg/kg.bm

0.8360

Syngas mass

kg.gas/kg.bm

2.0900

Carbon in biochar

kg.C/kg.bc

0.9100

[20]

Carbon of BM in BMG

kg.C/kg.bm

0.1492

[20]

MJ/kg.bc

27.8000

[20]

HHV of gasified biomass

MJ/kg.bmg

13.4459

Specific heat of biochar

kJ/kg.bc.K

0.9500

[18]

Out reactor temperature

grade K

773.0000

[20]

Standard biochar entropy

kJ/kg.bc.K

93.2886

Output biochar entropy

kJ/kg.bc.K

36.5783

HHV output syngas

MJ/kg.gas

4.6000

MJ/kg.gas.K

11.5578

kJ/kg.gas

1.0000

kJ/kg.gas.K

5.1025

A/F range
Biochar yield

HHV of biochar

Standard entropy syngas
Syngas specific heat
Output syngas entropy
Heat loss - 3% of HHV.bm

kJ/kg.bm

Heat loss entropy

kJ/kg.bm.K

474.0000
1.5906

(bm – biomass ; bmg – gasified biomass ; bc – biochar)

Table 2: Thermal system entropic balances
Feature
Balance reactor inputs
Biomass mass
Input biomass entropy
Input air entropy
Total entropy inputs
Balance reactor outputs
Output biochar entropy
Output syngas entropy
Thermal entropy loss
Total outputs entropy
Entropy generated in reactor

M.U.
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Value

kg.bm
kJ/kg.bm.K
kJ/kg.bm.K
kJ/kg.bm K

1.000
53.0201
8.5874
61.6075

kJ/kg.bm K
kJ/kg.bm K
kJ/kg.bm K
kJ/kg.bm K
kJ/kg.bm K

5.9988
10.6642
1.5906
18.2536
-43.3539

[20]
[20]
[20]
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Incorporating biochar in soil helps to increase crop production in same environmental conditions,
which can decrease the environment entropy by sequestration in agricultural soil of about 0.153
kg.C/kg.bm or a 0.560 kg.CO2/kg.bm. This calculation confirms that the application of the CHAB
concept can effectively contribute to decreasing the environment entropy.
Using the CHAB concept to achieve the same heat production, compared to the case of heat
produced by directly burning biomass results in an average decrease of entropy by 15.338
kJ/kWhth.
Table 3: Environment entropic balance
Feature
Entropy of BC introduced in soil
Carbon sequestered in biochar
Carbon dioxide sequestered in soil
Overall TLUD yield
Pellet burner yield
Burner energy with CHAB
Pellet burner energy
Specific entropy reduction

M.U.
kJ/kg.bm.K
kg.C/kg.bm
kg.CO2/kg.bm
real
real
MJ/kg.bm
MJ/kg.bm
kJ/kWhth

Value
-15.299
0.153
0.560
0.912
0.930
10.143
14.694
-15.338

6. Conclusions
Using CHAB concept for the production of heat and biochar helps reduce the entropy of the
environment so it is anti-entropic action, typical for the vegetation, contributing efficiently and
directly to the sustainable development of agriculture and therefore for entire society.
The use of TLUD gasification process operating in CHAB conditions leads to a negative entropic
balance of -43.353 kJ/kg.bm.K, a much higher entropy change than any other applications of the
CHAB concept.
CHAB concept produces a unit of heat compared with the direct burning of biomass systems
reducing the entropy with-15.338 kJ/ kWhth.
Compared with the direct burning of biomass with zero entropy balance, by introducing biochar in
agricultural soil, a decrease of soil entropy with -15.3 kJ/kg.bm.K results, helping to increase the
anti-entropic activity of agricultural soil.
An effective economic and ecologic optimization of similar thermal systems can be done by
applying a Monte Carlo type analysis called the Cross Entropy Method.
This study may by used as a basis for advanced analysis of anti-entropic nature of energy
production from biomass with CHAB concept.
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Abstract: In this paper we report on our experience in producing laboratory equipment (test stand) to
determine the performance characteristics of on-line equipment for water analysis under controlled
conditions. In this paper only reference is made to the physical parameters of drinking water. After building
test bench facilities, an in-line sensor / equipment to determine performance characteristics using the
comparison method should be considered. The performance characteristics to be determined are in
accordance with the test procedures.
Keywords: Sensor test and in-line measurement, water drinking quality parameters

1. Introduction
The quality conditions that drinking water must meet are rigorously established (regulated) by
sanitary norms and standards. Sanitary norms are tables of a legal nature that include the limit
values admitted for water quality indicators. [1]
Water quality standards are a set of rules defining the main quality characteristics that water has to
meet, the methods of analysis, the units of measurement, the terminology of the symbols used,
etc. [2].
Each country has its own standards and water quality standards. However, worldwide it tends
towards a common basis, resulting from the experience and needs of all. [3]. The common basis is
represented by a reference system, accepted in most countries, which includes the limit values
allowed for the physical, chemical and biological composition of water, which ensures the safe use
of water for a particular destination.
In recent years the development of IT and communications technologies have a more significant
contribution in the water processing management and the technologies for water quality control are
undergoing continuous improvements. These technologies not only must comply with strict rules,
safety measures, and quality standards, social and environmental challenges but also face serious
problems of obsolete infrastructure, network leaks and the quality of drinking water. On the other
hand, supplying clean drinking water and protecting the health of the population of the adverse
effects of any contaminated water intended for human consumption are fundamental requirements
of the European Directive 98/83/EC, transposed into Romanian legislation law No. 458/2002
(amended and completed by law No. 311/2004 and the Governmental Ordinance No. 11/2011).
As a result, there is a market demand for drinking water management solutions considering that
current technologies are far from satisfying the legal requirements in terms of monitoring, remote
transmission and data processing for water quality. To know the water quality monitoring solution
currently used is manual removal of samples, in certain specific points (especially the plug),
transport to laboratory,measurements and issuing a report.
2. The current situation in the country
Drinking water quality monitoring can be achieved only in laboratories registered with the Ministry
of Health. Registration is a process of recognition of the drinking water is done within the
laboratories of DSP [4].
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The manufacturers water quality monitoring is based on rigorous technical procedures and
advanced control tools. Water monitoring is carried out in water plants (automated analyzers track
each phase of water treatment to verify its effectiveness), in water tanks and on the distribution
network, all these being coupled with laboratory analysis.
Annually about 120.000 indicators are analyzed on over 6.000 samples collected from the
distribution network [5].
To know the water quality monitoring solution currently used is manual removal of samples, in
certain specific points (especially the plug), transport to laboratory, measurements and issuing a
report.
Sampling is currently in a period of time and the test results are known after 7 ÷ 10 days from the
date of sampling. In this way, exceeding the maximum permissible content of chemical elements or
physical is known only after the event, without being able to take swift action.
These laboratories equipment is not used in the field (expeditionary) and is not adaptable
monitoring system water transport buses[6].
3. The current situation abroad
To highlight existing solutions on the market must mention two technical solutions for measuring
parameters of drinking water. In-line measurement is made by placing measurement probes inside
the pipes, and the on-line measurement of water sample is pumped from the water pipe to
additional analytical tools pipeline. Currently for measuring on-line there are a variety of multi
parameter probes used to determine several physic parameters such as: pressure, temperature,
pH, turbidity, residual chlorine, total organic carbon (TOC), and turbidity [7].
4. General description of the product
Constructively, the adopted scheme of equipment for in-line calibration of apparatuses for
determining the physical parameters of water quality is shown further (Fig.1).

Fig. 1. General description
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The equipment consists of the following components: water reservoir, 1 -sumersible pump, 2 valve A, 3- pressure switch, 4- hydropneumatic accumulators in which the fluids are separated by
balloon, 5 -electromagnetic flowmeter, 6- sense valve, 7- recirculating pump, 8 – valve B, 9 pressure indicator, 10 - pressure and temperature transducer, 11 - ventilation valve, 12 - a bypass
where the measuring probes and the monitoring system are mounted, 13 - 3-way pass valve, 14 –
emptying path, pipes and fittings, elbows, mass support, etc.
Operation:
After mounting the calibrator in the by-pass where the measuring probes and the monitoring
system are mounted, depending on the parameters determined, the stand provides two modes of
operation:
A Closed system operation;
A pressure of 1.5 bar is provided in the hydropneumatic accumulator. With valve 2 in open
position, valve 9 in open position and three-way valve having outlet path 14 closed, the water in the
tank is pumped into the pipes at a pressure set by means of the pressure switch 3. At the moment
of reaching the desired working pressure, the pump is disconnected by means of the pressure
switch and closing valve 2. Air in the system is drained through the air valve. Start the water
recirculation pump on the system at the flow rate it provides. We have the choice of three flow
rates. The pressure and temperature transducer 10 together with the flow meter 5 provides
information on each measured parameter by displaying the measured values on the control and
control panel (laptop). The water passes through the bypass on which the calibrating apparatus is
mounted and further returns to the tank by opening the three-way valve through the discharge
head 14 after the calibration.

Fig. 2. Specialized equipment for calibration in-line

B Open system operation;
A pressure of 1.5 bar is provided in the hydropneumatic accumulator. With valve 2 in open
position, tap 9 in the closed position and three-way valve having outlet path 14 open, tank water is
pumped into the pipes at a pressure and flow comparable to those encountered in the water supply
network. The air in the system is drained through the air vent valve. The pressure and temperature
transducer 10 together with the flow meter 5 provides information on each measured parameter by
displaying the measured values on the control and control panel (laptop). The water passes
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through the bypass on which the calibration device is mounted, and then returns to the tank
through the throttle tap 14 of the tap. The calibration of the appliance is carried out with the pump
in operation.
Determining performance characteristics of sensors for analyzing the physical parameters of water
in the laboratory, under controlled conditions, it can be described using the diagram as shown in
Figure 3. [8]

Fig. 3. Overview of test

Technical specifications

Fig. 4. Calibration test
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The main technical characteristics of the specialized equipment for in-line calibration of the
apparatuses for determining the physical parameters of the water quality are the following:









Work environment: fluid (water);
Pressure: minimum 0.7 bar and maximum 6 bar
Working pressure: max. 3 bar
Flow rate: Fmin = 0.1887 mc /s; Fmax = 0.55 mc /s; F work = 0.25 mc /s
Temperature: 25 ± 5 ºC
Power supply: 50Hz; 1x230 V; 0 ... 24 VDC
Pump: 0.016 mc /s - 0.09 mc /s
Tank: 80 l

5. Conclusions
The experimental researches validated the constructive solutions chosen for the calibration stand
in the field of physical parameters measurement of water quality, dynamic behavior of sensors, as
well as the proposed test method for determining the main parameters influencing this behavior.
There are four series of measurements, three series with closed system operation and 1 series, in
open system.
The experimental research on the behavior of the specialized equipment for the in-line calibration
of the apparatuses for the determination of the physical parameters of the water quality, allowed
the determination of the functional parameters, as well as the recording of the evolution of the
physical parameters according to the variation of the pressure and the flow rate.
References
[1]. Law No.458 of the Romanian Parliament of 8 July 2002 on drinking water quality;
[2]. STAS 1342/91- Apă potabilă;
[3]. Current Online Water Quality Monitoring Methods and Their Suitability for the Western Corridor Purified
Recycled Water Scheme – Roger O'Halloran, Shoshana Fogelman, and Huijun Zhao, October 2009;
[4]. Department of Public Health;
[5]. http://www.apanovabucuresti.ro/info-consumator;
[6]. EU-WFD 2003. Common implementation strategy for the Water Frame Work Directive
(2000/60/EC),Guidance Document No. 7. Monitoring under theWater Framework Directive Produced by
WorkingGroup 2.7 – Monitoring (2003);
[7]. FP7 – 217976/SecurEau - Security and decontamination of drinking water distribution systems following
a deliberate contamination;
[8]. ISO 15839:2003 - Water quality-On-line sensors/analyzing equipment for water- Specification and
performance tests.

397

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania

EXPERIMENTAL RESEARCH ON THE METHODS OF VALORIFICATION
OF BIOMASS WASTE
Gabriela MATACHE1, Ioan PAVEL1, Petrin DRUMEA1, Alexandru HRISTEA1,
Edmond MAICAN2
1

Institute for Hydraulics and Pneumatics INOE 2000-IHP, fluidas@fluidas.ro

2

UPB-ISB, e.maican@gmail.com

Abstract: This paper presents the results obtained from testing a TLUD-type equipment, used to obtain
biogas and biochar from biomass, developed and manufactured based on a patent elaborated under a
research and development project by the staff of the Institute IHP. The paper presents solutions to increase
the efficiency of burning boilers with gasification by recovering heat from flue gases discharged (which
otherwise would be lost to the atmosphere) and reinserting it into the air circuit for gasification or combustion.
The energy thus reintroduced into the combustion process can increase efficiency of gasification boilers by
several percents, which means it saves large amounts of biomass and slows down global warming.
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1.

Introduction

One of the most important sources of fuel for humankind was wood. Essential for using this type of
fuel is that energy can be recovered in a sustainable manner (being renewable). Worldwide there
is a potential big enough for the use of wood for energy purposes. Many of Europe's forests can be
used for energy purposes without compromising existing natural ecosystems. Harvesting and
processing wood for energy purposes other than those involving large quantities of waste, often
remain untapped. Thus, wood chips or sawdust, which can produce so-called pellets or briquettes
are a valuable fuel. A big advantage of wood is that it retains the energy content in time, even in
the first two to three years there is a relative increase, which is the period when drying occurs. This
feature is important because if you do not have a properly degree of drying all wood humidity will
be eliminated in the boilers with the price in the drop of the caloric power. Another disadvantage is
the burn rate of the wet wood which decreases the temperature of the combustion, which leads to
imperfect oxidation of all the combustible ingredients, the appearance of smoke, the clogging of the
fumes canals and reducing the boiler life.
Gasification is the conversion of solid fuels into gaseous fuels, produced by partial oxidation using
oxygen, air, water vapor or mixtures thereof in special equipment (gas-producing). The entire
process takes place by partial combustion and heating of biomass with heat generated during
combustion. The mixture of emerging has a high energy value which can be used, like other
gaseous fuels, to produce heat or electricity.
2.

Methodology

Wood boilers, gasification, with gasification, it runs on pyrolytic wood distillation process. When the
air is limited, the wood turns into charcoal as it burns. At the same time appears the "wood gas",
which is directed into the burner nozzle to be burned at the base of the boiler. This method of wood
burning allows the effective use as fuel.
Combustion is a three-step process in every area of the boiler:
 Zone 1 - drying and gasification wood,
 Zone 2 - burning of the wood gas at the secondary preheating nozzle entrance,
 Zone 3 - lower combustion in uncooled combustion chamber.

398

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
Thus, the system for controlled combustion ensures a high efficiency - often up to 90%. Taking into
account this, the boiler performance is continuously variable from 40% to 100%. Burning space
typically includes the nozzles made of special refractory materials. The control of operating the
boiler is made with an electronic controller, depending on the temperature.
In the gasification process there enters biomass and air and results fuel gas and ash with a neutral
CO2 balance.
The fuel gas with CO, H2, CO2, N2 and tar can be used to:
- burning in a specialized burner from which results flue gases with high enthalpy containing, in
very low concentrations PM and CO, hot gas that are used to:
o processes of heating water, steam or air,
o in internal combustion engines to produce electric energy.
- is filtered the content of tar and PM and is used in internal combustion engines to produce
electric energy.
In Figure 1 is represented a block diagram of the procedure of energy recovery of biomass by
thermo-chemical gasification.

Fig. 1. Block diagram of the energy recovery from biomass via gasification

Given the high degree of automation of the gasification boilers, operation of such devices requires
only minimum requirements. The content of the fuel compartment is sufficient for at least 4-10
hours of use on medium power. The boilers are designed for installation in systems with forced or
gravitational circulation.
Gasification boilers can burn dry wood mass, wood waste naturally in a variety of forms, from chips
to logs with lengths up to 80 cm and the a diameter of up to 30 cm, briquettes or pellets.
3. Energy module with micro-gasification process type TLUD
Functional diagram of a TLUD generator with coupled burner it is shown in Figure 2. The micro
gasification process is supplied with air from a variable speed fan. In Figure 3 is represented a
functional diagram of a TLUD generator at which the gasgen burner and separated from the gas
producer. Gasgen is a combustible gas with low calorific power and for an efficient combustion are
used specialized burners, FLOX type [1, 5, 9, 10].
Biomass is introduced into the reactor and rests on a grate through which passes, from the bottom
up, the gasification air. Initialization process is made from the free top layer of biomass.
The heat is obtained by burning the hot gasgen resulted in pyrolysis phase; this is mixed with the
preheated combustion air introduced into the combustion zone through orifices disposed at the top
of the reactor. The mixture with high turbulence flame burns at the upper mouth of the generator
with temperatures of 900-1000 ºC. To adjust the thermal capacity required the air flow rate Dag for
gasification and Dard for combustion with two flaps, coupled mechanically or by varying fan speed.
The TLUD is with a fixed bed biomass process and therefore the generator operates under
rechargeable batch.
The gasification process is done with a light intensity with timetables specific consumption of 80 –
150 kg.bm/m2h which leads to reduced specific power for the reactor 250 – 350 kW/m2. The slow
process maintains a superficial velocity of the gasgen produced at very low values vsup ≤ 0,06 m/s
resulting in reduced free ash entrainment and the concentration of PM2.5 at output from the burner
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of maximum 5 mg/MJbm; value of at least five times smaller than current rules imposed for thermal
generators with solid fuel. [3, 5, 7, 9, 10]
Because it provides a very good mixing of gasgen with burning air at an optimum excess of 1.4 1.5, in the flue gases the CO concentration is less than 2%, or 0,8 g/MJbm; value under the
standards required currently. These aspects make TLUD heat generator to be less polluting
compared to other systems of the heat generation using solid fuel.

Fig. 2. Functional diagram of the TLUD
generator with coupled burner

Fig. 3. Functional diagram of the TLUD generator with
FLOX burner

This type of heat generator has been developed and used in stoves for preparing food in remote
areas, operating very well with a wide variety of local biomass. An outstanding example is the
environmental and energy performance is the portable stove produced by PHILIPS, in which the
fan is powered by electricity produced by a Heat-generating semiconductor, mounted under the
grill, being a typical generator thermal with energy independence.
In Figure 4 is a block diagram of a TLUD energetic module. Energetic inputs into the module are:
- biomass consumption Cbm;
- air needed for gasification Dag and for combustion Dard;
- the size of command uPt of thermal load.
The outputs from the energetic module are:
- biochar Dch produced from pyrolysis and partly reduced;
- thermal power Pth of the flue gas at exit of the burner;
- concentration of CCO in the combustion gases;
- concentration of solid particles PM in the combustion gases.

Fig. 4. Block diagram of the energetic module TLUD

In TLUD generator enters biomass gasification and combustion air and electricity. The electric
energy consumption is not more than 0.3% of the thermal energy produced, aspect that
recommended TLUD thermal generators in heating systems in energetic remote areas.
From the experiments carried out with modules TLUD it has been found that the conversion
efficiency of the biomass entirely gasified in gasgen is in the range 92-95%. [1, 2, 4, 6, 8].
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To achieve thermal performance and functional requirements imposed by current industrial
consumers of thermal energy, to the heat generator TLUD it can be attach an automatic driving
device type PLC.
Energy recovery is a topic addressed by most local development strategies, national and global,
this is the basis of sustainable development.
The effects of energy recovery consist in:
- lower consumption of wood to heat a space, so lower costs for maintenance,
- resource conservation,
- the natural environment is more stable,
- rescued trees bring satisfaction, wellness and relaxation to people.
In a research project there were attempted to develop alternatives of TLUD gasifiers that aim to
recover energy in the chimney (which is required by 150-200º C temperature), thus avoiding
condensation and the tar deposit. So the proposed solutions focus on keeping constant the
temperature imposed by chimney and the heat energy recovery of this area, that can be
reintroduced partial in the combustion process or can be converted into electrical energy (E.g. for
charging a battery by means of Peltier modules).
4. TLUD prototype testing
The biomass is introduced into the reactor and rests on a grill through which the primary air for
gasification passes from bottom to top. Rapid pyrolysis reaches a point of incandescence at the top
and continues down into biomass in the reactor. Rapid pyrolysis results in gas, tar and biochar.
Tars pass through the incandescent charcoal layer, are cracked and completely reduced due to the
heat radiated by the pyrolysis front and the upper flame. The resulting gas is mixed with the
secondary combustion air, preheated by the reactor wall, introduced into the combustion zone
through the orifices disposed at the top of the reactor. The mixture with high turbulence burns with
flame at temperatures of about 900 ° C. The regulation of the thermal power is done by the
variation of the primary and secondary air flows. The design solution shown in Fig. 5 has been filed
as Patent No. A / 00286 / 27.04.2015 [12]

Fig. 5. Design solution of TLUD

In the tests, 15 kilograms of pellets were used as combustion material. The reactor allows the
loading of two pellets.
The TLUD warm air prototype (Figure 6) was tested in the low power and maximum power mode.
Tests were conducted at INOE 2000 IHP.
Recording the temperature variation at different points of the hot air generator is done with the help
of Pt1000 temperature probes. They are connected to a data acquisition board via 4 ... 20 mA
amplifiers, the voltage conversion for the analog input of the acquisition board is made with the
help of resistors (Figure 9). An application made in LabVIEW is used to display and record the data
(fig.10). The application displays numerically and graphically the temperature variation during
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burning. When the recording stops, the application allows you to save the temperature values over
time in a text file. These data can be processed later.

Fig. 6. The hot air generator prototype on the principle of TLU

The LabVIEW application (figure 7) contains the following function blocks: program loop with the
possibility of setting the data acquisition interval, input block from the acquisition plate in which it is
made and temperature scaling - output signal, numeric display, graph display, running time counter
(seconds, minutes, hours), data entry in text file, graphical deletion (when starting a new sample),
and a table display block.

Fig. 7. LabVIEW data schematics acquisition program

4.1. Test 1 – Obtaining Gasification and biochar alternative
The contents of a pellet bag were introduced into the reactor. Initiation of the combustion process
was done at the top of the material in the reactor, with commercial fire ignition lighters and from
ignition to stabilized gasification entering about 12 minutes according to the data acquisition
(Figure 8)

a
Fig. 8.
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After entering the gasification regime, the flame has moved from the combustion material in the
reactor to the burner. The gas produced in the reactor was mixed with the combustion air and a
flame similar to the flame from the stove was produced (Fig. 8b). Several adjustments of the
gasification and combustion air intake valves (Fig.8.a) have been made and the adjustability of the
hot air generator power has been found. By opening them, the flame grows almost
instantaneously. Thus, the correct operation of the TLUD type gasification principle (Top-Lit
UpDraft) has been demonstrated [12].
As a result of the data acquisition (Fig. 8c) for the entire duration of the operation until the flame is
blue and the hot air generator (stopping the fans and opening the supply door) to get the biochar,
the graph of Fig. 9.

Fig. 9

The burning process lasted 83 minutes for a 15 kg pellet bag under minimal operating conditions
and was interrupted when the flame was blue (signaling that the gasification of the matrix was
complete and the gasification of the biochar commenced). Thus, approximately ¼ of the biochar
(figure 10) was obtained from the volume of the material initially introduced for combustion.

Fig. 10. Biochar obtaining

A good adjustment of power from the hot air generator was achieved by adjusting the combustion
air and gasification. The temperature of the heated air at the exit from the generator for the
minimum operating condition was stabilized at about 90 ° C and the chimney temperature was
about 120 ° C. The air flaps have been adjusted to approximately 1-2 mm opening.
Under these conditions it can be said that the generator cannot work below the test values, so it
has a minimum operating power of 3kW
4.2. Test 2 - Gasification without making biochar with gasification of them gasification,.
Into the reactor were introduced the contents of a pellet bag. The initiation of the combustion
process was done with commercial briquettes and from the ignition until the stabilized operation
entered it took about 12 minutes according to the data acquisition (Figure 11).
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Fig. 11

Under the test conditions at maximum power with air flaps and gasification air open at more than
10 mm, an average heating air temperature of 175 ° C was obtained and the chimney temperature
was approximately 230 ° C according to the graph of data acquisition.
In Test 2, the burning process was no longer interrupted to obtain the biochar (when its flame was
blue) and thus a longer operating time and a higher energy amount with about ¼ of the reactor
shutdown and biochar. The final result of total burning, including the batch, was a very small
amount of ash of about 50 g. The generator can work very well in both ways; with the acquisition of
biochar or burning it and getting energy. In both cases no emissions of smoke or fumes were
found.
When the pyrolytic front reached near the bottom of the reactor and the thickness of the biochar
layer decreased in the conditions of maintaining the flow of gasification and the minimum
resistance created by the material, the burning process accelerated for a short time (until all
combustion material including the biochar), although the burning process declined, the generator
still supplied warm air for about 20 minutes due to thermal inertia.
5. Conclusions
The advantages of applying energy recovery solutions and increase efficiency on the gasification
boilers are:
- superior recovery of the flue gases heat so their input temperature in the chimney is smaller,
about 170...200C compared to the 250C of the existing boilers;
- complete combustion of gaszgen that leads to diminishing the specific loss by incomplete
combustion;
- reducing the risk of carbon monoxide poisoning;
- the use of wood fuel with a moisture content greater than 20% as primary combustion air has
a higher temperature;
- effectively increasing the efficiency of the boiler from 81 ... 86% to 90%;
- wood fuel saving for the same energy produced by other boilers;
The prototype tested responds to project objectives, works under different power regimes, on the
TLUD principle and it can enter into an industrial design process, after which it can be
manufactured and delivered to the market.
It has been found that the smoke fan is high for operating conditions less than those obtained at
test 1, but for maximum power at test 2 it is well-sized. An improvement could be obtained if the
electronic control panel it can provided an electronic mount for the variation of the fan speed. Thus,
the hot air generator can be shown to operate from a minimum power of 3 kW up to a maximum
power of 24 kW by regulating the air inlet and exhaust gas intake flaps.
If it is desired to introduce hot air into the greenhouse at a lower temperature than that provided by
the generator, it is possible to adapt a mixture of hot air from the generator with fresh air from the
atmosphere until the desired optimal temperature for entering the greenhouse is obtained.
Besides energy recovery of waste, it is also aimed:
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- replacing fossil fuels such as fuel oil, fuel gas and coke (conservation / protection of
resources);
- reducing the impact of CO2 emissions on climate (climate protection);
- reducing the dependence of global markets of energy connected with the cost reduction;
- increase the degree of flexibility of waste management by reducing the amount of residual
waste.
Arguments in support of biomass use:
- diversifying of energy supply;
- replace conventional fuels with high emissions of CO2;
- contribute to waste recycling;
- protects and creates jobs in rural areas;
- possibility of adjusting, automation and control of the system depending on the objective
requirements or heated building;
- high efficiency system.
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Abstract: The paper studies a new system for air injection inside turbines draft tube, with a beneficial effect
on the aquatic environment, leading to a maximum transfer of the dissolved oxygen (DO) into the discharged
water with a minimum energy consumption. To achieve this goal, it is necessary to obtain an interphase
contact area as large as possible, achievable by dispersing the air introduced in the discharged water as fine
bubbles. In order to have a lower influence over the hydraulic circuit, and to affect as little as possible the
turbine efficiency, the studied device is noninvasive. Preliminary experiments were developed using a small
scale laboratory set-up regarding to solutions for water aeration in dispersed gas-liquid, turbulent and with an
adverse pressure gradient flows. Finally, it is developed an automatic control system of aeration device so
that it operates with a minimum energy consumption and also reaching the level of dissolved oxygen
required by the user. The device will only work when there is a deficiency of oxygen in the water and will
permanently ensure compliance with the water quality norms related to the dissolved oxygen content of the
water in the downstream rivers of the hydro power plants (HPP).
Keywords: Environmental friendly turbines, turbine aeration, water quality, dissolved oxygen, automatic
control system

1. Introduction
On the international level the main energy suppliers and hydroelectric equipment manufacturers in
Europe (Voith, General Electric, Andritz) and SUA (Tennessee Valley Authority) have responded to
environmental concerns regarding HPP operation since 1950 and has initiated research aimed at
reducing their environmental impact. Several methods for the modernization of hydraulic turbines
have been implemented in this respect. The efficiency of these aeration methods from air-water
oxygen transfer point of view is analyzed and compared in the literature [1], [2], highlighting the
main aeration parameters: turbine geometry, air quantity, the type and place of the air intake.
Although in some studies of turbine aeration systems carried out at different hydro power plants,
the results were not in line with expectations, research continues because of the significant
importance of aeration on ecosystems. As a consequence of these issues, HPP operators are
trying to optimize the ratio of water quality improvement measures and energy efficiency.
Regarding the level of DO in hydro power plants (HPP) downstream the rivers, there are intense
concerns of hydraulic turbine manufacturers and HPP users. Reduced DO content in rivers is a
pollution factor, which may in some cases reach up to 0-2 mg / l DO, provided that the minimum
level required for aquatic life is about 5 mgDO / l. This value varies depending on temperature /
climate, pressure, organic substances, flora and fauna, which leads to the need for individual case
studies.
In the United States of America (especially on the Tennessee, Saluda and Provo rivers - where
real environmental disasters have been encountered), the turbines have been upgraded to
respond the needs of the environment and the authorities (Water Resource Agencies) have
developed [2] strategies and control systems to improve turbine performance in terms of
environmental impact. During the summer months, at Deer Creek Reservoir, the DO in the
discharged water from the plant was up to 0 ÷ 2 mg / l; this low oxygen value affects the fish over a
distance of 3 ÷ 5 km. The criteria established by the US Environmental Protection Agency in 2006
that water has to satisfy are: minimum 3 mg / l for fish survival, an average of 6.5 mg / l for 30 days
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to protect the fish reproduction/development and at least 4 mg/l for cold water-sensitive
invertebrates.
In Bakun, Malaysia, [3], 88% of the reservoirs contained zero DO in water deeper than 4 m (Fig. 1),
and river water quality is affected up to 3-5 km in downstream of hydro power plants. In order not
to affect the environment, the development of an aeration system is essential in such an area.

Fig. 1. Reservoirs in Bakun – Malaysia [3]

The results of water quality monitoring in Danshuei River, China [4] indicate a high concentration of
phosphorus and nitrogen and reduced DO in water.
Generally, to increase the DO level by 1 mg/l, an air volume equal to 1% of the volume of flowing
water is required [5]. On the other hand, in order not to affect sensitively the hydraulic
performance, the air flow rate must not exceed 3% of the flow rate of the turbined water (relation
1). Current turbine water aeration methods affect the performance of hydropower on the one hand
due to flow disturbance through introduction of air and on the other hand due to the energy
consumption required for injection of air (e.g. a compressor station).
Qair < (1÷3%) Qwater

(1)

This is a sensitive issue for manufacturers and users of hydraulic turbines, since injecting an extra
amount of air into the turbine circuit can reduce the efficiency of the turbine; therefore, air injection
(mode and place of introduction, quantity, etc.) becomes important for the balance between turbine
efficiency and environmental factor.
The efficiency of aeration in HPP is usually expressed by the void fraction


Qair
Qwater ,

(2)

where Qair is air flow rate, respectively Qwater is the water flow rate. Thus, in order to increase the
effect of aeration, other parameters should also be considered: air-water interface area, pressure
gradient, air retention time in the water, the DO gradient upstream and downstream turbine,
distribution of gas bubble size in water, and, as the case may be, the standard aeration efficiency
will be calculated.
2. Laboratory study of rotational biphasic flows with adverse pressure gradient
The test bench on which the testing of rotational biphasic flows with adverse pressure gradient was
conducted [6] aims at studying and testing the small-scale aeration devices, on the basis of which
will be designed the aerators that can be mounted in hydraulic turbines. Emphasis is on the quality
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of the aeration process, respectively on the increase of the air-water interphase area, the retention
time, the pressure drop on the aeration devices, their geometry and their dimensioning, etc.

Fig. 2. Test bench for study of rotational biphasic flow with adverse pressure gradient

The test bench (Fig. 2) is made in a close loop and consists of a supply tank, from which, by
means of a pump, clean water is introduced into a pipe line. The test bench is designed to simulate
flow parameters in hydraulic turbines for the entire operating range of the turbine. To simulate
rotational flow, the stand is provided with a transparent area, conical to the inside and
parallelipipedic to the outside, made of transparent material, consisting of a stator and a divergent
area. In the study area Reynolds numbers between Re = 1 105 ÷ 5 105 are covered. The study
area also includes a dispersed air injection device located downstream of the stator.
The test bench is dimensioned to ensure the minimum contact time in which a particle travels from
the inlet to the outlet draft tube of a Francis hydraulic turbine (at least 10 s) and an average water
velocity of 3 m/s.

Fig. 3. Visualization area of rotational biphasic flow

With the increase of the water flow rate, the rotation impressed by the stator forms a cavitational
vortex (Fig. 3). By introducing dispersed air into the study area, it is possible to study the water
disperse aeration in rotational turbulent flows. Injection of the air will be controlled in accordance
with the DO deficiency in the water through a non-invasive aeration device located on the pipe wall
so as not to influence the flow in the hydraulic circuit. The test bench allows the study reliably of
complex phenomena such as turbulent gas-liquid dispersed flows with adverse pressure gradient,
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where the mass transfer through the interface is a dynamic process associated with the interface
dynamics and the interface area varies along the flow [7].
The test bench is equipped with a dispersing aeration device, with interchangeable plates, through
which air bubbles of different sizes is injected. Thus, four perforated metal plates with orifices of
0.1mm (MP01), 0.2mm (MP02), 0.3mm (MP04) and 0.5mm (MP05) were tested under the
following conditions:
For each perforated plate, the air flow rate injected into the circuit (Qair = 5, 8, 10, 12 l/min)
was varied, and the water flow (Qwater = 1110 l / min) was kept constant
for each perforated plate, the air flow rate injected into the circuit (Qair = 5 l / min) was kept
constant, and the water flow rate (Qwater = 330, 882, 1044, 1110 l / min) was varied.
Table 1 [8] shows the ratio between the injected air flow rate and the flow rate of water flowing
through the laboratory setup, so that the relationship (1) is respected and the aeration process
covers as much as possible the oxygen deficiency in the water.
Table 1: Void fraction (%) for tested MPs
Qwater
(lpm)

MP 01
Qair (lpm)
5

8

10 12

MP 02
Qair (lpm)
5

8

MP 03
Qair (lpm)

10 12

5

8

10

12

MP 05
Qair (lpm)
1
5
8
0

Obs.

1
2

Non cavitational
vortex
Incipient
882 0.57
0.57
0.57
0.57
cavitational vortex
Developed
1044 0.48
0.48
0.48
0.48
cavitational vortex
Developed
1110 0.45 0.7 0.9 1.1 0.45 0.72 0.9 1.1 0.45 0.72 0.9 1.1 0.45 0.72 0.9 1.1
cavitational vortex
330

1.51

1.51

1.51

1.51

The entire procedure for determining standard air efficiency is described extensively in [8].
Table 2: SAE variation depending on air and water flow
Qwater
(l/min)
5

MP 01

MP 05

Qair (l/min)

Qair (l/min)

8

10

12

5

330

377

408

882

992

1017

1044

1117

1018

1110

1112

1797

2176

2759

1083

8,5

10

12

1826

1899

2041

Table 2 shows the standard aeration efficiency (SAE) for 0.1, respectively 0.5 mm orifices plates
resulting from aeration tests.
For a better understanding of the behavior of the injected air controlled in a site hydraulic turbine,
flow visualizations from the inside of the turbine were performed, in the air injection area, through
the proposed demonstration model. Although the demonstration model for turbulent water aeration
is not shown in this paper (existing a patent application for it), fig. 4 shows two photographic
captures within the suction cone when the turbine was running at a relatively high flow rate of
57.1% and a 1% voids fraction. For this, an borescope camera with a 90 x 8 mm x 440 mm (67)
HOPKINS lens and a "Techno LED Nova 150" light source, 100 - 240 VAC, 50/60 H.
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Fig. 4. Photographic captures in the injection area from a hydraulic turbine

n
(3)
3
These visualizations allowed validation of the air distribution injected inside the flow section. The
injected air does not remain in the boundary layer of the wall but is distributed about one-third (out
of) the draft tube section. The frequency with which air is injected in the presence of the rope
vortex depends on the turbine rotational speed after the relationship (3).
Details about aeration process influence over the operation of a small hydro turbine - generator
unit, are presented in [9]. The paper presents the frequency analysis of vibration signals recorded
during a turbine-generator unit in operation, while different air flow rates are injected downstream
the runner. From the dynamic behavior point of view, this paper show that the controlled injecting
air into water downstream the runner has no negative influence over the operation of the unit.
finjection 

4. Integration of the aeration device into an automated water aeration system
The automation of the aeration system discussed in this paper is required to control the air fraction
injected into the hydraulic circuit, depending on dissolved oxygen in the water and the turbine
operating regime. Air injection control also reduces shocks
A LabView program it was developed to help to integrate the aeration device into an automated
water aeration system, by simulating the device in different operation modes. In situ
measurements' results were used in simulation.
The aeration device will only work when the dissolved oxygen measured in turbined water is lower
then the limit set by operator (ODm ≥ ODi) to comply with river water quality regulations.
Figure 5 shows the conceptual block diagram of the automated aeration system for turbined water.
The algorithm for automatic adjustment of the oxygenation process is based on the pressure level
in the draft tube cone. The algorithm follow the steps described below

aux:
compressed air
station
turbine generator

aeration
device

s
e
n
s
o
r
s

measuring
system and data
acquisition

Control Center
HPP

driver

data interface

user interface

postprocessing of
measured data

automatic
oxygenation
regulation algorithm

settings

downstream
HPP

Fig. 5. Conceptual block diagram of the automated aeration system
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Air velocity at inlet after the realtion (4):

v


dp  2g dp

, with dp  patm  pasp
 air
dp

(4)

Computes Qair for different varying degrees of opening of the inlet valve, as follows
Qair min = Qwater ϕmin
Qair max = Qwater ϕmax
Qair hϕ = Qwater hϕ

START

INPUT
system parameters

- Maximum air inlet section
- Number of air intakes
- Electrovalve opening degree
- Execution period

- disolved oxigen threshold with hysteresis
- air fraction thresholds with hysteresis
- limit for air flow correction factor
- air flow

INPUT
process
parameters

INPUT
measured values

- dissolved oxygen
- pressure drop (dp)
- water flow
- air flow

Is OD in limits?
NO

YES

OUTPUT
Aeration ON

OUTPUT
Aeration OFF

STOP

calculate air
velocity function of
dp

calculation of
required air flow

calculation of air
flow for maximum
valve opening

calculation of air
flow correction
factor

calculation of
required valve
opening

Limiting output
values

Limiting output
values

OUTPUT
air flow correction
factor

OUTPUT
valve opening
degree

STOP

STOP

STOP

Fig. 6. Logic scheme of the algorithm for automation of the oxygenation process

The logic scheme of the automatic regulation of the aeration process is shown in Fig. 6.
Input variables:
 ODm [mg/l] – Dissolved oxygen measured from the downstream turbine water
 pasp [bar] – Relative pressure measured on the wall of the turbine CON ASPIRATOR
 Qwater [m3/h] – Turbinated water flow rate
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 Qair [m3/h] – Measured injected air flow rate
Output variables:
 S [ur] – opening degree of the air inlet valve
 Qair_fcor – air flow rate correction factor
Parameters:
 ODi [mg/l] – Dissolved oxygen level required downstream of HPP
 ± hOD [mg/l] – hysteresis value for ODi threshold to start/stop the aeration device






Qair
[%] – the minimum / maximum permitted air fraction to be introduced into the
Qwater

hydraulic circuit
hϕ [%] – hysteresis value for minimum and maximum air fraction thresholds to start/stop the
aeration device
correction factor – limiting factor of the air intlet valve opening

Fig. 7. LabView implementation of the automatic aeration algorithm

In order to verify the stability of the algorithm, a test program was developed in which the input
variables are automatically generated. This helps to check the limits imposed on the output
variables. Figure 8 shows the pressure difference variation (dp = pasp - patm) as well as the
response of the algorithm: the valve opening degree (S) and the air flow rate correction factor
(Qwater_fcor).
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Fig. 8. Stability check of the algorithm

Fig. 9. Graphical user interface of the automated aeration system

Figure 9 shows the graphical user interface of the automated water aeration system, which allows
the operator to monitor the automatic aeration process (shown in Fig. 6), configuration of the
parameters, the connection with the data communication interface and manual override of the
aeration process.
5. Conclusions
Because, at the moment, there is no water aeration solution easy to implement, without damaging
the energy performance and efficient from the aeration point of view, makes it difficult to comply
with current legislation if the HPP water is poor in dissolved oxygen. This can lead to real
ecological disasters.
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In this paper is study a disperse nonintrusive aeration solution in turbulent flows corresponding with
hydraulic turbines flow. Models of air injection devices are tested at reduced scale, and different
void fraction (ϕ ≤ 1-3%) are injected into the hydraulic system. For this it was developed a test
bench for study of rotational biphasic flow with adverse pressure gradient where the flow
parameters are in according with flow parameter from the draft tube turbine: water mean velocity,
air-water contact time, rotational flow with cavitational vortex, adverse pressure gradient.
After laboratory study of the aeration devices behavior, a real scale aeration equipment is
implemented and tested in situ on a Francis turbine, currently being patented and protected by
copyright. Finally, an automated system for controlling the aeration device is developed, in order to
operate with minimum energy consumption and to reach the level of dissolved oxygen imposed by
the user. The aeration equipment works only when, in turbined water there is an oxygen deficiency,
to ensure constant compliance with water quality standards, relating to the dissolved oxygen
content of river water downstream of hydropower plants.
We appreciate that hydraulic turbines fitted with the proposed equipment will become
environmental friendly turbines because it can be proven that the turbined water through them will
consistently meet the ecological quality requirements
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Abstract: Electric motors are a significant consumer of electricity, so over time they have been improved.
From the point of view of energy consumption, the main parameter of an electric motor is the efficiency. This
paper describes an electric motor that combines two electric machines, a transformer and an electric motor,
in order to improve the efficiency.
Keywords: Electric machine, high efficiency, permanent magnet, reduced loss

1. Introduction
Since the start of the industrial revolution, global energy consumption has been steadily increasing,
thus encouraging and accelerating the growth of the human standard of living. One of the
indicators of a nation’s economic development is the per capita energy consumption index. For
example, the United States, which accounts for about 5% of the global population, consumes
about 25% of the world’s energy.
At global level, the largest amount of energy is consumed by electrical machines (about 80% of the
whole electricity that is used) used in the production, transport and distribution of electricity, the
operation of industrial and household equipment and so on.
2. Existing legislation in the field of increasing the electric machines efficiency
With the reduction of the fossil fuels reserves and the increasing demand for electricity, an action
to improve the efficiency of electromechanical conversion processes has been initiated. This
approach led to a gap in European standardization (CEI and CENELEC) compared to the national
standardization of some states (Canada and USA).
The comparison between the two approaches regarding the increasing of the electric motors
efficiency is shown below:
USA-Canada

European Union

Written e - PACT laws
Minimum efficiency for 2, 4 and 6 poles and 60
Hz motors is provided in the power range of 1200 HP (0.75-150 kW):

Voluntary obligations developed by CEMEP for
2 and 4 poles and 50 Hz motors with shortcircuit rotor in range 1.1-90 kW:
- classification of yields (Eff3, Eff2, Eff1);
- big discounts on the market for Eff3 engines.

The efficiency should be selected from the
NEMA MG1 rough steps values.

There is no degradation of the exact value for
efficiency.
Tolerances allowed after CEI 60034-1
- 15% loss on motors < 50 kW;
- 10% loss on motors > 50 kW.

The yield is an average value of a number of
engines of the same construction. It is
permissible that the output of a single engine
to be down to 2 steps in the table.
IEEE 112B Measurement Process with
Modified Execution Conditions.

Verification by individual measurement
according to IEC 60034-2 by the loss
separation method.

Efficiency is proven through accredited
measurement laboratories.

The proof based on the manufacturer's
declaration is the Eff 1 ÷ 3 label.
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Regarding the recommendations of CEI and CENELEC, the Technical Committee 2/CEI has
developed the standard 60034-30-1: “Maşini electrice rotative. Partea 30-1: Clase de randament
pentru motoarele asincrone trifazate cu rotor în scurtcircuit, cu o singură turaţie (Cod IE)”.
Electric motors with four poles

100

IE 1
IE 2

95
IE 3

90

85

Efficiency [%]

80

75

Standardized power of electrical motor [kW]

70
0

50

100

150

200

Fig. 1. The variation of the efficiency of electric motors according to efficiency classes IE1, IE2, IE3

3. Operating regimes of electric machines
An electrical machine can operate in several types of operating regimes:
a) In motor regime, the electrical machine absorbs power from the grid at the stator winding
terminals and supplies mechanical power to the shaft. This mode of operation is the most used, the
balance of power being shown in the figure below:

Fig. 2. The balance of power of an electric motor

where:
P1 - the electrical power absorbed by the stator winding;
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PM – electromagnetic power (transferred to the rotor by electromagnetic field);
Pmec – mechanical power;
P2 – power to the shaft;
pJ1 – Joule effect losses from stator winding;
pFe – losses in the ferromagnetic core;
pJ2 – Joule effect losses from rotor winding;
pmecv – mechanical and ventilation losses.
b) Operation in the generator regime.
If the electric machine is driven by an auxiliary motor at a speed n and the magnetic circuit is
driven by a magnetic field whose value can be changed by changing the value of the electric
current through the inductor winding, than the operating regime changes. So, that electrical
machine works in the generator regime.
In this operation regime, the machine receives mechanical power on the shaft (from auxiliary
motor) and delivers electrical power to the stator winding terminals. The power balance is shown in
the figure below:

Fig. 3. The balance of power of an electric generator

c) Brake operation regime
In this case, an electromagnetic brake is applied and the machine is trained externally in the
opposite direction to the stator field (W<0, s>1). The machine receives mechanical power on the
shaft, electrical power on the stator winding terminals and, after the losses are covered, the entire
output power is dissipated on the rotor.

Fig. 4. The balance of power in brake operation regime

4. Solutions to reduce the losses in electric machines
Until now, a series of technical solutions have been developed to reduce the losses of the electric
machines. Among them, the followings are presented:
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- Use of copper in the asynchronous motors rotor winding; this solution leads to a decrease in the
electrical resistance value in the rotor circuit and implicitly of the associated Joule effect losses;
- Insertion of permanent magnets into the rotor magnetic circuit, thus ensuring the magnetization
of electric machines;

(a)

(b)

(c)

Fig. 5. Inductor construction details
Two assembled modules (a), expanded view (b) and physical construction (c)

The motor with permanent magnets has a squirrel cage that provides self-starting, combining the
advantages of the synchronous motor, related to the absence of the main Joule effect losses in the
rotor, with the self-starting advantages of asynchronous motor with the rotor winding in shortcircuit. In this way, exploitation and production losses can be reduced.
Since is no longer necessary to provide reactive magnetizing current of the magnetic circuit, the
presence of permanent magnets presents advantages over normal asynchronous motors. The load
factor and Joule losses decrease.
- The use of special windings in the stator’s electrical circuit adapted to the demands of the electric
motors and made by combinations between the coils of each phase and multiple star / delta
connections.

Fig. 6. Combination star-delta winding. Defining the spatial relative position

Combined star – triangle windings had long been used to reduce triangular start - up current for
step - wise start - up of asynchronous motors, especially fast 2 - pole motors, which drive large
inertial loads.
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For achieving this winding, it is assumed that in the notches uniformly distributed at the periphery
of the electrical machine armature, two distinct winding systems are located - one connected in a
triangle and the other connected in a star. It is also considered that the phases of the star are
connected in series with the triangle. Otherwise, there are extreme demands in the electric
machine.

Transient torque (Δ) [Nm]

.

Transient torque (Δy) [Nm]

Transient torque (Y) [Nm]

Fig. 7. Transient start-up regime for three combinations

For a 4 kW - 1500 rpm electrical motor provided with such windings, by using these 6 connection,
were obtained in load function 4 / 3.25 / 2.5 / 2 / 1.75 / 1.35 kW.
5. The proposed solution for transverse geometry
A group of researchers from INCDIE ICPE - CA proposed and achieved within a research contract
(NUCLEU no. PN 16110102/2016 contract) a new transverse geometry of the electrical machine.
The technical solution has several advantages, as follows:
- the active materials used in its construction are those currently marketed and used in the
manufacture of electric transformers;
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- the ferro-silicon sheet has smaller thicknesses of 0.1 ... 0.3 mm than the one used in the current
electric machines, namely 0.5 mm;
- due to the reduced sheet thickness, the hysteresis losses and eddy currents are lower;
- the sheets used have oriented crystals and presents a higher value for magnetic saturation,
namely 1.85...2T, compared to the classic values of 1.6 to 1.8T.

Fig. 8. The exploded machine assembly with modified transverse geometry with axially and conically air gap

The magnetic circuits have the form of columns while the stator windings are in the form of
cylindrical coils along the columns. This solution has also the advantage of removing the front ends
of the coils; as it is known, they do not contribute to the creation of mechanical torque in the shaft
in the case of motors, and respectively to the increase of the supply voltage in the generator
operation regime. At the same time, for winding operations, the winding is not inserted into the
slots, so a significant number of device, tools and verifiers are eliminated, and the execution time is
reduced.

Fig. 9. Map of magnetic induction distribution inside the motor with axial air gap
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Fig. 10. Electric motor with axial air gap
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Fig. 11. Mechanical torque generated by permanent magnets at the shaft of axial drive machine with axial air
gap

The magnetic rotor circuit, achieved of two subassemblies, is made of a number of magnets and
possibly magnetic flux concentric pieces.
6. Conclusions
Over time, increasing electric motor performance has been an important concern for mankind.
Different technical solutions have been applied, which generally refer to the increase of the
consumptions of the active materials, respectively to the decrease of the electro - magnetic loads.
By comparing the solutions applied so far to the one promoted by INCDIE ICPE-CA, it was found
that the value of the efficiency can be increased in the conditions of using existing active materials.
Taking into account the proposed transverse geometry and the advantages stated above, it results
that higher-performance electric machines can be obtained. Eliminating the losses in the electric
machine leads to obtaining a return in a higher class.
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Abstract: The OSTEC project proposes an open IT environment for the scientific community to store and
reuse data and scientific results. At European level, the Cloud Initiative is an important step in the evolution
of "big data" exploitation by researchers. OSTEC project proposes the implementation of open access
technology and scientific services, making possible to displace, exchange and reuse their data without
discontinuities at global scale, for interdisciplinary research approaches.
Using ICI's cloud infrastructure, the project proposes to create a research data warehouse in our country and
an associated cloud platform for storage, exchange, management, use and re-use of data. UPB will develop
a management model for cloud platform data and services, for project development and sustainability with a
governance proposal outlining and overseeing the future development of the cloud platform and
interconnection at EOSC, based on its social and economic impact, demonstrated by INCE's contribution.
The project will exemplify a demonstration pilot, conducted by ICPE-CA and INCDMTM, by using a predefined service portfolio, offered to the scientific community. In this way, the institutional capacity of the
consortium of the OSTEC project will be increased and concretized through the development of a training
and education strategy, as part of a process of long life learning mechanism of RDI staff from public or
private organizations.
Finally, we follow the development of standards and an incentive framework to address both the OSTEC
consortium organizations and other stakeholders, destined to develop the capabilities necessary to
operationalize an open science platform in cloud technology in Romania and its interconnection with EOSC.
Keywords: Open Science, Cloud Technology, “Big Data” Mining, FAIR Services, Open Access

1. Introduction
On 12 June 2017, the European Commission organised the EOSC Summit, Europe’s moment of
commitment to the European Open Science Cloud (EOSC) [1]. The Summit was a success in
many respects. The Summit brought together, from all over Europe, 110 players that are key for
the implementation of the EOSC. Participation was highly representative, including scientific fields,
national scientific infrastructures, research funders and ministries of Member States and
Associated Countries.
At the Summit, 110 key participants reviewed five key areas of EOSC implementation, based on
specific input papers:
1. data culture, data stewardship: practical and policy tools;
2. adoption and implementation of FAIR data principles [2];
3. research data infrastructures and services;
4. sustainable funding & governance;
5. high-performance computing, big data and super connectivity.
The Summit provided strong support for the implementation of the EOSC and marked a step
change in the initiative. There was strong agreement on data culture, on the need for FAIR data
and on the need to develop and gear supporting infrastructure of services; there were agreements
and no fundamental objections on the much-debated issues of services, governance and financing.
The intents of the input papers were broadly shared and further specified. This all supported the
need to act immediately and swiftly in the next few months to keep the momentum achieved by the
'coalition of doers'. Participants demonstrated a strong sense of commitment towards the
implementation of the EOSC. They agreed that the EOSC is a truly common European project
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which will ensure long term sustainability and support Europe to become a key player in research
data.
The EOSC Summit also marked a clear division of labour between research policy makers and
funders (Member States and the EC), and implementing stakeholders such as national
infrastructures, projects and initiatives. Both scientific stakeholders and Member States must be
engaged in the making of the EOSC via dedicated channels.
Based directly on the results of the Summit, DG Research and Innovation drafted the EOSC
Declaration. Straight after the Summit, all session Chairs and Rapporteurs worked hard to draw
conclusions from the event. They revisited the input papers to factor in the commitments and
introduced several clarifications. The Declaration is composed of 33 high level statements meant to
capture our common understanding on the required Data culture & FAIR data, Research data
services & architecture, Governance and funding to make the EOSC a reality by 2020.
2. EOSC Declaration
RECOGNISING the challenges of data driven research in pursuing excellent science;
GRANTING that the vision of European Open Science is that of a research data commons, widely
inclusive of all disciplines and Member States, sustainable in the long-term;
CONFIRMING that the implementation of the EOSC is a process, not a project, by its nature
iterative and based on constant learning and mutual alignment;
UPHOLDING that the EOSC Summit marked the beginning and not the end of this process, one
based on continuous engagement with scientific stakeholders, the European Commission;
PROPOSES that all EOSC stakeholders consider sharing the following intents and will actively
support their implementation in the respective capacities:
2.1 Data culture and FAIR data
[Data culture] European science must be grounded in a common culture of data stewardship, so
that research data is recognised as a significant output of research and is appropriately curated
throughout and after the period conducting the research. Only a considerable cultural change will
enable long-term reuse for science and for innovation of data created by research activities: no
disciplines, institutions or countries must be left behind.
[Open access by-default] All researchers in Europe must enjoy access to an open-by-default,
efficient and cross-disciplinary research data environment supported by FAIR data principles.
Open access must be the default setting for all results of publicly funded research in Europe,
allowing for proportionate limitations only in duly justified cases of personal data protection,
confidentiality, IPR concerns, national security or similar (e.g. 'as open as possible and as closed
as necessary').
[Skills] The necessary skills and education in research data management, data stewardship and
data science should be provided throughout the EU as part of higher education, the training system
and on-the-job best practice in the industry. University associations, research organisations,
research libraries and other educational brokers play an important role but they need substantial
support from the European Commission and the Member States.
[Data stewardship] Researchers need the support of adequately trained data stewards. The
European Commission and Member States should invest in the education of data stewards via
career programmes delivered by universities, research institutions and other trans-European
agents.
[Rewards and incentives] Rewarding research data sharing is essential. Researchers who make
research data open and FAIR for reuse and/or reuse and reproduce data should be rewarded, both
in their career assessment and in the evaluation of projects (initial funding, review of performance
and impact). This should go hand in hand with other career policies in universities and research
institutions (appointments, promotions etc.).
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[FAIR principles] Implementation of the FAIR principles must be pragmatic and technology neutral,
encompassing all four dimensions: findability, accessibility, interoperability and reusability. FAIR
principles are neither standards nor practices. The disciplinary sectors must develop their specific
notions of FAIR data in a coordinated fashion and determine the desired level of FAIR-ness. FAIR
principles should apply not only to research data but also to data related algorithms, tools,
workflows, protocols, services and other kinds of digital research objects.
[Standards] The EOSC must be underpinned by minimal and rigorous global standards for open
research data, as well as standards for EOSC based services for collaboration through the EOSC
(e.g. to facilitate inter-disciplinarity and avoid fragmentation). These standards (technical, semantic,
legal and organisational) must combine long-term sustainability with optimal freedom of local
implementation. They should be jointly defined by the research communities, taking into account
existing instruments (e.g. EU Rolling Plan on ICT Standardisation). Cross-disciplinary
agreements/protocols will lead to specific standards, inspired directly by relevant domain specific
needs. Variations across scientific disciplines and their specific efforts of making research data
open and FAIR should be respected.
[FAIR Data governance] The design and implementation of FAIR principles must be built upon
inclusive stakeholder participation (e.g. researchers from different scientific disciplines, EU
Member States and the European Commission). Policy will go hand in hand with the
implementation of technical and human resources, and a social infrastructure including education
and training. To make FAIR data a reality, it is imperative to engage stakeholders and relevant
multipliers, based on a solid stakeholder engagement strategy, on inter-institutional arrangements,
well-established frameworks and decision making flows. Data governance needs to be agreed
upon and the division of responsibilities be charted, ensuring transparency, representativity and
accountability. European and national scientific research organisations, publishers and other actors
must align their data-related business processes, responsibilities and expectations to achieve
commonly agreed goals.
[Implementation & transition to FAIR] Implementation of FAIR principles requires careful
prioritisation and orchestration. The FAIR Data Action Plan 2018-2020 is an important collaborative
instrument for the embedding of FAIR principles in the first phase of the EOSC.
The plan will not necessarily suggest any specific technology, standard or implementation solution.
For an even transition of data from different levels of maturity to FAIR, existing activities to make
data FAIR (e.g. GO-FAIR) must be complemented by new initiatives that embed FAIR principles in
all the phases of data life cycle.
[Research data repositories] Trusted research data repositories play a fundamental role in modern
science. Scientist must be able to find, re-use, deposit and share data via trusted data repositories
that implement FAIR data principles and that ensure long-term sustainability of research data
across all disciplines. Data repositories must be easy to find and identify, and provide to users full
transparency about their services.
[Accreditation/certification] Scientists must be assured that the European and national scientific
research infrastructures where they deposit/ access data conform to clear rules and criteria (e.g.
certified) and that their data is FAIR compliant. An accreditation or certification mechanism must be
set in place based on agreed processes and an accreditation or certification body must maintain an
up-to-date and accessible catalogue of certified repositories. Experience from existing
accreditation processes must be taken into account.
[Data Management Plans] A key element of good data management is a Data Management Plan
(DMP); the use of DMPs should become obligatory in all research projects generating or collecting
publicly funded research data, based on online tools conforming to common methodologies.
Funder and institutional requirements must be aligned and minimum conditions for DMPs must be
defined. Researchers' host institutions have a responsibility to oversee and complete the DMPs
and hand them over to data repositories.

425

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
[Technical implementation] While FAIR data must be implemented as part of good data
governance at this highest possible level (e.g. certification, institutional implementation and
support, as describe above), researchers also need handy tools to make data FAIR.
These include:
[Citation system] A data citation system should be put in place to reward the provision of excellent
open data. This will assist both the assessment of researchers and their projects, and help
implementing the findability, accessibility, interoperability and reusability of research data.
[Common catalogues] There must be catalogues (e.g. for datasets, services, standards) based on
machine readable metadata and identifiable by means of a common and persistent identification
mechanism that will make research data findable via an 'EOSC Portal'.
[Semantic layer] Research data must be both syntactically and semantically understandable,
allowing meaningful data exchange and reuse among scientific disciplines and countries.
[FAIR tools and services] Easy access must be available to a common set of FAIR tools and
services, to guide the curation of FAIR data for re-use and to assess FAIR compliance.
[Data expert organisations] The Research Data Alliance, CODATA, DDI Alliance and other
organisations active in the research communities must be used as forums to reach consensus on
practical implementation of FAIR data principles at European and global level.
[Legal aspects] It is essential for the success of EOSC to clarify and address the legal uncertainty
of Open Access to research data, as well as the correct legal implementation of the FAIR
principles. Legal barriers to access and reusability of research data must be identified and
overcome and the underpinning legal framework must be made simpler and more coherent.
Conversely, issues of ownership must be addressed, particularly where institutions have created
services and resources. All these measures should allow easier integration of research data across
different legal frameworks, policy implementation plans and strategies.
2.2 Research data services and architecture
[EOSC architecture] The EOSC will be developed as a data infrastructure commons serving the
needs of scientists. It should provide both common functions and localised services delegated to
community level. Indeed, the EOSC will federate existing resources across national data centres,
European e-infrastructures and research infrastructures; service provision will be based on localtocentral subsidiarity (e.g. national and disciplinary nodes connected to nodes of pan-European
level); it will top-up mature capacity through the acquisition of resources at pan-European level by
EOSC operators, to serve a wider number of researchers in Europe. Users should contribute to
define the main common functionalities needed by their own community. A continuous dialogue to
build trust and agreements among funders, users and service providers is necessary for
sustainability.
[Implementation] Resources, components and initiatives of pan-European relevance will be
federated on the basis of objective criteria, agreed by stakeholder-driven governance, such as
organisational readiness and technical capacity to deliver EOSC main functionalities: provision of
core common services, certification activities, joint-procurement initiatives, definition of minimum
quality standards of service (based on clear Service Level Agreements SLAs), identity provisioning
and management, common cataloguing data and computing/analytic services and tools.
[Legacy] The EOSC should incentivise the re-use of existing building blocks, state-of-the-art
services and solutions delivered by past and ongoing projects, local, national and European, as
opposed to subsidizing actions aiming at reinventing the wheel. It should facilitate learning from the
past, adopting best practices, tailoring scientific community needs through live use cases and
leveraging the network effect.
[User needs] Users should see the EOSC as a one-stop-shop to find, access, and use research
data and services from multiple disciplines and platforms. Services and functionalities shall be user
driven and determined by clear use cases. Intermediary users and other brokers of end-users'
demand – IT departments, umbrella associations, community networks – should assist data
scientists and ICT specialists in the identification of key requirements for EOSC services.
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[Service provision] Research Data Infrastructures, e-infrastructures and commercial operators will
develop and provide services based on user needs, and discontinue provision when not justified by
the level of adoption. Services will be offered at highest Technology Readiness Levels (TRLs) and
kept future-proof based on a cutting-edge cloud based environment. In order to avoid lock-in by
individual service providers, the EOSC should foster fair competition of public, PPP and private
providers on clear value propositions of highly professional services.
[Service deployment] The EOSC shall support different deployment models (e.g. Infrastructure as
a Service, Platform as a Service, Software as a Service), to meet the needs of communities at
different levels of maturity in the provision and use of research data service. The EOSC shall
support the whole research lifecycle by strong development at platform level that facilitate the
provision of a wide set of software, infrastructure, protocols, methods, incentives, training, services.
Software sustainability should be treated on an equal footing as data stewardship.
[Thematic areas] The EOSC shall promote the co-ordination and progressive federation of open
data infrastructures developed in specific thematic areas (e.g. health, environment, food, marine,
social sciences, transport). The EOSC will implement a common reference scheme to ensure FAIR
data uptake and compliance by national and European data providers in all disciplines.
[Research infrastructures] The role of ESFRI [3] and EIROFORUM research infrastructures and
organisations in the EOSC will be enhanced, Member States and the European Commission made
significant investment; research infrastructures should be 'the steward of the community of
standards' and provide scientists with a ramp-up for the utilisation of the EOSC.
[EU-added value and coordination] The EOSC must implement policy hand in hand with
technology. Condition of national and European measures is required to link the initiative to
national strategies, to maximise the added value of inter-disciplinarity by making data FAIR, and to
preventing duplication of efforts and investments. Over time, coordination will provide
European added value by minimizing overlap and reducing fragmentation of infrastructures and
services, helping long-term sustainability.
[High Performance Computing and the EOSC] European commitment to HPC is clearly
demonstrated by the signature of the EuroHPC Declaration by eight Member States since March
23, 2017. The Member States agreed to work together and with the European Commission in the
context of a multi-government agreement called EuroHPC for acquiring and deploying by
2022/2023 a pan-European integrated exascale supercomputing infrastructure that will support
data-intensive advanced applications and services. It is a response to the surging demand from
scientists, industry and the public sector for access to leading-edge computing capacity to cope
with vast amounts of data produced in almost all scientific and engineering domains. This
supercomputing and data infrastructure could support the European Open Science Cloud by
providing data access and advanced computing and data management services. The EC plans to
propose, by end of 2017, a legal instrument that provides a procurement framework for the
exascale supercomputing and data infrastructure.
[Innovation] The EOSC should create a level playing field for businesses and innovative SMEs to
develop, and co-develop with publicly funded institutions, added-value services for researchers.
Funding should support the migration of cutting-edge solutions to the EOSC, increasing European
added value by fostering innovation.
2.3 Governance and funding
[Governance model] A long-term, sustainable research infrastructure in Europe requires a strong
and flexible governance model based on trust and increasing mutuality. As interdisciplinarity is one
of the main objectives of the EOSC, the governance model should be based on representativity,
proportionality, accountability, inclusiveness and transparency.
[Governance framework] The EOSC governance framework will be co-designed, stakeholder
driven and composed of three main layers: 1) institutional, including EU Member States and
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European Commission 2) operational, including a governance board and relevant working
committees (e.g. thematic and functional) and 3) advisory, including a stakeholder forum.
[Governance board] A governance board will coordinate the efforts of stakeholders endorsing the
EOSC Declaration, with the broad mandate to reach practical agreements for the implementation
of an EOSC Roadmap by 2020. The board will have an advisory role and an implementing role of
the decisions by Member States and European Commission concerning the programming,
financing and towards the setting up of a long-term governance and business model for the EOSC.
It will make best use of the outcomes of past and current projects (e.g. EOSCpilot, eInfraCentral
and EOSChub) and independent expert advice and studies.
[Coordination structure] A coordination structure, funded by Horizon 2020, will help the governance
board to manage the implementation, according to agreed rules and methods of stakeholder
participation. The structure and its participating entities should be accountable for the
responsibilities assumed, based on an objective assessment of their level of readiness in delivering
the EOSC main functionalities.
[Long-term sustainability] The European Commission, Member States and Research Funders will
use existing and future resources strategically, to ensure long-term sustainability of open research
data and research infrastructures, facilitating inter-disciplinarity.
[Funding] Over time, a co-funding mechanism mixing different revenue streams for the EOSC will
be set up, to increase the accountability of the governance, building trust, sharing resources and
building long-term capacity for European research data. Early implementation of the EOSC will
pilot innovative business models and support an integrated data and service platform for European
research.
[Global aspects] The EOSC will be European and open to the world, reaching out over time to
relevant global research partners. It will increase the global value of open research data and
support stakeholder engagement, including researchers and citizens. It will gradually widen the
initiative to federated network of infrastructures and nodes from global research partners. The
EOSC Stakeholder Forum will have an important role in this sense.
3. EOSC Declaration Action List
3.1 Data culture
European science must be grounded in a common culture of data stewardship, so that research
data is recognised as a significant output of research and is appropriately curated throughout and
after the period conducting the research. Only a considerable cultural change will enable long-term
reuse for science and for innovation of data created by research activities: no disciplines,
institutions or countries must be left behind.
OpenAIRE [4] offered to help to involve research libraries for policy alignment and for a user-driven
approach that also reach the 'long tail of research'.
3.2 Skills
The necessary skills and education in research data management, data stewardship and data
science should be provided throughout the EU as part of higher education, the training system and
on-the-job best practice in the industry. University associations, research organisations, research
libraries and other educational brokers play an important role but they need substantial support
from the European Commission and the Member States.
The League of European Research Universities (LERU) offered to raise awareness and help
develop training activities for staff and doctoral students.
CESSDA [5] offered to help coordinate and organise trainings across ERICs.
3.3 FAIR Data governance
The design and implementation of FAIR principles must be built upon inclusive stakeholder
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participation (e.g. researchers from different scientific disciplines, EU Member States and the
European Commission). Policy will go hand in hand with the implementation of technical and
human resources, and a social infrastructure including education and training. To make FAIR data
a reality, it is imperative to engage stakeholders and relevant multipliers, based on a solid
stakeholder engagement strategy, on inter-institutional arrangements, well-established frameworks
and decision making flows. Data governance needs to be agreed upon and the division of
responsibilities be charted, ensuring transparency, representativity and accountability.
European and national scientific research organisations, publishers and other actors must align
their data-related business processes, responsibilities and expectations to achieve commonly
agreed goals.
OpenAIRE offered to facilitate open science of coordination based on a network of 34 countries we
want to see EOSC have a stronger commitment.
3.4 Implementation & transition to FAIR
Implementation of FAIR principles requires careful prioritisation and orchestration. The FAIR Data
Action Plan 2018-2020 is an important collaborative instrument for the embedding of FAIR
principles in the first phase of the EOSC. The plan will not necessarily suggest any specific
technology, standard or implementation solution. For an even transition of data from different levels
of maturity to FAIR, existing activities to make data FAIR (e.g. GO-FAIR) must be complemented
by new initiatives that embed FAIR principles in all the phases of data life cycle.
The Swiss National Science Foundation offered to coordinate policies on what repositories can be
used (freedom for researchers).
3.5 Research data repositories
Trusted research data repositories play a fundamental role in modern science. Scientist must be
able to find, re-use, deposit and share data via trusted data repositories that implement FAIR data
principles and that ensure long-term sustainability of research data across all disciplines. Data
repositories must be easy to find and identify, and provide to users full transparency about their
services.
The Austrian Science Fund offered to work to extend Re3Data to better understand the data
repository landscape.
The German Research Foundation (DFG) offered to contribute and fund updating of Re3Data.
3.6 Data Management Plans
A key element of good data management is a Data Management Plan (DMP); the use of DMPs
should become obligatory in all research projects generating or collecting publicly funded research
data, based on online tools conforming to common methodologies. Funder and institutional
requirements must be aligned and minimum conditions for DMPs must be defined. Researchers'
host institutions have a responsibility to oversee and complete the DMPs and hand them over to
data repositories.
The Netherlands Organisation for Scientific Research (NWO) offered to contribute to coordination
of criteria for Research Data Management.
3.7 User needs
Users should see the EOSC as a one-stop-shop to find, access, and use research data and
services from multiple disciplines and platforms. Services and functionalities shall be user driven
and determined by clear use cases. Intermediary users and other brokers of end-users' demand –
IT departments, umbrella associations, community networks – should assist data scientists and
ICT specialists in the identification of key requirements for EOSC services.
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PLAN-E & eScience Center offered to help support scientists to translate scientific requirements
into practical services and infrastructural components.
GEO offered to contribute as a broker for interdisciplinary domains: a) climate changes, b) disaster
risk reduction & c) sustainability development goals strategic targets to help define and serve
concrete user needs.
3.8 Service deployment
The EOSC shall support different deployment models (e.g. Infrastructure as a Service, Platform as
a Service, Software as a Service), to meet the needs of communities at different levels of maturity
in the provision and use of research data service. The EOSC shall support the whole research
lifecycle by strong development at platform level that facilitate the provision of a wide set of
software, infrastructure, protocols, methods, incentives, training, services. Software sustainability
should be treated on an equal footing as data stewardship.
3.9 Thematic areas
The EOSC shall promote the co-ordination and progressive federation of open data infrastructures
developed in specific thematic areas (e.g. health, environment, food, marine, social sciences,
transport). The EOSC will implement a common reference scheme to ensure FAIR data uptake
and compliance by national and European data providers in all disciplines.
PLAN-E offered to help and promote implementing FAIR principles for data and software across all
domains.
3.10 Governance model
A long-term, sustainable research infrastructure in Europe requires a strong and flexible
governance model based on trust and increasing mutuality. As interdisciplinarity is one of the main
objectives of the EOSC, the governance model should be based on representativity,
proportionality, accountability, inclusiveness and transparency.
GEO offered to contribute to the development of governance by providing & sharing their lessons.
4. Open Science in Cloud Technology – OSTEC project
Open Science in Cloud Technology - OSTEC is a Romanian initiative, materialized within a project
that proposes an open IT environment for the scientific community to store and reuse data and
scientific results. At European level, the Cloud Initiative is an important step in the evolution of "big
data" exploitation by researchers. OSTEC project targets the implementation of open access
technology and scientific services, making possible to displace, exchange and reuse their data
without discontinuities at global scale, for interdisciplinary research approaches [6].
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5. Conclusions
There is no way back now, but that does not mean that everything is already written in stone. The
European Commission will work with Member States, with the EOSCPilot and to make the most of
the INFRA-EOSC Call, and with research funders regarding open research data policies and tools
in support of the EOSC.
Stakeholder engagement with the initiative will continue and there will be plenty of occasions in
future to engage and make their voice heard. The DG is working with the EOSCPilot project to
ensure that the EOSC implementation takes centre stage at the First stakeholder engagement
event, to be held on 28-29 November 2017 in Brussels. This event could serve as the first, pilot
meeting of a future EOSC Stakeholder Forum in support of the EOSC initiative.
The Commission also announced how it plans to support the EOSC in WP 2018- 2020 to the
Research infrastructures Programme Committee (27 June 2017); the draft was pre-published on 3
October. This support is provided mainly by the Call INFRA-EOSC; the Call covers all the future
key functions of the EOSC, with an overall budget of 270-300 million Euro. The Call is a central
piece in the implementation strategy. Moreover, several research funders expressed a desire to
work jointly to make the most of open, FAIR research data policies, to support their uptake and
implementation. The Commission will work with them in this respect, to ensure full implementation
of the 'data culture' and 'FAIR data' action areas of the Declaration.
Finally, the Commission is strongly committed to working with Member States and Associated
Countries to start discussions of concrete proposals on governance via the Roadmap on the basis
of the draft Declaration. The Roadmap will put forward proposals for governance and funding including a proposal for the future Executive Board of the EOSC. The Commission will work with
the Council via the ERAC Standing Working Group on Open Science & Innovation ('ERAC OSI'),
431

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
1) to gather essential Member State input on the EOSC Roadmap, especially on the design of
governance and on funding levels (MS requested this explicitly), and 2) to ensure that the initiative
is aligned with national strategies for scientific data infrastructures.
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1. Introduction
Hydraulic drives and controls are widely used around the world. The properties of working fluids
enable design simpler, cheaper and more aesthetically pleasing machine designs, replacing
mechanical drive. It is difficult to imagine today's work machine (e.g. excavator, loader, dump truck,
etc.) without hydraulic components and controls.
Energy saving, energy efficiency of machines and equipment, reduction of CO 2 emissions are
the terms we meet more and more often. On the energy efficiency of industrial machinery
and equipment, where energy consumption is highest and where it can save the most money- do
we pay the same attention on it?
Therefore the criterion of energy efficiency of hydrostatic systems is becoming more and more
important. For this reason, intensive work is underway to reduce the demand for hydrostatic power
and to reduce the already existing power losses.
Concept development is also an important stage in the design process of the hydraulic drive
system. A qualitative part of the concept is a schematic diagram of a system, consisting
of contractual symbols representing individual assemblies (elements) of the system. The schematic
of the system can be created in many ways. One of them is to adapt existing solutions or peek into
what the competition is doing. Such approaches are not reprehensible. They are used by many
companies and engineers. However, in market conditions, when we have to meet sometimes
sophisticated customer expectations, they turn out to be in many cases wrong.
To design a schematic diagram of a hydraulic system that works well and satisfies the customer,
it is good to use some method to support creative thinking at the stage of its generation.
The illustrated solutions illustrate the approach to the hydraulic drive design.
2. Design of a new hydraulic power unit
In order to design a schematic of a hydraulic system that works well and satisfies the customer,
it is good to use a method that support creative thinking at the stage of its generation.
One of them is a functional approach to this problem, based on the functional classification
of hydraulic systems.
The analysis of many existing systems has shown that there are two groups of functions:
- basic functions that result directly from the operating conditions of the final object, or more
specifically the actuator (work unit) (e.g. pressure regulation, torque, system load, speed
synchronization,
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- auxiliary functions, which generally result from the specificity of hydrostatic systems
(e.g. technological overload protection, inertial protection, protection against uncontrolled
movement, etc.).
First group includes basic functions (useful), resulting from tasks assigned to machines
and/or equipment. In this group are many functions, but the most important function of which
is speed control of the actuator. It is possible to do in two main ways:
a) throttle control (Fig.1)
b) volume control (Fig. 2)

Fig. 1. Characteristics of the system with partially open throttle valve

Fig. 2. Characteristics of the system with volume control

According to the authors, both methods of speed regulation of the actuators generate large losses.
For this reason, inverters have become increasingly important in electric motors. Particularly they
have important role in the drive fans and rotary pumps. The use of an inverter entails many
benefits, primarily financial. The use of inverters in applications with fans and pumps entails
reduced electricity consumption and no need for additional automation devices.
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Based on the analysis, it was decided to build a prototype hydraulic power supply in which
the generator was to be a gear pump driven by an electric motor. The rotational speed of the pump
was to be provided by the inverter and the entire propulsion system was to replace the piston
pump with a constant pressure regulator. The built-in power supply has been tested for energy
efficiency.
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Fig. 3. Hydraulic diagram of the tested power unit: 1 - electric motor 4 kW, 2 - external gear pump, 3 - inlet
filter, 4 - vent filter, 5 - check valve, 6 - maximum valve, 7 - 8 - throttle valves, 9 - throttle valve, 10 - flow
meter, 11 -CSL oil cooler, 12 - sump filter, 13 - pressure transducer

The dependence of the hydraulic power of the generator as a function of the fluid demand of
the hydraulic receiver shown in Fig. 4 is best illustration of the energy efficiency of the hydraulic
power supply. With maximum liquid demand, power demand in "eco" mode is about 20% lower
than in "normal" mode. This is even more evident with minimal demand for liquid receivers. In this
case, the power demand in the "eco" mode is only 23% of the power required by the "normal"
mode.
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Fig. 4. Dependence of the hydraulic power of the generator as a function of the demand for liquid by the
hydraulic receiver

The main purpose of the research was to determine the energy efficiency of a prototype power
supply with an electronic control system. The economic aspects of this type of solutions
are obvious. The price of the complete electronic control unit is lower than the equivalent system
using a variable-output pump (Table 1).
Table 1. Comparison of different solution

Name (symbol)
Axial piston pump (PFR-206)

Pump with variable displacement
Price
Output
Producer Max. pressure
7182 PLN

3

5,8 cm /rev

ATOS

35 MPa

r.p.m range
600-1800 rev/min

Total amount of money: 7182 PLN
Suggested solution
Output
Producer

Name (symbol)

Price

Gear pump (PS2A-04D-10N)
Inverter (SINAMICS V20)

720 PLN
1755 PLN

3

6 cm /rev
-

Contarini
Siemens

Max. pressure

r.p.m range

25 MPa
-

650-3500 rev/min
-

Total amount of money: 2475 PLN !!!
During the test it was found that in the "eco" operating mode, below the rotational speed of 500
rpm of the electric motor driving the pump, the pressure in the pump discharge manifold starts
to change dynamically and the amplitude values of these changes reach 20% of the value
determined for operation in this mode.
Main savings are achieved by properly programming the pump's running cycle during slow
movements or idling.
3. Modernization of hydraulic drive
In the opencast mines for transporting conveyor belt drive stations, caterpillar trackers of special
construction are used. Drive stations and other equipment are often several times larger than
conveyors. The aim of the study was to improve the technical parameters of the hydrostatic
transport system of the conveyor. By measuring the selected parameters of the system,
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the obtained results were verified on a real object, using the mathematical model of the driving
drive.
In the opencast mines for transporting conveyor belt drive stations, caterpillar trackers of special
construction are used. Drive stations and other equipment are often several times larger than
conveyors. The aim of the study was to improve the technical parameters of the hydrostatic
transport system of the conveyor. After measuring the selected parameters of the system, the
developed mathematical model of the drive system has been verified.

Fig. 5. TUR 600 transporter

The primary source of energy for hydrostatic drives is the Diesel IC engine, which drives
the hydraulic gear units through the distribution gear. Two variable displacement hydrostatic
motors were used for each track, driving the planetary gear of the crawler wheel.
The hydrostatic drive system of the caterpillar consists of:
• multi-piston variable displacement pump and alternating discharge direction,
• two hydraulic motors of variable flow, connected in parallel to the supply line circuit,
• flow control elements.
The pump is equipped with a constant power regulator, while the hydraulic motors in the overflow
valves limit the maximum torque transmitted by the drive system. The diagram of the described
hydrostatic drive is shown in Fig. 6.
The high cost of experimental research and the technical difficulties of their implementation led to
the use of an analytical method to determine the drive load values of caterpillar drive based
on discrete mathematical model, which was then verified in the Bełchatów Mine.
MATLAB with the Simulink software was used to model the equations. Simulink is an interactive
package designed for modeling, simulation and dynamic analysis of continuous, discrete and
mixed circuits.
The results obtained were compared with the results of the measurements. Measurements were
made in real conditions on the lignite coal mine KWB Bełchatów.
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Fig. 6. Scheme of the hydraulic drive system

The measurement program included the determination of parameters for given cycles of load:
• travel forward without load with a right turn,
• slow travel (speed of maneuver v=5-7km/h) forward with load (mass 246T),
• travel with the highest speed (transport speed v = 10 km/h) forward and turn in both directions.
Fig. 7. shows the recorded pressure function in the hydrostatic drive system for the TUR600
transporter during operational measurements. This conveyor was loaded with 245 ton and moved
in 3 degrees inclination.

Fig. 7. Pressure function recorded in the hydrostatic drive system of the TUR600 transporter during
operational measurements.
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Comparing the results of the simulations with experimental results (Fig. 7) it can be stated that they
differ in terms of pressure values. Analysis of the mathematical model and the simulation
of experimental results showed that the differences were due to incorrect initial parameters
or boundary conditions for simulation.
Firstly, it was assumed that the engine speed is 1450 rpm. This assumption is based on the
Cummins engine characteristics. In this rotation range, the engine has the greatest torque.
According to the Technical Operating Document, which was obtained at the KWB Bełchatów,
the nominal engine speed is 1800 rpm and the Cummins engine is set to this value. So regardless
of the load, the engine speed is 1800 rpm.
The second assumption that turned out to be wrong was the pressure in drainage line of the
crawler drive system. For simulation tests it was assumed that the pressure was 1 MPa.
The experimental measurements show that it is 2.4 MPa.
By measuring the pressure values in the drive hydraulic system, the missing data were obtained,
from which some values in the simulation model (eg pressure on the suction line of the pump) were
verified. Measurements also allowed for verification and comparison of real and simulation results.
speed
1.4

1.2
v[m/min]
1

0.8

0.6

0.4

0.2

0

0

20

40

60

80

100
t[s]

120

140

3

160

180

200

3

Fig. 8. Speed of conveyor: Mn = 2260kNm, qs1 = 500cm /rev, qs2 = 1000cm /rev,
ratio of planetary gear i=400.

The picture above (Fig. 8) shows the results of the research with optimal parameters.
The conveyor moves on every terrain (inclination angle, type of soil, wind effect on the machine
and transported load), reaching the expected maneuverability.
The conclusions:
• The designed hydraulic drive system did not meet the design requirements,
• The operation of the system will effectively improve the replacement of one of the hydraulic
motors in the crawler drive to a higher power motor (qs = 1000cm3 / rev).
Verification of simulation models requires appropriate staff, equipment and skills. In our
Department there is a laboratory which has all these qualities.
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4. Laboratory of Hydraulic Drives and Vibroacoustics of Machines
Laboratory of Hydraulic Drives and Vibroacoustics of Machines is one of the most advanced in
the field of hydraulics and vibroacoustic diagnostics on the national and European level. In the
laboratory, in addition to a wide range of courses dedicated to students of the Faculty
of Mechanical Engineering of Wrocław University of Science and Technology, are also carried out
research on the needs of master's theses, doctoral dissertations and research projects as well as
professional measurements on external orders, including industrial ones. The Laboratory is
the only one in the country entitled to attestation of hydraulic components and systems in terms
of radiated noise. The interdisciplinary research team consists of experienced academics of
Wrocław University of Science and Technology who conduct scientific and development
researches in the field of hydrostatic drive for decades. As a result of numerous projects, the
research team of the Laboratory boasts the industrial implementations and important prizes and
awards. The team of the Laboratory continues in developing didactic and research offer, trying to
take care of the highest possible professionalism in the performance of tasks. One of the many
activities of the Laboratory is also conducting trainings in hydraulic drive and control systems for
the engineering staff of enterprises through the implementation of proprietary training programs.
4.1.

Fields of Laboratory activities

In the field of hydraulic systems, machinery and equipment vibroacoustics are carried out
the research regarding [6]:
analysis and synthesis of hydraulic, microhydraulic and pneumatic structures,
design and modernization of hydraulic and electro-hydraulic systems,
design and modernization of hydraulic components,
miniaturization of hydraulic components design,
automation of hydraulic systems control,
durability testing of hydraulic components,
identification of vibroacoustic energy propagation in the environment,
use of vibroacoustic signals for diagnostic purposes,
synthesis of vibroacoustic machinery and signals,
location of vibration and noise sources in hydraulic components and systems and noise
reduction,
passive and active methods to reduce noise and vibration of machines and equipment with
hydraulic systems,
simulation of dynamic phenomena in hydraulic components and systems,
optimization of hydraulic components and systems,
identification of phenomena associated with the flow of fluid in the hydraulic systems,
modeling of viscous and compressible fluid flow with thermodynamic changes,
calculation of multiphase flows, e.g. cavitation.
4.2.

Equipment of the Laboratory

The laboratory is equipped with a stand for testing hydraulic systems Hydro-Prax (Rexroth), a new
generation of components controlled by electromagnetic coils, proportional elements: directional
valves, throttle valves, pressure control valves, check valves, load-sensing valve, and actuators –
hydraulic motors and cylinders [2]. Furthermore, in the system can be used timers, pressure
switches or inductive proximity sensors to implement sequential hydraulic circuits (Fig. 9).
The laboratory has extensive facilities for the design, construction and testing of components,
pneumatic systems and controls enabling the creation of many individual sets for teaching and
research in the field of pneumatic and electric automation, such as systems with timers, limit
switches, pressure and logic elements (Fig. 10).
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Fig. 9. Educational stand with hydraulic components and electrical and proportional control panel

Fig. 10. Test rigs with a set of elements for pneumatic control systems

Additionally, in the Laboratory of high powers, unique test rigs are dedicated for testing seals,
cylinders, valves, including proportional spool valves, servos and for studying cavitation, type
of flow, obliteration and dynamic testing of hydraulic components and systems. Acoustic
reverberation chamber for vibroacoustic tests meets the requirements of ISO 9000 and enables
attestation of machines and devices for vibration and noise, while a set of instruments
for measuring the noise emission with the use of energetic methods with a probe and acoustic
holography allow to identify the noise source and the measurement of sound power by ISO 9614
(Fig. 11 and 12).

Fig. 11. Localization of noise sources in the external gear pump (acoustic probe) [3]
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Fig. 12. Localization of noise sources in the compressor (acoustic holography)

The linear hydrostatic drive simulator Hydropax ZY25 should also be described. It is a research
unit of the propulsion system with reciprocating movement meeting the actual working conditions
of devices with this drive type. The simulator consists of a hydraulic unit, control unit and the
control program (Fig. 13).

Fig. 13. Linear hydrostatic drive simulator

Finally, equipment and wide range of educational offer of Laboratory of Hydraulic Drives and
Vibroacoustics of Machines makes it the perfect base to put into practice the knowledge acquired
during the academic lectures. The didactic offer is addressed to students of various courses and
specializations in the field of vibroacoustics, hydraulic and pneumatic drive and control, but also
can successfully serve the students of other fields i.e. related to electronics. In addition, the
laboratory provides the opportunity to conduct advanced research and measurements at the
request of the industry. Laboratory employees strive to continually improve the didactic and
research offer in order to provide services at the highest possible level.
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Abstract: The development of Romanian clean technologies market is due to legislation, which obliges
polluting companies and intensive resources consumers to retrofit. It is the key-role of research institutes to
aid and built various consortia, in order to develop solutions and clean process technologies. State and
private companies have developed own solutions and green technologies in their research - development innovation departments. Creating a model for the implementation of eco – innovative technologies is a part
of an extensive research, being a component of a virtual hub for eco-innovation, in order to increase the
organizational competitiveness in recycling of waste electrical and electronic equipment and the involvement
of public and private entities in promoting eco-innovation for the development of green economy. The eco innovative technologies implementation model represents a tool to achieve this goal, its interactive approach
leading to obtain a friendly eco - profile for the user organization, that can be visualized by potential partners
and also, to the eco - innovative technology improvement by selecting the best solution, considering the
ecological and technological points of view.
Keywords: eco-innovation, technology, implementation model

1. Introduction
National and international economies are focused on sustainable directions concerning goods and
services production and consumption, in order to keep a clean environment without harming it, no
natural resources depletion or damage of ecosystems.
There are developed and improved many friendly environmentally practices as reducing or
eliminating waste levels and pollutants emissions, improving waste treatment, reducing raw
materials demand and natural resources usage [1].
European Union highlights ideas for sustainable consumption and production, as overall objective
in the EU Sustainable Development Strategy (EU SDS), “by addressing social and economic
development within the carrying capacity of ecosystems and decoupling economic growth from
environmental degradation and Improving the environmental and social performance of products
and processes and encouraging their uptake by business and consumers”.
Between all directions to follow by European Union countries one refers to “increase global market
share in the field of environmental technologies and eco – innovations” [2].
Eco-innovation is more and more present in organizations activities for a sustainable consumption
and production, “that will contribute to improving the environmental performance of products and
increase the demand for more sustainable goods and production technologies”. Its definition
emphasizes the society commitment on environment protection, being “any innovation that makes
progress towards the goal of sustainable development by reducing impacts on the environment,
increasing resilience to environmental pressures or using natural resources more efficiently and
responsibly”[1].
The 10-year strategy proposed by the European Commission on 3 March 2010: Europe 2020 –
represents an advancement of the EU economy, aiming "smart, sustainable, inclusive growth" for
all European countries, focused also on greater coordination of national and European policy.
The most important instrument is represented by the Eco-innovation Action Plan (EcoAP), which
development is oriented on “specific bottlenecks, challenges and opportunities for achieving
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environmental objectives through innovation”, by complementing other Europe 2020 Flagship
Initiatives. The development of EU capacities for a sustainable growth represents an Europe 2020
Strategy priority, also their transition towards a green economy represents a target for the Ecoinnovation Action Plan [3].
Main ideas developed for promoting resources efficiency intend to connect economic growth to a
rational use of resources; that is the purpose of the Roadmap to a resource efficient Europe, that
supports “the shift towards a low-carbon economy, an increased use of renewable energy sources,
the modernization our transport sector and promotes energy efficiency”.
Analyzing the relationship between the Eco-innovation Action Plan and technologies, the first one
is defined like a “tool to identify and implement measures for the deployment of key environmental
technologies”. It is important to strengthen the cooperation between European Union and Member
States, by involving the disseminations of new innovative technologies and promoting appropriate
skills development; these are done by using business environment, especially the small and
medium enterprises (SMEs), to obtain “the development of a strong and sustainable industrial base
able to compete globally”[3].
According to European Council environment targets and to the Kyoto Protocol, in terms of Romanian
involvement in eco-innovation, our country aligns to Members States to the implementation of energyclimate change package, that requires the development of “a new economic model to integrate
environmental concerns into the production process and the resulting products” [2].
Romanian efforts are increased at eco-innovation level of enterprises by the participation in the
“Framework Programme for Competitiveness and Innovation 2007-2013”, the Eco-innovation
component. The purpose to improve the competitiveness and innovation capacity of the European
Community companies is achieved by supporting projects, that aim first application or reproduction
on the market of eco –innovative techniques, products or services relevant to the European Union.
A sub-program regarding entrepreneurship and innovation provides a 430 million euros budget, for
investment activities in eco-innovation projects and facilitating the access to finance for the SMEs
creation and development.
The importance of eco –innovation and attracting investments in new green technologies are
relevant for the achievement of sustainable economic growth. Romania had some recent
ecological improvements, but it is still lagging behind the European Union average, due to the poor
encouragement and insufficient funds, also difficult legislation for the small and medium
enterprises (SMEs) and eco-innovative companies.
However, data show that the SME segment is interested in obtaining grants for eco –innovation, on
account of limited ability to access capital markets. Recent analysis of implemented projects
reveals that more than 50% focuses on improvements processing facilities, equipment to increase
productivity, optimization of the costs of raw materials, utilities, reducing CO2 emissions and
creation of approximately 470 new jobs.
The development of Romanian clean technologies market is due to legislation, which obliges
polluting companies and intensive resources consumers to retrofit. It is the key-role of research
institutes to aid and built various consortia, in order to develop solutions and clean process
technologies. Also, state and private companies have developed own solutions and green
technologies in their research - development - innovation departments [4].
2. The development of the eco-innovative technologies implementation model
Creating a model for the implementation of eco – innovative technologies is a part of an extensive
research, being a component of a virtual hub for eco-innovation in order to increase the organizational
competitiveness in recycling of waste electrical and electronic equipment and the involvement of public
and private entities in promoting eco-innovation for the development of green economy.
The eco - innovative technologies implementation model represents a tool to achieve this goal, its
interactive approach leading to obtain a friendly eco - profile for the user organization, that can be
visualized by potential partners and also, to the eco - innovative technology improvement by
selecting the best solution, considering the ecological and technological points of view.
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It is offered for the user an useful tool to verify his own eco-innovation technology, by drawing his
own profile and by analyzing the influence factors in action; there are also presented several
successful examples from Romanian industry concerning the eco-innovation technologies applied
by companies and innovation centers with activities in the field [5].
By identifying Romanian successful examples and presenting them in the eco – innovation Library of
the EcoInnEWaste platform - authors provide the opportunity for an analysis of a relatively wide large
range of eco - innovative technologies. It is a chance for entrepreneurs to be informed and to find
possible solutions, compatibility or cooperation possibility with other companies involved in waste field.
2.1 The methodology
The first step involves the successful log-on on the EcoInnEWaste hub platform, by entering the
name and the password for an authorized user; this allows to access the Tool: Implementing EcoInnovative Technology.
The structure of the model proves its usefulness by clear specifications in designing its
components, friendly design of the interfaces, so a lot of business environment issues can have
their answers (for producers, users, suppliers or companies interested in Waste of Electrical and
Eelectronical Equipments problems), [5].
The development of the eco – innovative technologies implementation model is based on the
analysis of Romanian enterprises with successfull green technologies and on the possibility to
bring their influence factors to a common denominator. Thus, the model steps to be taken are
following the imposed design specifications:
- Specifying the eco-innovation appliance areas:
- preventive eco-innovative technologies;
- Innovative eco-innovative technologies;
- eco-innovation technologies in Research – Development - Innovation;
- monitoring, surveillance and control,
- specifying the factors that have led to the adoption of eco-innovative solutions;
- specification of the existing resources (human, material, financial)- it is important to hire
highly qualified personnel for the entity who has the appropriate technical and material
endowment for eco - innovation;
- specification of the eco-innovative activity share in the entity's activities, that is necessary to
determine the degree of possible involvement in eco-innovation projects;
- specification of the certification systems at the entity level: quality management and
environmental management applied at the entity level;
- specification of the entity 's experience in eco - innovative activities;
- specification of the main developed eco - innovative solutions;
- specification of the costs and results of the implementation of eco-innovative solutions;
- specification of the relevance of the implementation results of eco - innovative solutions.
The information management interface for eco - innovative technologies is represented by a
screen; the user registers by specifying his organization data, having the possibility of selecting
answers for each step (ticking the buttons), the number of the chosen situation being automatically
passed to the corresponding box on the screen. This situation is presented in Figure 1, the
information to select being written in Romanian, due to the fact the device is offered to the
Romanian business environment.
3. Results and discussions concerning the eco-innovative technologies implementation
model
As a result of design specifications, the interfaces were friendly designed, so, by clicking one of the
presented options, the page with successful / good practice models for the appropriate ecoinnovative technologies can be opened, in pdf format.
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Fig. 1. The Interface of the eco - Innovative technologies implementation model

Design specifications aim to complete the steps mentioned above, to record the data and to obtain
the user's profile, in order to be visualised. So, it is possible to obtain an user-friendly "business
card" by providing information to application owners, also for data management for the users
interested in this domain. With the user's consent, this profile can be made public, after that being
possible to establish business rellations, the user can be contacted by potential partners /
collaborators in the field or himself can represent a model to follow for other users.
There is an wide range of areas where eco-innovative technologies can be applied, design
specifications were made for, ready to take account in viewing profiles.
Areas of eco-innovative technologies that can be consulted and they give business information
include (Figure 2):
- Technologies for sieving and recycling household waste;
- Technologies for water treatment and purifying;
- Research - Development – Innovation;
- Waste sorting systems;
- Technologies for terrestrial works, power stations, environmental protection;
- Research - development in engineering and technology;
- Systems to obtain "green energy";
- Exhaust and industrial filtration installations;
- Integrated industrial ecology services (integrated waste management services);
- Absorbent petroleum products;
- Waste management - treatment and co-processing, energy recovery, WEEE treatment,
incineration disposal, recycling, medical waste management, sorting and transfer stations;
- Noise and vibration monitoring;
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- Decontamination technologies;
- SIP Integrated Construction System, EVOTHERM thermal insulation system;
- Complex technological equipment for refineries, chemical and petrochemical plants, power
plants, environmental engineering;
- Heating systems;
- Environmental Engineering;
- Energetic services;
- Containers for chemical industry, surface coating and galvanotechnics, water and air
purification;
- Design and execution of electrical installations, automation (intelligent buildings and industrial
automation) and electricity;
- Ecological reconstruction services;
- Technologies for monitoring and control the pollution of environmental factors;
- Applications for industrial automation;
- Technology Information Centers, Technological and Business Incubators.

Fig. 2. Profiles visualization to access a good practice model for eco - innovative technologies

The eco - innovative technologies implementation model also offers a component structure that
allows the access and the visualization of a model for choosing the optimal version of an eco innovative technology, by two - steps design specifications within the application.
First step introduces the user in a model worksheet by learning how to analyse and obtain an
optimal version of an eco – product: "eco product application model". It provides the explanation of
file completion for the product case, having the possibility to materialize several functions, taking
into consideration several possible versions of product design and construction, analyzing the
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possibilities and product functions. This is a demonstration how to choose the optimal variant to
obtain an eco - innovative product.
In the case of an eco - technology the situation is similar, being presented in the second step: the
second workheet - "eco technology application" - provides the workspace for the algorithm
presented in the previous worksheet, with the cell connections made ready for the calculations of
user’s data. This interface guides the user in solving the problem, allowing to introduce the specific
influence factors of own eco-technology, guiding the user towards an optimal choice of ecoinnovative technology, (Figure 3 and Figure 4).

Fig. 3. Influence factors involved in achieving the eco-innovative technology

Fig. 4. The analysis of technology versions

The eco - innovative technologies implementation model applies a relatively new method used in
the innovative products and services management for obtaining best managerial decision, in a
rapid manner, with minimal risk, [6], [7]. It is necessary to achieve technologies versions or
enhancements by using morphological analysis based on functions involved, describing their
performance. This is the path to improve enterprise technology and to find its optimal version, but
the SMEs manager must know all information related to specific parameters and influence factors
involved in the analyze and he must decide about the optimum solution (the variant with the
highest value of the influence factors shares sum).
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4. Conclusions
The model of implementation of eco-innovative technologies at company level is based on
research on Romanian business environment, by assessing the level of the environment protection
and eco-innovation technology level, identifying successful examples and drawing up possible
ways to follow up new possible users. By presenting the methodology and the component structure
of the eco - innovative technologies implementation model, authors invite users to access the tool
to discover succesful eco-innovative examples, also to choose optimal eco-innovative technologies
variants for their own companies. Specifying components, planning interfaces and design
specifications have the role to build an easy-to-access and user-friendly interactive environment
tool, that provides current and useful information about eco-innovation technologies, at national
level, with the possibility to be extended at international level.
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Abstract: “Prevenim, protejăm, salvăm” – “We prevent, we protect, we save” says the motto of the
Romanian firefighters, which presents the everyday struggle and “raison d'être” – reason for being of the
rescue services that plan and act for the well-being of the citizens that they protect. One of the types of risk
that firefighters are called to address is the earthquake, which in itself poses an immense task for the
emergency preparedness system, but given the disruptions that this type of event causes, the population
affected by it finds itself threatened even after the end of its this type of risk’s manifestation, by the failure of
the systems that insure everyday commodities. That is the issue that is addressed in this paper, of the
importance of taking into account the public systems that provide necessary support for everyday life, which
can be disrupted in the event of a major seismic activity manifestation.
Keywords: Earthquake, Public Utilities, Failure, Response

1. Introduction
One of the less emphasized sides of the impact that a major earthquake can have on population is
that of the lack of basic living means such as sanitization, drinking water supplies, food and heat.
In the surreal hypothesis that following a major earthquake there would be no casualties, but only
infrastructure loses, loss of lives would follow. If even the most basic needs that we often overlook
in our daily lives, such as waste management, would suffer an interruption, or even an overload,
the consequences that follow could be dire, especially in correlation with the lack of sanitization
means that could lead to the onset of epidemics.
Public utilities whose infrastructures do not suffer damage directly from seismic activities could still
cease to function due to lack of fuel caused either directly through the stop of fuel production, or
indirectly through the hindrance of transport from production site to, say, thermal power station or
heating plants.
Major cities are consumer oriented establishments that are dependent at least on the transport
infrastructure to link them to the production sites of various goods, for sustaining day to day
activities and in the case of a major disruption caused by a significant earthquake, population
safety and well-being is certainly the main concern of public authorities. Given this fact, this paper
hopes to provide insight on the necessity of public utilities failure management in case of a major
earthquake and shed light on the way that this failure might be used to assess the immediate
impact on population of such event and help the decision making process of authorities in restoring
temporal normal conditions in a short time span.
2. Public utilities failure impact on population
Day to day life as we know it, with its routine and comforts depends on the public utilities that are
made available to us in the areas that we work, live and study. The lack of these utilities can lead
to serious problems in a society that has developed such a strong dependence upon these
comforts and the way things take place on a daily basis. As such, in the event of a major
earthquake, the disruption of the same utilities becomes the main author of public unsettlement
and strives. In the following, comes a brief evaluation of the chain of events that concur in
aggravating an already unstable situation, marked by confusion, panic and rupture in the quotidian,
powered to even further lengths by the failure of the following:
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2.1. Water supply network
Water used for drinking and cooking is generally provided by a system of pipes and pumps or is
available as bottled water. Rarely in urban settings are people dependent on private wells or get
their water supply directly from a natural source. Given the important role that water has in
everyday life and the amount of it needed daily for drinking and sanitization, a discontinuation of
residential water supply will influence the bottled water demand, which, in turn, may over run the
supply and cause uncontrolled migration and public safety violations.
In the event of a long-term disruption of water supplies, poor hygiene and waste management may
lead to the onset single cases of diarrheal diseases, typhoid fever, infection with different types of
parasites [1], or may result in the outbreak of epidemics.
2.2. Sewage
Tightly linked with the lack of water supply is personal hygiene and in the particular case of an
earthquake, the excreta disposal process may be affected by the lack of infrastructure and/or
means of due sanitization.
Even if the housing infrastructure resists an earthquake, the sewage disposal one can fail and
result in indoor flooding and, if the problem persists, the inadequate sewage system may lead to
health problems and disease outbreaks. Lack of education of the population regarding proper
excreta disposal when sewage services are unavailable would speed up the disease spreading
process.
Odor pollution and water supply contamination may be other possible threats to communities' wellbeing provoked by the affected sewage infrastructure, in correlation with poor education regarding
community living and care for the environment. In this situation, information about proper excreta
management should be popularized.
2.3. Waste management
Following a major earthquake, the waste management facilities may suffer major damages which
could hinder the normal processes, or the personnel may not be able to work as usual, resulting in
a reduction or stop of waste collecting activities, or even the transport infrastructure damage may
prevent normal functioning of the waste management agencies.
Improper storage or the accumulation of household waste may lead to disease outbreaks, a
reduction of living comfort by odor pollution and animal attacks caused by the various creatures
that may thrive on garbage and are drawn to the area.
2.4. Electricity
Failure of electricity delivering systems, either by stop of production or by failure of transport
infrastructure would cause the population to resort on power generators, dependent on fuel. Lack
of electricity in an area could lead to panic, a rise in crime rates, and if the problem persists, more
complications may result in communications failures because of the loss in functionality of TVs,
radios, computers and phones, even mobile ones or the inability of people to buy goods because
of the loss of power of banks and mobile pay means. A more urgent need that would arise in the
unfortunate event that the electricity is cut off for an extended period of time is that of food
preservation, given the fact that all cooling apparatus would stop working. In the same manner, the
hospitals and blood banks may be unable to deliver their services to the more than ever in need
population, due to the lack in power.
2.5. Natural gas
Depending on the season of year that a major earthquake might critically affect natural gas delivery
systems to a major city, the consequences would be more or less dire. Used either as fuel for food
preparation and heat generation, natural gas is a public utility that can be replaced by the use of
electrical power, if that is available. In the event that homes would rely on natural gas for heating,
the means for electrical heating might not be available and distributors might be overwhelmed by
the growing request.
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Another problem that may arise on a local plane due to the failure of natural gas transport
infrastructure is the formation of explosive gas clouds that can be easily triggered by sparks and
cause a lot of damage. Given the odorless nature of natural gas, and in the hypothesis that there
isn't enough odorant in its composition for allowing facile identification of such clouds, their
neutralization or avoidance could become a potentially tedious task without the use of readily
available gas detectors.
2.6. Transportation
Transportation, be it public or private, can be disrupted in many ways following an earthquake.
Evidently, the infrastructure that would be the most affected would be roads. Either by debris pile
up or by the asphalt crumbling, the formation of sink holes or the failure of bridges, both public and
private transport would be affected to some degree. Transportation is crucial both for providing
assistance for the earthquake victims, and for evacuating affected areas. Access to hospitals
would be cut off and survival supplies delivery would not be possible.
Another major inconvenient caused by a severe transportation disruption is the cutoff of fuel
delivery to local gas station, in which case power generators might be affected and cause further
complications of an already unstable situation.
In the case of a major loss of a city's housing capabilities, transportation is crucial for the
population to move to relatives or find housing in unaffected areas.
3. Utilization of public utility failure as a measure of earthquake impact on population
In the passing of time, given humanity's frequent encounter with the destructive power of
earthquakes and the need of cataloguing earthquakes' impact on settlements for the purpose of
anticipating an adequate response in the event of similar manifestations, in the condition of little or
none information available in the aftermath, there have been proposed several scales [2] for the
expression of an earthquake's intensity.
Similar to the intensity scale, a scale or table, if you will, to measure immediate impact on
population and to help authorities prioritize needs and develop quick and effective strategies for the
reestablishment of temporal normal conditions might come in great use, and a representation of
such a tool is found in Table 1.
Table 1: Earthquake assessment by public utilities failure
Code

Affected public utility

I

Natural gas

II

Transportation

III

Waste management

IV

Sewage

V

Electricity

VI

Water supply network

Authorities’ priority
Provide alternative means of heating / food preparation
Detect and seal leaks
Aid companies in making critical repairs
Asses alternative routes
Clean debris
Provide shuttles
Designate and inform about waste storage areas
Provide and promote immunization against infectious diseases [3]
Provide mass communication and enforcement of hygienic rules
Provide basic sanitization materials
Set up temporary public showers
Insure public safety
Provide power islands
Aid companies in making critical repairs
Provide and rationalize drinking water
Insure public safety
Set up temporary water purification stations
Provide mass communication about dietary choices to avoid
dehydration
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This choice of hierarchy was used by reason of emergency that each public utility failure has. In
that regard, a failure of natural gas providing utilities has the least impact on population day to day
activities, given that other means of heating and food preparation can be used. In the case of the
transportation infrastructure failure, the impact increases as time passes from the event and
resources diminish. As such, it does not call for such an immediate response. Waste management
utilities failure can become of major importance with the passing of time because of the potential
outbreaks that it can cause. It doesn’t call for an immediate response, but more of a reorganization
and allocation of resources on behalf of the public authorities.
Moving into the higher end of threats, the sewage infrastructure failure poses an immediate threat
due to the potentially rapid disease spread rate that it could generate because of high population
concentration. Not only that, but in correlation with unfortunate weather, it can lead to flooding,
especially in urban areas, which are heavily dependent on the sewage infrastructure for the
drainage of meteoric waters.
Today’s society is dependent on electricity for almost every aspect of its daily business. That is
why a failure of the electricity infrastructure is so high on the list. With possible complications like
rises in criminal rates, depletion of fuel for power generators, the impossibility of provision of
medical care and banking services, the failure of the electricity infrastructure presents authorities
with multiple urgent tasks.
The biggest threat to population well-being after a major earthquake in terms of utilities failure is
the loss of access to drinking water. In this case, people may resort to using water directly from
natural sources like rivers, lakes or ponds, which, without proper treatment, may result in the
widespread of diseases. Another side effect of this issue might be a rise in criminality and the
reason that this is the number one emergency is because water plays such an important role in
daily life and conditions many other activities.
4. Interdependencies
As is the case often times, when a major earthquake occurs, there is not just one system failing,
but series of failures result in the cascading of effects. For example, the failure of the natural gas
and drinking water delivery infrastructure may result in the impossibility of boiling the water
obtained from natural sources, thus leading to disease spread. The failure of electricity and
transportation systems may lead to total blackouts given the impossibility for fuel delivery. The
failure of the waste management system may be caused by the failure of the transport
infrastructure, by limiting access of waste management companies. The failure of both sewage and
water supply would quickly lead to a growing deterioration of public health. The list of
interdependencies goes on and on and given the fact that the failure of only six public utilities
systems were taken into account, one can study the dependencies and outcomes caused by the
failures of each combination of systems, but such a study exceeds the compass of this article.
5. Conclusions
Given the above stated scenarios and the importance that education plays in all of these to keep
population safe and secure in the aftermath that major seismic activity can cause in an area,
emergency preparedness for earthquakes should encompass the information needed not only to
survive during an earthquake and in the moments that follow, but also that needed to prevent the
spread of disease and to live in restrictive conditions, within a community, for an indefinite period of
time. As we have stated, not only the earthquake itself poses a threat to population, but also the
disruption that it can bring to systems that provide basic necessities. Also, authorities must take
into consideration courses of action in the event of different public utilities system failure, and have
at hand a variety of plans of action for the quick, partial or full restoration of their functions.
As much as it implies a response from the authorities and a change in behaviour of the population,
the failure of public utilities provides a measurement of the impact the earthquake had on
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communities, by damage inflicted upon the public utilities services and level of effort needed for the
restoration of normal conditions.
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Abstract: In this paper we introduce a model for Benchmarking analise witch can be applied to
products/technologies/services/processes, or only to some of them. It can be applied to the manufacturing
process of products and services. A significant example of this is the take-up of new
products/technologies/services superior to competition and the level of market resulting from the research
activities of universities and/or research institutes.
Keywords: Benchmarking, new products, new technologies, new services

1. Introduction
The Technology Transfer Center pays particular attention to the transfer of state-funded scientific
research results, to the development of firms and their increased competitiveness, a priority of
European research [1].
Technology Transfer does not just mean selling a patent, but it also adds everything the scientific
research can provide to a company: knowledge transfer, personal training, training sessions, joint
projects and activities, access to laboratories and innovation platforms, technical assistance,
services.
Technological Transfer is carried out within TT entities established within the academic
environment (universities or research institutes), entity with or without legal personality, specialized
in transfer, marketing, industrial property, dimensioned to perform a range of activities which will be
included in the Regulation for its organization and operation.
The Shift of a Knowledge Transfer is generally performed after a certain TT scheme, but there may
also be some customized phases for a particular application.
2. Steps in conducting a Technology Transfer

Fig. 1. Steps (stages) that go from the research/idea phase to capitalizing on the outcome
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Generally speaking, the patterns encountered internationally foresee the same steps with a nuance
difference signaled at the starting point: some believe that research is the basis of a patent from
which the process begins, others that the idea of a future patent lies at the heart of research.
In the following, the steps will start from research, the patent being a result of C-D activity. It is the
process through which the knowledge, products and technologies developed by governmentfunded public research are passed on to companies to accelerate their development as well as
increasing competitiveness.
The goal of TT is to support the economy and enable companies to become as competitive as
possible.
2.1 Step 1. Research
Throughout the research, a number of elements are considered to be new, less known, and
through which new products, new technologies, or ideas can be built to provide services.
The researcher who benefited from public funding for his project has a moral duty to commercialize
the scientific result obtained by giving him a scientific and economic recognition through the
benefits of the patent and attracting additional funds to the institution in which he works.
The company engaged in the transfer of a new product / technology / knowledge is interested in
taking a patent to increase its competitiveness on the market, superior technical and economic
effects.
2.2 Step 2. Presenting the patented idea (description) to the Technology Transfer Center
(TTC)
In a first step, the researcher will present TTC with the idea that should be patented, the novelty
resulting from the research that has been developed and the impact it may have on its application.
TTC will ask the virtual inventor for the necessary information, submitting a note with technical and
economic elements that justify the development of a patent. This note will be confidential and will
be recorded as such, TTC responding to its secret [2].
The researcher must work with TTC in the next stages of evaluation and patenting, all documents
and discussions of a confidential nature, including written documents or records.
2.3 Step 3. Technological evaluation of the invention and establishment of the conditions
for elaboration of a patent
At this stage, we assess the impact of this invention, the technical and economic effects, the
market and competitors in the field of the patent, comparisons with the patent literature and the
retention of the elements of originality, marketing potential, possible licensing strategies, company
licensing or start-up development -up, the final form of the Patent for Invention is to be submitted to
the Patent Organization (OSIM). Without disclosing the secret of the invention to be developed,
TTC may consult with OSIM Intellectual Property Specialists or OSH professionals in clarifying
some of the Intellectual Protection issues at which the process begins. All documents drawn up are
confidential and recorded as such [3].
It is not appropriate for the researcher or members of the research team to publish works or to
support communications on this subject that would betray the secret of the invention until the
release of the patent.
2.4 Step 4. Intellectual Protection. Patent
The patent application is filed with the State Office for Inventions and Trademarks - OSIM. Once
patented, it is granted for a certain period of time when the rights of the inventor after the patent
are protected. To reconcile the rights of the participants to the commercialization of the Patent.
From now on the patent is public and any information about it can be made for marketing. The
patent can also be registered with the European Patent Office.

457

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
2.5 Step 5. Marketing
TTC develops a market study identifying partners who may be interested in taking over the patent,
competitors who make the same product / technology and their technical and economic
performance, the existence of companies that want to diversify their profile, distribution networks,
workforce level and their ability to leverage their patent, material resources, ability to promote a
new product on the market. The analysis also takes into account the possibility of developing the
patent at start-ups, in which case parallel assessments of advantages, disadvantages and risks are
made.
2.6 Step 6. Licensing
The licensing of a patent is granted through the conclusion of a licensing agreement concluded
between TTC (licensor) and the Company that is interested in taking over the patent (the licensee).
The agreement fixes the rights that the patent owner grants, the financial benefits of this act. The
same agreement ends also when the patent is taken over by a start up. By understanding between
partners, a number of information can circulate between partners under confidentiality. The
agreement specifies the rights and obligations of the partners, the exclusivity or the exclusivity of
the Patent.
2.7 Step 7. Comercialization of the Patent
The company that licensed the patent agrees to its purchase, develops its production / application,
develops manufacturing lines, launches the product, receives licensor assistance when it is
provided in the contract, improves workforce, diversifies itself or in collaboration with the patent
owner, the initial invention and the development of products adjacent to the subject of the patent.
2.8 Step 8. Economic Effects, Breaking the Income of the Patent
The revenue resulting from the sale of a patent is shared between the TTC, the beneficiary of the
patent and the inventor / inventor usually one third if not otherwise agreed. In Romania the rights to
the inventor are at least 30%. The money for the other parties is foreseen for development, new
research, development of activities, etc., according to the interests of the Parties.
3. Selecting and implementing "The Best Practices”
Dissemination of the results obtained in research activities by specialized institutes, universities
and some innovative enterprises is a moral and material obligation of these entities to use them in
industry and economy.
Through the extended benchmarking process and / or through own actions of the interested
entities, an industrial research is carried out which highlights the solutions offered by the research
results and from which the best solution is chosen as the "best practice".
As a result, universities and institutes in the field accomplish through the research process
technical solutions that are "best practices" while other entities (SMEs) through internal analyzes or
as a result of their own strategic development policies aim to take over and to implement "best
practice".
In this technology transfer activity and / or in the benchmarking process, the following main actors
are involved:
 entities doing research through products/technologies/equipment /services;
 entities that from objective needs want to take over and implement these results;
 entities in the form of technology transfer centers created within universities and / or
institutes that have extensive attributions in technology transfer, and are bridges between
academia and industry.
The realization of the technological transfer depends on several issues that are related to the
policies of the entities that generate the best solutions and want their capitalization in the industrial
environment as well as the policies and strategies of the entities that want to take over and
implement by transferring them [4].
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Among the main issues of technology transfer policies can be listed:
 the existence and development of an adequate infrastructure for innovation;
 increasing the technical and professional skills and competences of the personnel
(especially in the entities that take over the technological transfer);
 a possibility to allocate funds to support the commercialization of research results (this
concerns both the transferring entity and the receiving entity, since each stage of the
transfer requires staff costs, licenses, patents, property rights, expenses equipment
materials, organization of production, distribution network expenses, etc.);
 protection systems, regulations and legal framework for property rights, innovation results,
etc.
It should be underlined that the interaction between the entities that generate "best practice" and
users is essential for the success of the technological transfer. For this reason, the importance of
technology transfer centers as liaison points is special and the organization of these centers, their
competencies as well as their attributions must be considered and established with much
responsibility.
The success of the technological transfer is conditioned by the technical competence but also by
the abilities that must lead to the identification of the "best practice" but also of the partner (s)
whose product / technology / equipment / service is needed and to which the technology fits and is
it is possible to implement it (in terms of resources, technical, development, etc.).
4. Factors which influence actions in technological transfer
In view of the emergence of such difficulties and important barriers to the transfer of research and
development results in industry and economy, a number of factors that directly influence the
technological transfer actions
and which have a significant technical, financial, economic, social impact on these actions. A list of
principles of these factors must primarily focus on the comparative benchmarking analysis,
focusing primarily on those qualitative elements from which we present some more important:
 Factors related to the Technology Transfer request
 Potential Market (global)
 Stability of TT demand
 The life cycle of the technology
 Market Acceptance Factors
 The necessary promotion effort
 Distribution network
 Factors related to competition
 Competitive partner position
 Direct and existing competition
 The price of technology
 Factors related to economic risks
 Product development stage
 Functional feasibility
 Recovering the investments made both for the initial realization of the
technology and for the exploitation after the takeover.
 Environmental factors
 Impact of technology / technological process on the environment
 Impact on society
 Safety in operation of the product / equipment / installation
 Various other elements
 The sale or location of machines, machines, etc.
 Concession of a trademark or other intellectual property rights (design, model,
etc.)
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Selling to the person who receives the technology of raw materials, materials,
components, subassemblies necessary for the manufacture and exploitation of
the acquired technology / license.

Fig. 2. Factor affeting technology transfer

5. Conclusions
Some important measures are needed to support TT activities:
 realization of financial instruments (loans, venture funds, public-private capital);
 communicating the results obtained in CDs through the websites of the developers,
periodically, to SMEs even to multinational companies;
 the initiation of periodical publications summarizing the results of research by universities,
institutes (public or private), innovative entities, individuals, etc;
 Informal transfer of knowledge through a structured network for this purpose;
Developing (more) broader, at least annual, programs of technical and scientific events focusing on
topics such as:
 research results;
 trends in the development of high market products;
 European and international market trends lectures on certain technologies (from research,
design, training, etc. manufacturing, production organization, commercial issues, marketing
distribution strategic and operational, management, etc.).
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Abstract: Innovation means Creativity and Added value recognise by the market.
The first step in creating a sustainable commercialization of research results, Technological Transfer – TT
mechanism, on one hand is to define the “technology” which will be transferred and on other hand to define
the context in which the TT mechanism work, the ecosystem.
The focus must be set on technology as an entity, not as a science or a study of the practical industrial arts
and certainly not any specific applied science. The transfer object, the technology, must rely on a
subjectively determined but specifiable set of processes and products. Focusing on the product is not
sufficient to the transfer and diffusion of technology. It is not merely the product that is transferred but also
knowledge of its use and application.
The innovation ecosystem model brings together new companies, experienced business leaders,
researchers, government officials, established technology companies, and investors. This environment
provides those new companies with a wealth of technical expertise, business experience, and access to
capital that supports innovation in the early stages of growth.
The Commission Work Programme 2018 released on 24 October 2017 lays the groundwork for concrete
actions that will complete the work on President Juncker's 10political guidelines. The boost of jobs, growth
and investment through the Circular Economy Action Plan is at the core of the Commission’s agenda for the
year ahead.
Keywords: Innovation, Innovation Ecosystem model, Technology Transfer Centres, Technology Transfer
Value Chain, Technology Readiness Level (TRL).

1. Introduction
When we talk about innovation, we often focus on individuals. In business, we generally identify
good innovators and nurture their ability to generate creative practical solutions to new problems.
There is less focus on the kinds of structures that promote a culture of innovation. In business, we
generally identify good innovators and nurture their ability to generate creative practical solutions to
new problems.
If your organization relies heavily on individual innovation or institutional innovation, consider
creating your own innovation reef, where creative problem-solving experts develop a network of
individuals skilled in bringing new ideas to market.
Research and Innovation looking at the market
Valorization of the research results; transfer of knowledge to the market
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The market looking at research and innovation as engine for competitiveness and growth
There are essential elements to creating this in your company:
Get the right people involved. The innovation network has to include upper-level management
that can fund projects, leaders who have had success with past innovations, technical experts, and
external consultants.
Cultivate the network. This extended group should have opportunities to mix together in
productive ways. Hold regular meetings, events, and talks where innovators from across an
organization can get together and share their experience. Lead innovators need to meet regularly
with a variety of groups within a company that are working on innovative projects to help connect
together groups that are undergoing similar problems.
Educate others. In order for best innovation practices to diffuse through an organization, it is
important to develop those ideas before projects begin. The innovation network should implement
a company-wide education program on how to develop good ideas and how to transform good
ideas into actionable plans to bring those ideas to market. These lessons should be delivered both
to the future leaders within the company (which many companies do well) as well as broadly to the
rank-and-file who will ultimately play a significant role in innovation success (which fewer
companies do well).
Measure the results (with clears indicators). Innovation is a process that is best managed with a
long term perspective, not necessarily measured in long time increments (e.g., months, years) but
rather in completion of targeted goals. This requires separating the innovation process into three
implementable stages: 1) identification of goals and exploration activities, 2) short term
deliverables and 3) near term development.
2. The necessary steps for developing the financing instruments afferent to the innovation
and technological transfer entities
The 48 ITT entities accredited in Romania exist and function with results (more or less good).
Before analysing the activity of these entities, the used criteria for their accrediting/re-accrediting is
recommended to be analysed together with the given tasks, the existent financing, the regulation
onto which basis they activate and their monitoring indicators as well.
These entities have been monitored under this whole period and those failing to activate or which
had an inappropriate (non-conformity) activity, had their accrediting withdrawn. A part of them have
notable results both nationally, internationally and at the European level as well. Examples of
networks in which a part of the entities activate:

Enterprise Europe Network

DTC – Danube Transfer Centres.
The establishment, accrediting and monitoring of ITT entities or the introduction of new ITT types
of entities (e.g.: HUBs / co-working spaces, business accelerators, innovation labs, technopools/cities of sciences, etc.) should also be done under the existent regulation (with the necessary
completions and amendments), so that no parallel would be created which in turn cannot lead to
the expected results, respectively a unitary method should be ensured, with unitary indicators and
objectives.
3 .The necessary steps to establish the financing instruments afferent to the innovation and
technological transfer entities.
 Defining the assessment indicators for the ITT entities accredited in accordance with the
stated regulation, from the point of view regarding to innovation, technological transfer and
trading/commercialising the financing research results from public funds.
 The activity analysis of the ITT entities accredited under the defined indicators.
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 The selection of ITT entities and scientific and technological parks with the potential and
results from the point of view regarding the innovation, technological transfer and
commercialising the financing research results from public funds.
 Identifying the type of ITT entities missing (e.g. HUBs/co-working spaces, business
accelerators, technological development centres, techno-pools/cities of science, etc.)
 Coherent mapping of development regions with RIS /SMART specialization strategy nationally
/ regional, underlining the existent entities and the need for new ones.
 The establishment of new ITT entities in accordance with the existent regulation (with the
necessary completions and amendments), based upon the identification necessity and proved
competences.
 Defining the functioning indicators under which the activity of these entities will be monitored
(supervised).
 Proper amendment of the current regulation.
 Development and implementation of training (induction) programs for the staff within the
selected ITT entities in order to provide specific ITT services.
 Development and implementation of a coherent funnel type financing program for the ITT
entities based upon marked achieved results from public funds financed research results
traded point of view.
 Implementing the open innovation concept and specific instruments afferent to efficient and
effective functioning of open innovation arena type platforms.
 The study underlined special programs (financed by INFRATECH program - 2004-2008)
dedicated to these ITT entities have allowed their staff to enter in contact with similar existent
organisations at European level. The financing stopping from the INFRATECH program
interrupted these links in the case of some ITT entities.
4. The necessary steps in the innovation development
 Creating a functional and efficient innovation ecosystem.
 Developing all the weak links / the incipient/missing links, mainly the ones regarding to the
innovation financing (structural / national / regional funds financing, business angels, venture
capital, risk capital, etc.)
 Developing a continuous entrepreneurship training system
 Functional links between the ministries on one part and between the central and regional level
on the other part (in coherence with The National Strategy RDI 2014-2090, RIS3 and Smart
Specialization Strategy).
 Creating some effective and efficient partnerships, including the public-private ones between
actors competing to innovation at central and regional level (Ministries, Regional Development
Agencies, City Halls, County Councils, ITT Entities, Technological and Scientific Parks,
Universities, Research Centres, Patron and Professional Associations, Competitiveness
Clusters/Pools).
 Developing a real business environment partnership – Research-Development-Innovation
which should identify the opportunities and necessities.
 Concrete action plans for Smart Specialization Strategies implementation at the level of all the
development regions of Romania.
 Specific financing instruments for commercializing the public funds financed R&D results.
 Regional / Partner structures in favour of innovating SMEs from which ITT entities should take
part (e.g. Competitiveness Clusters/Pools – Regional Development Agencies – Local
Administration – Increase Pools – ITT Entities – Training Centres, etc.)
 Market indicators regarding the efficiency of innovation and technological transfer which
should be found in the functioning indicators of the entities.
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5. Objectives which should be followed for innovation development
 The innovation should address firstly to the development necessities of the innovating SMEs
with the activity based on a large added value contributing to economic growth, export
development and establishment of new jobs.
 Stimulation of innovative and creative enterprise development, start-ups, spin-offs and
competitiveness clusters/pools in order to support those becoming robust, mature, generators
of jobs, resistant to economic risks and sustainable.
 Supporting the technological and knowledge transfer towards the innovative firms.
 Stimulating the development and introducing new products to be manufactured along with the
systems, services, performing organisational management based upon the R&D results.
 Stimulating the testing of invention patents (better before patenting).
 Creating the favourable conditions for private sector implication growth within the researchdevelopment-innovation activity.
 The research and innovation should be addressed to the real needs of the market; the
markets to be oriented towards R7D, as means to increase competitiveness.
 The research should offer solutions to market needs, to develop knowledge, innovation should
be applied and transfer the results for economic units use.
 Creating a real partnership regarding research-innovation-market for the identification of
needs and finding solutions in order to increase competitiveness (social cohesion).
 Innovation management should be comprised in a continuous training system and in an
entrepreneurial training.
 Motivating people to innovate; promoting an entrepreneurial culture by acquiring the
necessary skills for a creative enterprise.
 Promoting the entrepreneurial spirit and innovation in small and middle sized companies/firms,
especially in new ones.
 Developing the entrepreneurship and internationalizing the SMEs business.
 Increasing and applying the skills; an efficient skill flow, development of networks helping to
increase, disseminate skills, with an efficient intellectual property rights system.
 Applying the innovation as a solution to social and global challenges; promoting the
entrepreneurial spirit in economy and cost-efficient technologies.
 Coherent policies between: idea generators (innovation, research), finance innovation,
regional development, regional centres, advertising, research and new technology valuing in
the market use, entrepreneurial training.
 Regional development policies through innovation, RIS and 3S.
 Reinserting vouchers for innovation as development instruments.
 Databases resulted from research and technology quotations in accordance with international
standards.
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Value chain of value-added services
In order to increase the efficiently of the TTC’s, meaning every TTC to
efficiently use its specific key resources (physical, intellectual, human
and financial), the Business Models of the corresponding TTC must be
cantered on one of the three stages of the value chain of value-added
services depending of their own resources. [1]
Technology readiness levels (TRL) are a method of estimating
technology maturity of Critical Technology Elements of a program during
the acquisition process. They are determined during a Technology
Readiness Assessment that examines program concepts, technology
requirements, and demonstrated technology capabilities.
The use of TRLs enables consistent, uniform discussions of technical
maturity across different types of technology (see Figure 1).

Fig. 1.The stages of the value chain of value-added services, respectively the knowledge and TT value chain
in comparison with the Technology Readiness Levels (TRL

6. Transferring the results to the market
 Indicators regarding the efficiency of technological transfer and innovation
 Accredited (certified) and trained staff (Technological Transfer and Innovation, technologies
brokers, intellectual property)
 Entrepreneurial training program
 Promoting, training a culture of innovation, of mass.
7. Policies for competitiveness growth through R&D&I and technological transfer
The necessary mechanisms for a minimum innovative system functioning are presented in figure 2
(eco-innovative system). With black – what is very well integrated; with purple – what we need to
increase. A transfer centre of research results towards the market may function only in an
ecosystem with all the links being functional.
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Fig. 2. The necessary mechanisms for a minimum innovative functioning ecosystem

Ecosystem model for the transfer of research results towards the economic environment
No interpretation of the concept regarding to technologic transfer, spin-off entity or entrepreneurial
university may be used against the idea that the university is an ”Alma Mater” for its students,
researchers and professors functioning on academic freedom principles in what regards to
knowledge exploitation and access to idea distribution towards the students and the business
environment.
The main challenges approached, are linked to insufficient concentration of R&D&I in the
excellencies pools capable to compete globally, those of weak element integration within the
R&D&I triangle, insufficient trans and inter disciplinary research focused on the innovation needs,
lack of some governing and managing models for the European level education and research, by
high costs of EU patenting and low mobility of researchers.
One of the pursued objectives consists in the encouragement of partnerships for addressing the
local business communities. I believe that there are a number of principles behind the success of
an ITT entity: focusing on strong regional points; their functioning in a coordinated network; high
reputation and powerful brand; their commercial/trading focus and the independent operation.
8. Partner/Supplier Innovation
Many organizations around the world today don’t stand alone as independent entities. Pretty much
any organization you can think have today is somehow aligned with or supplied to another
organization. By opening up information and innovating with suppliers and partners both parties will
win. Suppliers and partners will be able to provide better products and services that customers are
asking for and the organizations will be able to dramatically improve forecasting while dramatically
reducing wasted resources and time spent. The earlier the company can bring partners and
suppliers into the innovation process the more effective the relationship will be. Innovation is no
longer something that can be done by a few people or a single department.

467

ISSN 1454 - 8003
Proceedings of 2017 International Conference on Hydraulics and Pneumatics - HERVEX
November 8-10, Băile Govora, Romania
9. Innovation Culture.
I want to stress that there are different ways to analyze innovation ecosystem. You can think about
best practices. You can think about frameworks or key pillars that form a system. You can think
about historical development and trends that could be analyzed considering successful examples.
But I would like to start from one particular issue. This issue is Culture. Innovation Culture.
I personally believe that without innovative culture institutions, based on a functional and efficient
eco-system, with infrastructure and funds, the business incubators, clusters, science parks,
technology centres, companies simply will not work.
10. Understanding the Innovation Economy
The innovation economy is the economy that transforms knowledge into products, processes and
services that fuel competitiveness and economic growth, create employment and wealth, and
generate significant improvements in the region’s standard of living.
It describes the large and diverse array of participants and resources that contribute to and are
necessary for ongoing innovation in a modern economy. This included entrepreneurs, investors,
researchers, university faculty, venture capitalists as well as business development and other
technical service providers such as accountants, designers, contract manufacturers and providers
of skills training and professional development. Sustaining an innovation economy means evolving,
adapting, re-imagining and reinventing to create and utilize new ideas and information into both
existing and new products and services.
11. Innovation Ecosystem model - Principles and considerations
The model has at its basis the following principles and considerations:
The establishment/generating of start-ups and spin-offs based upon some developed
technologies within Universities and RDI Institutions/Organisations, continuous training,
business development methods.
Banking” department organised as a foundation, to finance the activity by venture capital
and business angels.
A ”finance magnet, project generator” department
All departments need to collaborate with a unitary strategy under a tightly linked
University/R&D Entity management.
The management also ensures the interfacing with the Universities, R&D Entities, Business
Environment, Central and Local Administration.
The departments (total or by fields) may function independently also as profit centres or in a
collaboration form under a University/R&D Entity regulation.
The ITT Entities correlation with the place and attribution defining:
o Technological development
o Technological and business incubator
o Virtual Centre, expanding ITT communication and services towards companies/firms by
internet techniques.
o Technological and Business Park; Competitiveness Cluster; Technological transfer and
innovation.
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Fig. 3. Ecosystem model for research results transfer towards the economic environment
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The link, ITT Entity – Scientific Park – Competitiveness Cluster/Pool with Specialists, High-Tech
Companies / with export capacities, Investors, is present in figure 4.

Fig. 4. The link of ITT Entity – Scientific Park – Competitiveness Cluster /
Pool with Specialists, High-Tech Companies / with export capacities, Investors

The management of ITT Entities is done in company development steps. Whilst companies
develop themselves, they could also be moved in other structures, locations, with adequate
spaces, all offering consultancy services, competitiveness, business development, innovation and
research.
The flexibility of these ITT Entities from the perspective of offered services and permanent
adaptation to market requests, including the staff training requirements, is essential for the
efficiency of these ITT Entities and for the commercialization of market results. The presented
structures may also work complementary, separately but with a common strategy.
Technological development centre
Are specialized centres (as infrastructure and expertise in staff) for developing new technologies
based upon research results (sometimes even from the fundamental research phase).
Collaboration with the business environment is essential for the development and
commercialization of new solutions.
Technological transfer centre
The technological transfer and commercialization centre plays a major role in the protection and
commercialization (trading) of industrial property goods from the Universities and R&D&I
Organisations / Institutions, awarding licenses for technology developers and innovative firms, as
well as assisting in start-ups initiations, companies which commercialize or produce upon new
technologies.
From economy perspectives, as a whole, there’s a risk that a valuable industrial property to remain
unused without specific market transfer mechanisms.
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The technological transfer offers a great potential for additional incomes.
Technological and business incubator
A technological and business incubator represents a company/department which helps new
companies and start-ups to develop their business, helps in business by providing support services
in technologies, information, management support, business internationalization, innovation and
office spaces.
Technological and scientific park
The technological and scientific parks are large scale projects which host already matured
companies on the market having development services integrated in order to expand companies
including the laboratories.
They make available delimited terrains/areas, with the necessary infrastructure (water-sewage,
electrical energy, gas) and spaces for transportation and warehousing.
Innovative Cluster / Competitiveness Pool
The innovative cluster represents a group of legal personalities constituted upon an association
agreement, concluded between organisations from the science and innovation field and/or higher
education institutions, on one part, and economic agents, local public administration authorities,
paternal or professional associations, on the other part, having the purpose of developing the
scientific research activity regarding knowledge and technological transfer of scientific results,
valuing them through economic activities.
Project and program department
Starting from the participating companies’ structure, the development needs on both sides
considering the regional / national / international calls, the department brings up the awareness in
what regards the partners, achieves partnerships and attracts financings.
Project financing foundation
The project financing foundation is a bank managed as a foundation which operates under
mechanisms as venture capital, risk capital and business angels with the projects proposed by
start-up companies, SMEs, Universities, R&D Centres, based upon some reintroducing criteria
regarding the invested capital.
This type of foundation magnetises finances from diverse donors and offer opportunities. The bank
and sponsors relations need to be permanently considered with the integration in management
structures regulating also through public policies and development strategies.
Lack of financing the innovative ideas, patents residing in the idea phase / embryonic inventions
represents a barrier in the technological transfer.
The Universities / R&D centres identify and validate the development value and together with the
specialist in venture capital / risk capital, permanently supported by consultancy and expertise
activities, bring ideas on the market. At this point, commercial, innovative companies intervene with
their identification of the potential and bring equipment, systems and services into manufacturing.
Entities management
Entities management represents a key piece which ensures the compatibility, methodology and
communication instruments between all the actors, on both sides being an interface with the
business environment. In essence, besides the management function it also includes the facility
function.
It should have the skill to communicate with the two large groups: the research and respectively
the business environment, meaning that it needs to master their specific and motivational language
in equal measure.
Scientific and educational groups
They have the role to know the real state on the market and in research, forming trends and
methodologies, identify research themes which once outsourced may be applied on the market,
research groups, identifying the research results and communicating them to the business groups.
On the other part, it’s essential to train all specialists working in all of these entities and
infrastructures with the business environment included as well (both professional and
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entrepreneurial).
The continuous training, practical activity and specialists selecting may be
interest themes of the business environment.
Learning in SMEs
As environmental problems came more and more into focus, concepts as eco-innovative
entrepreneurship, new business strategy that incorporates sustainability throughout all business
operations based on life cycle thinking and in cooperation with partners across the value chain.
SMEs are restricted in the efficient use of technology for learning and in adequate management
learning approaches. The managers should understand the importance of using other forms of
learning like mobile ones, webinars, access to on-demand learning resources and social learning
supported by social media.
Problem-based learning-PBL is an exciting alternative to traditional classroom learning. With PBL,
the teacher presents you with a problem, not lectures or assignments or exercises. Since you are
not handed "content", your learning becomes active in the sense that you discover, work with
content that you determine to be necessary to solve the problem. The teacher acts as facilitator /
mentor, rather than a source of "solutions"
Local administration
Has the role to offer spaces, locations, in order to develop the activities, support for clusters and
technological and scientific parks, presenting local and regional strategies for development so that
the technological needs for development are identified.
On the other part, the local administration is a beneficiary of the development studies performed by
the university, departments and/or entities.
Central administration
The link needs to be bi-univocal both as beneficiary of public policies and as generator, identifier of
market needs.
R&D Entity /University
Have two collaboration paths with this structure by The Entity Management Department – offering
research results and receiving research-innovation themes as necessity, respectively the scientific
and educational groups – offering scientific and educational services and receiving scientific and
educational themes as necessity.
The R&D Entity / University is the organism which manages the activity, measures the results on
the market, creates methods and functioning regulations, and controls the activity.
National and International High-Tech Companies
Usually they have their own research-development and innovation groups.
At the same time, they need a powerful training component to know and offer research themes
sometimes fundamental and of large perspective.
The expertise and high level competences are absolutely necessary.
These companies may be interested by research results, technological transfer and new themes
generators with potential market results.
To become a partner of the technological and scientific park, a partnership agreement may be
signed. Likewise, these companies may also be members in the competitiveness clusters / pools
or may conclude partnership agreements with the R&D institutions / organisations or may activate
independently and collaborate punctually in accordance with the necessities. A partnership
agreement foresees:
 The mutual participation to the achievement of innovative projects in the field of high-end
technologies, new efficient ways to manufacture and implement competitive high-end
technology products on internal and international markets.
 Development of mutual investment programs in the innovation sectors of the economy in order
to magnetise direct foreign investments
 Representation and defending the mutual interests deriving from statutory aims of the
contractual parties.
 Promoting the efficient development of innovative structures in the technological and scientific
park.
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Innovation promoting activity – Innovative projects competition
The competition is organised in collaboration with the entities from the eco-innovating structure,
innovative companies, business development and innovation funds and professional associations.
The purpose of the competition is to find the best suited technological activity for commercializing
and developing the innovative activity, to create partnerships, to attract young people, students, the
scientific and business community to participate at the technological transfer promoting
cooperation between scientists, businessmen / businesswomen and government for the innovative
development of economics and it integration in the European and global space with high-end
technology.
The competition focuses on innovative businesses oriented projects which have a scientific and
practical value and which can be introduced in production and used in the economic activity with
the proper social or economic effect.
12. How do you Measure Innovation Results and Outcomes
If we define innovation as “people creating new value and capturing value in a new way,” there are
basically some focal points to measure it:
 Past / current innovation performance
 The demonstrated ability to create and capture sustainable and profitable value from
innovation
 Future/expected innovation potential
 Effective/efficient innovation capacity
 The activated capacity to realize the firm’s full growth and innovation potential
Innovation management covers many aspects from business intelligence to idea generation
to managing intellectual property and working with innovation partners. To focus on the whole
chain in a more balanced way, it is recommended that companies utilize a diagnostic tool to
assess the quality of the different links.
The Assessment report provides a comprehensive picture of your firm's innovation management
performance and capacity. The report has a main section with key information on firm's innovation
management performance and a section with valuable detailed information on the company. It
presents performance scores and compares them with the scores of the Growth Champions and
the average for your benchmarking class.
The evaluation assesses five dimensions: Innovation Strategy, Innovation Organisations and
Culture, Innovation Life Cycle Processes, Enabling Factors and Innovation Results. The “spider”
diagram shows your performance on each dimension.
Based on standard compliant assessment tools and the largest benchmarking database on
innovation management, companies can compare their innovation management capabilities and
performances against the average scores of thousands of direct or indirect competitors.
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Fig. 5. Forming entrepreneurships; selection of projects to create start-ups/spin-offs
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The advantages:
For high-end technology companies:
 Development of new technological solutions and creating new competitive products
 Reducing the innovative cycle and implementing the idea into the product
 Reducing the risk of creating and manufacturing non-competitive products
 Attracting competitive specialist to promote intensive scientific products
For investments and risk funds:
 Availability of implemented innovative projects ready to be promoted on the market
 Availability of innovative projects in an incomplete implementation phase
 Innovative development ”bank”; Profitable developments fields
 High-end technology logic efficiency warranty and profitability of invested developments
 Reducing the invested funds, full payment period
 Implementation potential of the end result on large scale
 Interaction with the state at governmental level
Projects coordinated in a transparent manner:
 Investor and project managers
 Investment fund control, target use
 Development and implementation process control
For research-development entities and scientists:
 Financial and technological conditions to achieve and promote innovative ideas on the market
 Obtaining the copyrights – remuneration for the developed and patented use, popularity
amongst business and scientific circles
For faculties and departments:
 High certification training and graduating specialists with practical and theoretical knowledge
application.
 Developing a laboratory scientific basis with high-end equipment
 University and students’ involvement in innovative businesses.
For government:
Nationally:
 Accelerating the innovative economic development
 Preventing the ”brain exodus”; Increasing the nation’s life quality
 Increasing the foreign investments and possibilities of exportation
Locally:
 New high-end tech jobs
 Increase the standard living level
 Consolidating the staff component in the technical and scientific potential of the region
 Attracting regional investments; improving regional infrastructure.
Horizon 2020: Commission Work Programme: towards EU's future in 2025 and beyond
The Commission Work Programme 2018 released on 24 October lays the groundwork for concrete
actions that will complete the work on President Juncker's 10 political guidelines. The boost of
jobs, growth and investment through the Circular Economy Action Plan is at the core of the
Commission’s agenda for the year ahead.
The work programme shows how the Commission plans to give practical effect to the political
priorities set out by the President. It provides a multiannual overview to help stakeholders and the
other EU institutions plan their work with the Commission.
Europe is visibly regaining its strength. The European Union is now in its fifth year of an economic
recovery that reaches every single Member State. With growth now above 2% for the EU as a
whole – and 2.2% for the euro area – Europe's economy has grown faster than that of the United
States over the last two years. Almost 8 million jobs have been created during this mandate,
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thanks in part to the work of the EU Institutions, the contribution of the European Fund for Strategic
Investments, the Youth Guarantee, the European Structural and Investment Funds, and the
monetary policy of the European Central Bank. Confidence and trust in the European Union is
returning. Leaders in Rome in March declared their will to make the European Union stronger and
more resilient, through even greater unity and solidarity and the respect of common rules.
Europe now has a window of opportunity – but one that will not stay open forever. To make the
most of the current momentum, the Commission is tabling its work programme for the next 14
months to the end of 2018. This builds on the Roadmap for a More United, Stronger and More
Democratic Union, which President Juncker presented alongside his State of the Union address on
13 September 2017. It will help keep Europe on track by continuing to deliver on its positive
agenda, and it will ensure that Europe's focus remains firmly on the big things, where European
action has a clear and demonstrable added value.
On the Participant Portal
http://ec.europa.eu/research/participants/portal/desktop/en/funding/reference_docs.html#h2020work-programmes-2018-20
you can find all the H2020 reference documents starting with legal documents and the Commission
work programmes for research and innovation up to model grant agreements and guides for
specific actions and horizontal issues. The documents are grouped by categories. It also includes
reference documents of other EU programmes, as 3rd Health, Consumer, COSME and Research
Fund for Coal and Steel programmes.
 Legislation
 Work Programmes
 Main WP
 Future and Emerging Technologies (FETs) 2018-20
 Information and communication technologies (ICT) 2018-20
 Nanotechnologies, advanced manufacturing and processing 2018-20
 Innovation in SMEs 2018-20
 Secure, clean and efficient energy 2018-20
 General Annexes to the Main WP
 European Research Council
 Euratom
 Grant agreements, contracts and rules of contest
 Guidance
 Templates & forms
 Expert names (annual lists)
13. Conclusions
The first step in creating a sustainable commercialization of research results, Technological
Transfer – TT mechanism, on one hand is to define the “technology” which will be transferred and
on other hand to define the context in which the TT mechanism work, the ecosystem.
The innovation ecosystem model brings together new companies, experienced business leaders,
researchers, government officials, established technology companies, and investors. This
environment provides those new companies with a wealth of technical expertise, business
experience, and access to capital that supports innovation in the early stages of growth. It is
necessary to develop an IT system to allow ecosystem to insert data and connect each to other.
The monitoring and measurement of the performance of the ecosystem is mandatory.
It is necessary to consider education, entrepreneurial culture, and personal formation, on each
stage of development of eco-innovation models. Meanwhile development models should work in
innovative eco-systems, and functional complex that creates competitiveness and added value.
I want to remember a quote by Victor Hwang (author of Innovation Rainforest) who said that
“Economies thrive when culture overcomes social barriers and fosters connectivity, trust,
and collaboration between diverse people…” Think about that.
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