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ANALYTICAL ESTIMATION OF AN
EXTERNAL GEAR PUMP’S SPEED LIMIT
Dipl.-Ing. Markus KUNKIS1, Prof. Dr.-Ing. Jürgen WEBER2
1

TU Dresden, Institute of Fluid Power, kunkis@ifd.mw.tu-dresden.de

2

TU Dresden, Institute of Fluid Power, mailbox@ifd.mw.tu-dresden.de

Abstract: An analytical approach to estimate the cavitating suction flowrate and the corresponding
speed limit of external gear pumps is presented. It shall give pump manufacturers a basis to
already focus their machine design on maximum rotational speed at a very early design stage,
since increasing rotational speed and power density have recently moved into the focus of
numerous research and development projects. The presented methodology is based on Bernoulli’s
equation and Dalton’s equilibrium law of air solubility. It is verified using available data of an
exemplary pump in several nominal sizes. The relevant parameters influencing the speed limit are
identified. Studies on them reveal the potentials of speed limit increase for adjusted constructive
and system parameters. Eventually, the application of this methodology on internal gear pumps
and axial piston pumps is discussed.
Keywords: external gear pump, speed limit, cavitation
1. Introduction
The speed limit of external gear pumps is determined by the occurrence of cavitation at higher
rotational speeds. Cavitation involves the risk of damaging the machines’ parts and leads to filling
losses and a decrease of the delivery flowrate over rotational speed. Since speed-variable electric
drives are increasingly being used in stationary applications and ecological, economical and
societal requirements to energy efficiency force manufactures to develop more light-weighted
components for mobile applications, the increase of hydrostatic pumps’ speed limits has moved
into the focus of recent research and development activities.
Commonly, the speed limits given by the pump manufacturers in their datasheets are determined
experimentally. The drop of the delivery flowrate below a certain proportion of the theoretical
flowrate is being utilised as indicator for cavitation. Now, the above-mentioned trends require the
estimation of the pumps’ flow characteristics and speed limits far before mechanical prototypes can
be tested, allowing a targeted machine design in very early development stages.
Recently, powerful CFD1 tools and computing hardware are allowing the accurate prediction of
these flow characteristics [1]. However, especially SMEs2 cannot always afford high license fees
and the required expert personnel. On top of that, not all the required geometry features needed
for CFD model setup are defined and available in early development stages.
Therefore, in this paper an analytical approach for the estimation of external gear pumps’ flow
characteristics and speed limits is presented and verified for a sample pump, followed by studies
on relevant input parameters.
2. Analytical Bases
For axial piston pumps, there have been several approaches to calculate the cylinder pressure via
Bernoulli’s equation and the tangential velocity of the cylinders in the rotating barrel [2],[3].These
approaches can easily be applied to external gear pumps using the tangential velocity of the gears.
The above-mentioned approaches end with the calculation of the cylinder pressure, stating that it
1
2

CFD: Computational Fluid Dynamics
SMEs: Small and Medium Enterprises
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must not fall below a critical pressure. The exact value of this pressure is unknown and the suction
flowrate cannot be calculated.
Since most recent numerical research work on the speed limit of axial piston pumps has revealed
that their filling losses are dominated by gas cavitation and that Dalton’s equilibrium law of
solubility is suitable for accurately predicting them, this correlation is now used to extend the
approaches described above [1]. This way, the cavitating suction flowrate and the actual speed
limit of the machine can be estimated. The methodology is summarised in Fig. 1 and will be
explicitly described in the following.
Pump
kinematics

Tangential
velocity
cT

Speed
limit
nLim

Bernoulli‘s
equation

Speed limit
criterion

Pocket
pressure
pP

Dalton‘s
equilibrium law

Cavitating
suction
flowrate QS

Geometric
flowrate

Dissolved
air volume
fraction αP

Free air
volume
fraction rP
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gas law

Fig. 1. Methodology for analytical estimation of the suction flowrate and speed limit

Bernoulli’s equation is used to describe the stream filament from the pump inlet, where flow
variables are indicated “S” for “Suction duct”, to the pocket, indicated “P”, at the point, where the
connection between suction duct and pocket has just been interrupted:
𝜌
𝜌
(1)
𝑝S + ∙ 𝑐S 2 = 𝑝P + ∙ 𝑐P 2
2
2
pS is the pump inlet pressure. Since the self-priming suction pressure depends very strong on the
system layout and the pressure losses from the way from the tank to the pump and datasheet
speed limits are commonly given for a constant, nominal suction pressure, this datasheet value
pS,nom is used for the calculation. The flow velocity in the suction duct is given by
𝑐S =

𝑄S,geom
𝐴S

(2)

with
𝑄S,geom = 𝑉1 ∙ 𝑛

(3)

and:
𝜋
(4)
∙𝑑 2
4 S
The pocket velocity cP is given by the average tangential gear velocity cT at the pitch circle
diameter D:
𝐴S =

𝑐P = 𝑐T = 𝜋 ∙ 𝐷 ∙ 𝑛

(5)

All relevant geometric parameters are illustrated in Fig. 2 for the examined sample pump. The fluid
density has been set to ρ = const. = 880 kg / m³ and represents the commonly used hydraulic oil
HLP 46 [4].
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Fig. 2. Sample pump and relevant geometric parameters [5]

After rearranging (1) and calculating the pocket pressure pP, Dalton’s equilibrium law of air
solubility is used to calculate the dissolved air volume fraction αP in the pocket:
𝑝P
(6)
𝛼P = 𝛼0 ∙
𝑝0
The maximum of αP is limited by the dissolved air volume fraction at the pump inlet αS. α0 is the
Bunsen coefficient that was set to 8 % for mineral oil and p0 is the reference pressure of 1 bar.
The difference between the initially dissolved air content at the pump inlet αS and the dissolved air
content in the pocket αP equals the free air content rP,0 in the pocket at reference pressure p0:
𝑟P,0 = 𝛼S − 𝛼P

(7)

To correctly predict the volume fraction that this free air is occupying in the pocket, its density must
be corrected corresponding to the pocket pressure pP using the ideal gas law assuming isothermal
conditions:
𝑝 ∙ 𝑉 = const.

(8)

The free air volume fraction in the pocket rP is thus given by:
𝑟P = 𝑟P,0 ∙

𝑝0
𝑝0
= (𝛼S − 𝛼P ) ∙
𝑝P
𝑝P

(9)

Finally, the cavitating suction flowrate QS is given by:
𝑄S = 𝑄geom ∙ 1 − 𝑟P = 𝑉1 ∙ 𝑛 ∙ 1 − 𝑟P

(10)

Thus, the relevant parameters influencing the suction flowrate QS and thereby the speed limit nLim
are known:
𝑄S = 𝑓(𝑛, 𝑉1 , 𝐷, 𝑝S , 𝑑S , 𝛼S )
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The described methodology was verified for various frame and nominal sizes of the sample
pump [5]. The corresponding parameters were obtained from the datasheet and drawings and are
summarised in
TABLE 1.
TABLE 1: Parameters of the examined sample pumps [5]
Frame
size

Nominal
size

Displacement
volume V1

Inlet
diameter dS

Pitch circle
diameter D

Maximum rotational
speed nLim

2

6,3/20

6,3 cm³

19 mm

45 mm

4000 rpm

2

10/20

10 cm³

25 mm

45 mm

4000 rpm

2

16/16

16 cm³

25 mm

45 mm

4000 rpm

4

40/20

40 cm³

25 mm

69 mm

2400 rpm

4

63/20

63 cm³

32 mm

69 mm

2400 rpm

4

80/16

80 cm³

32 mm

69 mm

2400 rpm

The calculated suction flowrates QS are shown in Fig. 3. The datasheet speed limits are crossing
them at:
(12)

𝑄crit ≈ 0.97 𝑄geom

This is a commonly used speed limit criterion and will also be applied to estimate the potential of
increasing the speed limit in the following parameter studies [6].
Frame size 04
Nom. size 80

250

Frame size 04
Speed limit

225
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Suction flowrate QS

200
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63

Geometric
Cavitating

175
150
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16
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02
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02
06

0
0

800
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3200
4000
Rotational speed n

4800
rpm

Fig. 3. Suction flowrate and speed limit for various pump sizes
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2. Parameter Studies
In the following, the results of studies on the relevant parameters influencing the suction flowrate
QS and the speed limit nLim are presented. The displacement volume V1 and the pitch circle
diameter D have not been considered since they are design constraints influencing the geometric
flowrate Qgeom. The parameter studies were carried out for the machine of frame size 4 and
nominal size 40/20. All deviations of the speed limit nLim refer to the speed limit nLim,nom at the
nominal inlet parameters of pS = 1.0 bar and αS = 8 % of the pump’s serial design. These reference
characteristics are highlighted blue.
Fig. 4 shows the calculated suction flowrates QS for varying suction pressures. For pS = 0.8 bar, the
speed limit decreases by 54 % to nLim = 1300 rpm. This shows the importance of designing
minimum pressure loss suction lines from the tank to the pump. For pS = 0.6 bar, QS is located
below Qcrit for all rotational speeds n. Thus, the speed limit is indefinable. For pS = 1.4 bar, the
speed limit increases by 54 % to nLim = 3700 rpm. The positive effect of preloaded tanks on the
speed limit is well known from practical applications and commonly used in mobile machines. Also,
pre-compression by charge pumps is common in aircraft hydraulics. However, this usually applies
to axial piston pumps and is not economically reasonable for the particularly simple and cheaply
manufacturable external gear pumps.
1.4 bar
3700 rpm

160
Geometric
Critical
Cavitating

Suction flowrate QS

l/min
140
120

1.2 bar
3100 rpm
1.0 bar
2400 rpm

100
80

0.8 bar
1300 rpm

60

pS = 0.6 bar
nLim = indef.

40
20
0
0

800

1600
2400
3200
Rotational speed n

4000
rpm

4800

Fig. 4. Suction flowrate and speed limit for varying suction pressures

Fig. 5 shows the calculated suction flowrates QS and speed limits nLim for varying dissolved air
volume fractions at the pump inlet. Halving αS to 4 % holds out a speed limit increase of 25 % to
nLim = 3000 rpm, a reduction of αS to only 1 % even a speed limit increase of 63 % to nLim =
3900 rpm. The realisation of such dissolved air contents requires the application of upstream air
separators and / or advanced tank designs that are subject to most recent academic research and
industrial R&D3 activities [7],[8]. Following the equations, completely air-free oil would allow an
infinite speed limit. However, the lack of under-pressure compensating air would actually lead to a
drop of the pocket pressure pP below the liquid’s evaporation pressure. Vapour cavitation would
occur and limit the maximum speed by possible erosion damage to the pump and filling losses.

3

R&D: Research and Development
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Fig. 5. Suction flowrate and speed limit for varying dissolved air volume fractions

Fig. 6 shows the calculated suction flowrates QS and the corresponding speed limits nLim for varying
inlet diameters. Reducing it to dS = 15 mm would theoretically allow an infinite speed limit. That is
because an acceleration of the fluid onto the tangential velocity would not be necessary, as Fig. 7
shows. Hence, the flow velocity cS in the suction duct should be as close as possible to the
tangential velocity cT respectively to the pocket velocity cP. However, the flow within the suction line
and suction duct would then develop into laminar-turbulent transition, as Fig. 8 shows, and cause
inacceptable pressure losses within the system piping, leading to a lower inlet pressure once more
involving filling losses and requiring a higher driving power of the pump.
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Fig. 6. Suction flowrate and speed limit for varying inlet diameters
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Fig. 7. Flow velocity for varying inlet diameters
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Fig. 8. Reynolds number for varying inlet diameters

Considering the Reynolds-Numbers in Fig. 8, an inlet diameter of dS = 20 mm would possibly still
be acceptable resulting in Re ≈ 2500 at the corresponding speed limit nLim = 2700 rpm. The
maximum speed and thereby the power density could thus be increased by 13 % applying this
design modification.
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3. Summary and Outlook
An analytical approach allowing an estimation of the cavitating suction flowrate and the speed limit
of external gear pumps has been developed on the basis on Dalton’s equilibrium law of air
solubility and verified for several sizes of an exemplary pump. The parameters influencing the
suction flow characteristic have been identified and varied in parameter studies. The corresponding
results are summarised in
TABLE 2.
TABLE 2: Summarized results of the parameter studies
Inlet
pressure pS

Inlet dissolved
air volume
fraction αS

Inlet
diameter dS

Speed
limit nLim

Inlet Reynolds
number Re at nLim

Potential
ΔnLim / nLim,nom

1.0 bar

8%

25 mm

2400 rpm

1771

± 0%

0.6 bar

8%

25 mm

indefinable

1771

indefinable

0.8 bar

8%

25 mm

1300 rpm

1771

- 54 %

1.2 bar

8%

25 mm

3100 rpm

1771

+ 29 %

1.4 bar

25 mm

3700 rpm

1771

+ 54 %

1.0 bar

8%
4%

25 mm

3000 rpm

1771

+ 25%

1.0 bar

1%

1771

+ 63%

8%

25 mm
15 mm

3900 rpm

1.0 bar

indefinable

1771

indefinable

1.0 bar

8%

20 mm

2700 rpm

2491

+ 13 %

1.0 bar

8%

30 mm

2300 rpm

1415

-4%

1.0 bar

8%

35 mm

2200 rpm

1160

-8%

The parameter studies show a moderate potential for speed limit increase by modifying the pump’s
inlet diameter whereas degassing the delivered liquid or preloading the tank offer a significant
potential of speed limit increase by 50 % and more.
The presented methodology can also be applied on internal gear, gerotor and axial piston pumps.
For that case, constrictions and redirections, which commonly occur in the suction ducts of such
machines as illustrated in Figure 9a, must be taken into account for the pocket pressure
calculation. The modified Bernoulli equation considers the additional pressure loss in the suction
duct by adding the term ΔpS:
𝑝S +

𝜌
𝜌
∙ 𝑐S 2 − Δ𝑝S = 𝑝P + ∙ 𝑐P 2
2
2

(13)

ΔpS can be calculated as follows:
Δ𝑝S = 𝜁S ∙

𝜌
∙𝑐 2
2 S

(14)

ζS is the suction duct’s pressure loss coefficient. It can be obtained either by experimental
measurements or by CFD simulations and depends on the shape of the redirection and of the
aspect ratio between inlet and outlet. An exemplary pressure loss optimisation of an axial piston
pump’s suction duct can be found in [9] and [10].
For internal gear and gerotor machines, all other correlations remain unchanged. For axial piston
pumps, the calculation of the pocket velocity cP needs to be modified as well, since it is determined
not only by the tangential velocity of the pockets in the cylinder barrel cT, but also by the average
piston velocity cPis, as Figure 9b illustrates.
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Fig. 9. Physical and schematic suction ducts

The modified equation is given by
𝑐P =

(15)

𝑐T 2 + 𝑐Pis 2

with
(16)

𝑐Pis = 𝑥max ∙ 𝑛

where xmax is the full piston stroke length.
In future research work, it will be shown that the presented analytical approach is valid for these
machine types as well and potentials for increasing their speed limits will be revealed.
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Abstract: This paper discusses the influence of the some critical parameters on the performance
of a compound pressure relief valve with damping spool poppet. Using derived non-linear
differential equations, a mathematical model in Matlab –Simulink has been obtained. While solving
the system equations numerically, the pressure-flow characteristics of the fixed, variable hydraulic
restrictors and the damping poppet type unit have been taken into consideration. The dynamic
characteristics of the valve were examined by a computer simulation with regard to the pressure
set point, hydraulic restrictors and spring stiffness, during the transient discharge flow.
Keywords: compound, damping, dynamic, restrictors, stiffness.
1. Introduction
The performance of a hydraulic control system is strongly influenced by the dynamic
characteristics of its control valves. The pressure relief valve is used in every hydraulic system to
limit the maximum pressure and safe guard the system. There are two types of such valve that are
commercially available: single and compound type. The single stage relief valve operates with a
spring to pre-load the poppet of the valve. The use of such valve is gradually diminishing due to its
high pressure override characteristics. In order to improve such characteristics, a pilot stage valve
is introduced along with the main valve. This valve can maintain a constant pressure and better
pressure-flow regulations in a hydraulic system; therefore such valves are used in sophisticated
hydraulic control systems The use of cartridge valves is preferable in applications where large flow
and or pressure is required. [1,2,3].
Due to the interactions between mechanical and hydraulic forces and the complex nature of fluid
flows, the modeling and behavioral simulation of hydraulic valves still remains a formidable
challenge. Strong non-linearities in the governing conservation equations of mass and momentum,
cavitation effects, wave propagation, laminar, transitional and turbulent flow, discontinuities, and
stiff system equations have to be tackled within reasonable integration time limits. [6].
The transfer function method is very powerful tool for analyzing hydraulic control systems. But it is
limited in that non-linear terms that frequently appear in hydraulic describing equations, must be
linearised in one fashion or the other, usually about an operating point. For large variations such as
step changes in the input, the transfer function may not be well-suited. The other analytical
approach such as Bondgraph technique [7] which does not involve linearization. It is a powerful
tool for modeling complex systems even with interaction of several energy domains. Bond graphs
can quickly and accurately model the dynamics in the fluid power system components [13, 14].
Root locus and Bode diagrams methods used to optimize the parameters, so as to improve valve
performance [59]. Presented an alternative model, where the damping orifice is allowed to vary.
The analysis of this model shows that higher bandwidth performance was achieved and the closing
time of the valve was improved.
A general approach is the use of tabulated flow data from stationary measurements or three
dimensional CFD simulations of single hydraulic components. For a given system, accurate results
can be achieved with this approach. Integrating a three dimensional flow model into the behavioral
simulation is possible in principle and would provide a complete set of parameters, but is
impracticable due to unreasonable demands on computation times and complex valve geometry
accuracy. Thus, an appropriate model has to be derived that contains only those parameters that
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are needed in the optimization process, plus those describing the operating conditions of the valve
design.
[17] In this paper a mathematical model of the static characteristics for a pilot operated pressure
relief valve with compensating piston has been developed. The influence of the compensating
piston to the static characteristic has been emphasized as a manner for reducing the difference
between pressure of opening of the pilot valve and the main valve. This override is reduced with
built-in compensating piston in front of the pilot valve.
The work presented in this article [18] deals with the modeling of the valve system performed
through MATLAB-SIMULINK simulation technique. A non-linear model of the system explaining the
physical characteristics of each element of the valve assembly based on the physical laws has
been developed. The effects of significant design parameters, spring stiffness and hydraulic
restrictors of the valve on its dynamic response are investigated. Understanding and predicting the
relationship between pressure drop and flow rate through orifices is essential for the design
and evaluation of fluid power and flow control devices.
The time response of a hydraulic system is the integrated result of the response times of all of the
components used in the system. The ability to understand and manage the valve performance
characteristics like transient response, pressure-flow are important in automation and heavy
industrial processes. In this paper, part of experimental research work carried out on the two stage
pressure relief valve [19].
It is summarized that the compound pressure relief valves allow for great flow rate with smaller
override pressure, compared with the direct-operated relief valves. The compound pressure relief
valve with pilot valve damping poppet has scarcely been analyzed. There are different designs of
compound pressure relief valves have been studied, it is also called pilot operated pressure relief
valve and two stage pressure relief valve. The main feature of this type of valves is a difference
between pressures of opening of the pilot valve and the main valve i.e. pressure override of the
valve and damping.
With the addition of the pilot stage, the main and the pilot spool become coupled together
hydraulically, which makes the design and analysis of the valve more composite. Several design
and analysis approaches including Root locus , Bode plot, Bondgraph, transfer functions, state
space model, Artificial neural network, CFD models have been developed to study the static and
dynamic characteristics of a valve using simulation softwares as well as with experimental setup
[3–5,16,72,59].
Dynamic characteristics of a valve in conjunction with other hydraulic components are important in
designing the hydraulic control system. The basic compound pressure relief valve is dynamically
undesirable due to relatively low viscous damping that causes the high frequency oscillations to
exist. This problem is overcome by introducing a damping poppet in the pilot valve.
2. Configuration of Compound Pressure Relief Valve
Fluid power systems faced the problem of working with large volumetric flows, initially
conventional valves were used, but the forces acting on the spools and poppets forced to the
manufacturers to use large springs, valves became, for these particular applications, too
expensive and rather inefficient. To solve these problems cartridge valves were created. A
cartridge valve is a logic element, it essentially consists of a spool inserted in a main block and
fluid pressure acts on the spool both sides generating a hydrostatic equilibrium. A low
stiffness spring assures the spool position at rest.
Its function is limiting the pressure in a circuit via directing the fluid to the tank, the valve is
normally closed and its area rate A1:A3 is usually 1:1. Figure 1 presents a typical
configuration of a pressure relief cartridge valve, port A is connected to the main circuit while port B
is connected to tank, pressure of port A acts on both sides of the spool maintaining the valve
closed thanks to the spring force. Whenever the pressure on port A reaches a pre
determined setting level, it displaces the conical seat valve located on top of the main
cartridge valve, and allows the fluid to go from port A to port Y which is usually connected to tank.
As a result, the pressure onto the main spool upper part decreases allowing the spool to move
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upwards and the main flow goes from port A to port B limiting the pressure in the circuit.
Fig. 2. presents the location of the pressure relief cartridge valve in a circuit. The sort of valve
described in figure 1 is manual adjusting cartridge type compound pressure relief valve ,since the
opening pressure is being set manually via adjusting the screw located on top of the valve.

Fig. 1. Manual adjustable CPRV valve

Fig. 2. Valve location in circuit

The main parts of a typical two way cartridge valve is presented in figure 4 , it consist of three main
parts, the valve main body, the spool which is being inserted in the main body and the control
block. The spool is the moving part of the logic element, which consists of a sleeve, a spring and
the spool. This sort of valve does not operate by itself, it needs a control block, where a piloting
valve is mounted and which regulates pressure onto the upper part of the spool. Whenever the
hydrostatic equilibrium is being modified, the spool displaces and opens the passage between
ports A and B. The areas where pressures on ports A, B and X are acting and clearly these areas
play a decisive role.

Fig. 3. Logic element of a cartridge valve and its symbol

Fig. 4. Main parts of Cartridge valve

Figures 5 and 6, present the areas where fluid pressure acts, notice that there are three
representative areas, A1, A2 and A3. Area A1 is usually taken as the reference one, cartridge
valve dimensions are given as a function of the area A1, port A pressure acts onto this area. The
area A2 is an annular one, when the valve is at rest, the pressure of port B acts onto the area A2,
it is important to realize that this area does not always exist, since in some cartridge
configurations the areas A1 and A3 are the same. The area A3 characterizes the upper
part of the spool, over this particular surface it may act the same pressure of port A, or port B or a
different one, in fact a generic cartridge valve will behave as a different sort of valve depending of
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the pressure acting over the surface A3. Different relations between areas A1 and A3, are
typically used for different sort of valves, a relation 1:1 is often used for pressure control
valves, relations 1:1.1; 1:1.5 and 1:2, are normally used in flow directional valves.

Fig. 5. Different area rate in cartridge valve

Fig. 6. Main valve Spool element

These areas play importance in the operation of this valve. Under static conditions, forces on both
spool sides, due to pressure and the spring, maintain equilibrium, but while valve opens or closes
dynamic forces play an important role. Figure 6 presents a generic cartridge valve when the valve
is slightly open. Under these conditions, dynamic forces due to the fluid momentum interchange
between the entrance area and the minimum fluid passage between the spool and the valve main
body. It is important to realize that these forces, although often small compared with the static
ones, destabilize the spool and may generate erratic behavior, these forces often tend to close the
spool.
Hydraulic Resistors
Hydraulic resistors are components that resist flow. Another way of looking at fluid resistors are
any component that causes a pressure drop when fluid flows through the component. Fluid
resistors include valves, filters, hoses, pipes and fittings. The sections on conduit, orifice and valve
flow, real fluid resistors are nonlinear and typically relate flow to the square root of pressure. In fluid
power systems orifices mostly work clearly in turbulent region the modeling of this field is
essentially important.
Downstream Effects
Downstream effects are connected with the possibility of pressure variations behind the poppet
due to fluid motion. These are due to the both fluid inertia and compressibility, but also are strongly
affected by the fluid vorticity and turbulent mixing from the jet as it leaves the poppet. Stone noted
that a poppet stable when exhausting into a „infinite‟ downstream chamber would oscillate when
confirmed by a circular tube, indicating that the change in flow pattern caused by downstream
effects and largely due to fluid compressibility. A simplified analysis will show the adverse effect
that this may cause. The real part of the impedance of a component is related to its damping
characteristics. Spending on the characteristics of the connected system, this may lead to self
excited oscillations and instability. It is necessary to analyze the valve in conjunction with the
connected system to determine whether the system is stable. The impedance of the valve at its
downstream port, and the characteristics of the down-stream components should also be
considered in a stability analysis.
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3. Valve Physical Model
In analyzing the dynamic performance of the cartridge type compound pressure relief valve [20], is
considered as shown in Fig.7. In the valve system, as the pressure exceeds the limit set at the
relief valve and the fluid is bypassed to the tank at a constant pressure.

Fig. 7. Valve Schematic diagram

Fig. 8. Valve Functional diagram

Fig.8. represents the functional diagram of the two stage pressure relief valve. This valve can be
observed as a system consisted of three subsystems: main spool, pilot poppet and fixed orifices. In
neutral position both pilot poppet and main spool are closed under the influence of the springs and
there is a balance of forces at the closing element of the main spool. When the pressure infront of
the pilot reaches higher value than the preset pilot spring force, the closing element of the pilot
poppet gets opened and oil begins to flow through the variable orifice. The pressure in the upper
part of the main spool is maintaining approximately constant by the pilot poppet. With further
increase of the inlet pressure, the pressure drop continues to increase. Once the fluid force acting
at the bottom of the main valve overcomes the fluid plus spring force, at which the main valve is
opening and the major flow, occurs. By changing the inflow, the pressure drop also change which
leads to moving the closing element of the main spool. The direct-operated relief valve is used to
impose an upper limit to the spring chamber pressure. The pilot stage has small dimensions and a
very stiff spring. However, the override pressure is of negligible value in this valve, due to the very
small flow rate.
4. Mathematical model
The equations presented in the modeling section are designed to simulate one specific valve of
Polyhydron Pvt Ltd .The formulated equations can be used to solve for a multitude of different
parameters and loading conditions.
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Nomenclature
mm =Mass of the main valve cylindrical poppet ,
P1 = Pressure infront of cylindrical poppet
dm=Diameter of cylindrical poppet,
Am = Area of cylindrical poppet
Amo = Main valve orifice area
ASC = Area of spring chamber
bm= Damping coefficient
km= Spring stiffness
y0 = Spring pre-compressed length
Cfm = Main valve Flow factor
y= Cylindrical poppet displacement
pSC = Spring Chamber pressure
mp = Mass of the pilot valve conical poppet
p3 = Pressure infront of conical poppet
dp = Diameter of conical poppet
Ap = Area of conical poppet
Apo= Pilot valve orifice area
bm = Damping coefficient
kp = Spring stiffness
xo = Spring pre-compressed length
Cfp = Pilot valve Flow factor
x = Conical poppet displacement
Q1 = Input flow
β=1.5e9 Pa
3
ρ=850kg/m
Cd=0.62

V1 = Volume of fluid chamber at 1
V2 = Volume of fluid chamber at 2
V3 = Volume of fluid chamber at 3
VSC = Volume of spring fluid chamber
VDC = Volume of damping spool fluid chamber
Q1 = Input flow to Main valve
Q2 = Flow into pilot valve chamber
Q3= Flow into pilot valve
Q4 = Flow from pilot valve
Qspc = Flow into spring pad chamber
Q5 = Flow from Main Valve
V4 = Poppet outlet chamber
VSPC = Spring Pad chamber
V6= Downstream chamber
P4= Pressure at poppet outlet chamber
dsp = Diameter of spring pad
Asp = Area of spring pad
hsp = Spring pad clearance

dm=17mm
bm=750NS/m
Km=6700N/m
mm =37.98gm

bp=160Ns/m
mep=13.5gm
Kp=62100 N/m
dm=5mm

Equation of motion for Pilot Valve Poppet:
Considering that the total mass of the moving parts mp is equal to the mass of the poppet plus onethird mass of the spring and pad, the differential equation of the dynamic behaviour is derived as
follows:
Hydraulic force on (poppet - spring pad) = Mass acceleration force + Damping force + Spring force
+ Flow reaction force + Seat reaction force
(1)
(2)

Equation of motion for Main Valve Poppet:
Hydraulic force = Mass acceleration force + Damping force + Spring force + Flow reaction force +
Spring chamber force
(3)
(4)

29

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
Continuity Equations Applied to the Fluid Chambers
Due to compressibility of the fluid and elasticity of the hoses, tubes, the flow rate at the test valve
can be different from that one at the exit to the pump. To model the compressibility effects, a
hypothetical chamber is added whose volume is equal to the total volume of oil in front of the test
valve system. For each of the fluid chambers, equations of continuity considering compressibility of
fluid are formulated.
Pressure transient at fluid chamber V1.
(5)
Pressure transient at fluid chamber V2.
(6)
Pressure transient at spring fluid chamber VSC.
(7)
Pressure transient at fluid chamber V3.
(8)
Pressure transient at damping fluid chamber VDC.
(9)
Downstream Compressibility Effect
A simplified system is shown in figure, where it is assumed the upstream pressure is constant, the
downstream volume is V6 and the restriction is given by At. Several researchers have examined
the stability of system consisting of valves connected to pipelines and other components. As a
general rule the stability depends not just on the valve but also on the other component
characteristics.
Pressure transient at poppet outlet fluid chamber V4.
(10)
Pressure transient at spring pad fluid chamber Vspc.
(11)
Pressure transient at down stream fluid chamber V6.
(12)
The equations 1 to 12 describing the behavior of the valve deduced and the performance of this
valve is discussed with respect to pressure-flow characteristics. Using the above deduced
equations, a mathematical model describing the dynamic behavior of the valve is observed. This
deduced mathematical model were applied to develop computer simulation using
MATLAB/SIMULINK environment [21].
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Fig. 9. SIMULINK Model

5. Results
In continuation with the previous experimental work on compound pressure relief valve, various
pressure-flow responses are obtained considering the step input flow rate [19]. The developed
model matches very well with the experimental results. The below images shows the digital
storage oscilloscope display of transient pressure (yellow) and flow (green) curves.

High Pressure – Low Flow

Low-Pressure - High Flow
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Through experimental study, the pressure transient response of the valve for different precompression of the pilot valve spring observed. The results of the experimental investigation and
the solution of the simulation model are presented in Fig.10-11. With the increase in the precompression of the pilot spring, the steady state valve pressure increases. On the other hand, the
peak time and the settling time of the response also increases.

Fig. 10 Transient response for 192 Bar

Fig. 11 Transient response for 192 Bar

For the same set pre-compression of the pilot spring, it shows that with the increase in the flow
rate, the peak pressure as well as the steady state pressure increases. This may due to the rise in
fluid reaction forces which tend to close the pilot valve poppet. Hence readjustment of the precompression of the pilot valve is needed to attain the same steady state pressure for higher flow
rate. Also the response of the valve for high flow rate is faster.

Fig. 12. Pressure Transient

Fig. 13. Flow Transient
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Fig. 14. Pressure Transient

Fig. 15. Flow Transient

Table 1 indicates of increase in flow reaction force against flow rates. Flow graph 13 shows that for
lower flow rate, pilot valve gets opened first then main valve spool opens. But for higher flow rate,
main valve cracks first and relieves the major flow when pilot valve cracks.
TABLE 1
Flow Rate, Lpm

P1, Bar

P2, Bar

Flow force, N

10

100.1

93.33

17.23

15

101.17

94.32

32.34

20

103.34

95.33

47.68

25

105.2

96.37

63.33

30

106.9

97.42

79.22

Fig. 16. Pressure-Flow

Fig. 17. Flow force v/s Flowrate
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Effect of Main Valve Spring Pre-Compression
The valve is designed with a relatively large diameter of the main poppet and a small stiffness of
the main valve spring, which decreases the override pressure. The spring is pre-compressed. But
the pre-compression force can be overcome by a pressure difference of about 1.5–5 bar between
the input pressure and the spring chamber pressure.
TABLE 2
Pressure Difference, Bar

Main Valve, P1 Bar

Pilot Valve, P3 Bar

Pressure Override, Bar

1.5

97.38

91.73

5.65

2.5

100.10

93.30

6.80

3.5

101.4

94.13

7.27

It can be observed that pressure override of the valve directly relates to the main valve spring precompression. The pressure difference across the main valve should be optimum, so that main
valve spool should be firmly seated when input pressure lower than the set pressure. It also should
reseat immediately whenever pressure drops.
Pilot Valve Poppet damping spool clearance effect.
Figure shows the influence of the damping spool clearance, which indicates that the clearance has
large influence on the stability. Small clearance made the overshoot, peak rising time and period of
damped vibration increases slightly. In contrast, if clearance was large, the overshoot, peak rising
time became small and the settling time became longer. To summarize, there exists an optimal
value for the damping orifice diameter. In addition, its small vibration has large influence on the
stability of the valve. This implies that machining error has large influence on stability.

Fig. 16. Transient response for 100 bar

Fig. 17. Transient response for 100 bar

6. Conclusion
This paper uses MATLAB/SIMULINK environment for developed model. Pressure as well as flow
at different fluid chambers of the valve can be measured. Pressure override of this valve is less
compared to the direct acting pressure relief valve. The responsiveness and sensitivity of the valve
performance with respect to the changes of some important parameters have been investigated. It
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concludes from both simulation and experiment analysis that valve can be used for wider range of
pressure-flow regulations.
This model can be précised further by including the dynamic behavior of the springs, dynamic flow
forces on the valve moving elements. This study provides a good support upon which an
interaction study between other hydraulic components and the compound pressure relief valve of a
complete hydraulic circuit system can be analyzed. The developed simulation model could be used
in predicting valve dynamic performance that could occur under various operating conditions that
are complex to build experimentally.
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Abstract: The axial propeller pumps represent the volumetric units that achieves driving and
circulation of a working fluid through a duct. This type of hydraulic unit is capable of directing the
working fluid in the axial direction within the pipeline ensuring a considerably flow rate in time,
having also the possibility of modifying the flow rate by adjusting the position of the propeller
blades that acts directly on the working fluid. The axial propeller pumps are part of hydrodynamic
or kinetic pumps that converts mechanical energy taken at pump shaft from an electric or thermal
motor into kinetic energy of the working fluid characterized by mass flow rate and flow velocity. In
this paper it is analyzed an axial propeller pump model in order to highlight the flow parameters at
circulation of working fluid inside due to the rotational movement of the propeller blades.
Keywords: axial pumps, propeller, fluid circulation, CFD
1. Introduction
In the total of hydraulic systems two types of systems are being used, namely the hydrodynamic
and hydrostatic systems.
The hydrodynamic systems are making use of a centrifugal or axial impeller pump, units that can
convert the mechanical energy taken from an external energy source into kinetic energy of the
working fluid circulated.
The hydrostatic systems are using volumetric units capable to retrieve the mechanical energy from
a motor and realizing the conversion into potential energy transmitted further through the working
fluid as volume of liquid entrained and pressure.
The axial propeller pumps are considered as hydrodynamic units capable of transforming the
mechanical energy taken from an external power source into kinetic energy of the working fluid
characterized by mass flow rate and flow velocity.
The hydraulic energy formed by the axial pump action is transmitted through the working fluid that
becomes an energy carrier fluid being utilized for various purposes such as water supply or
transport services for various liquids with different viscosities, or different hydraulic actuators.
The axial propeller pumps are used in industry for the achievement of various technological
processes which circulates a wide range of working fluids, potable or industrial water distribution.
Also are used in agriculture for driving water intended for irrigation of cultivated land or performing
drainages of certain channels or flooded areas, water supply to rural areas, farms or attached to
the agricultural machinery intended for applying different treatments agricultural crops in order to
combat pests.
The working process involves a constantly transport of the working fluid between the aspiration
and discharge area. [1], [2]
2. Constructive and functional principles for axial propeller pumps
These pump models are capable of circulating large fluid volumes but at low heights. They are
used mainly in applications requiring a continuous movement of the working fluid such as thermal
power plants, or applications in agriculture (irrigation, drainage).
An axial propeller pump consists of an assembly made of pump body and the propeller mounted
inside the body, being connected to an electric or thermal motor by means of a bearing drive. The
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propeller is positioned between the two main parts of the pump, aspiration area and the discharge
area. Usually aspiration area has a special design with a larger diameter to facilitate aspiration of
the working fluid. Also, the discharge can be made to circulate fluid at an angle of relative incline to
the horizontal direction, having values between 30 to 90 degrees.
The blades shape influences the operation and efficiency of these types of pumps. Special blades
construction can ensure the circulation of a significant fluid flow rate at a certain propeller rotation
velocity and by changing the blades position can be altered the momentarily flow rate value of the
working fluid entrained by the pump.
The circulation of the working fluid with different values of viscosity inside the pump body and the
moving masses leads to the development of axial forces that act directly on the propeller, efforts
that are taken by propeller shaft and transmitted to the driving motor bearing, element that must be
dimensioned accordingly to withstand these efforts.
To achieve optimal efficiency in operation, the propeller blades material should have a low surface
roughness so as to minimize the frictional forces between the propeller and the circulated fluid
inside the axial pump.
The working fluid enters inside the pump body in the axial direction, hence the name of axial
propeller pump. The active component of this pump is the propeller that is a rotor mounted in a
tubular enclosure, which is capable to achieve the rotation movement around its own axis with a
specific angular velocity. Due to the complex helical geometry of a propeller blade, at the time of
rotation, the working fluid is drained from the aspiration and transported to the discharge area
where it is entrained in a tank or taken from another duct.
At the axial pumps types the liquid circulation is achieved due to the hydrodynamic forces which
are occurring around the propeller blades due to rotation movement. The total amount of fluid
volume entrained by an axial pump in time is proportional to the pump overall dimensions
(aspiration and discharge diameter) and the propeller rotational velocity. Modern construction of
axial propeller pumps are able to adjust the value of working fluid flow rate entrained by changing
the value of the propeller blades inclination angle. [6],[7]

Fig. 1. Schematic representation for an axial pump propeller model

The relationships used to determine mass flow rate and volumetric flow rate is: [4]

Qm = ρQV
QV =

V
m
=
t
ρ t

(1)
(2)

The volumetric flow rate according to the fluid movement velocity and flow area is: [4]

QV = vA
v=

QV
A

For two distinct section area values can be considered the relationships: [4]
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v1 =

QV
QV
4QV
QV
QV
4QV
=
=
; v2 =
=
=
2
2
2
A1
A2
πR1
πD1
πR2
πD22

(5)

The axial impeller pumps are circulating fluid through ducts of various diameters and for a range of
duct diameter values the fluid flow velocity is calculated for a predetermined value of the fluid flow
rate at the duct inlet. The values considered are shown in Table 1 together with the graph of fluid
flow velocity variation depending on the duct diameter.
TABLE 1: Fluid velocity values and graphic representation according with duct diameter

0.08
0.1
0.125
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5

Surface
2
Area [m ]
0.005026
0.007854
0.012271
0.017671
0.031415
0.049086
0.070684
0.096208
0.12566
0.159038
0.196344

Fluid Velocity
[m/s]
25.86344
16.5526
10.59367
7.356712
4.138151
2.648416
1.839178
1.351233
1.034538
0.817412
0.662104

Fluid velocity function of duct diameter
0.6

Duct diameter [m]

Duct diameter [m]

0.5
0.4
0.3
0.2
0.1
0
0

5

10

15

20

25

30

Fluid velocity [m /s]

In figure 2 is presented a three-dimensional virtual model of a propeller with a helical geometry
intended for use within an axial pump.

Fig. 2. Propeller model for an axial pump

3. Numerical analysis for an axial propeller pump
A three-dimensional model of an axial propeller pump was developed and analyzed using ANSYS
CFX software simulating the operating conditions. The fluid used was water and for the initial
conditions was declared a mass flow rate at the inlet of 25 kg/s and for the propeller a rotation
velocity of 300 rev/min. The obtained results are presented in terms of velocity and pressure of the
working fluid in the fluid region, as shown in figure 3.

a) axial pump assembly model

b) mesh network
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c) streamlines for fluid velocity results

d) volume rendering on fluid velocity

e) volume rendering for static pressure

f) volume rendering for total pressure

Fig. 3. Results obtained for axial propeller pump CFD analysis

To achieve the maximum efficiency in operation for the axial pump model, the section area at the
inlet is larger in diameter than the outlet section area. For the analyzed model the section area at
the inlet is of 44.179 cm2, diameter of 7.5 cm, the outlet area of 28.27 cm2 and a diameter of 6 cm.
Table 2 shows the values obtained for the analyzed model and corresponding diagrams for the
variation of the fluid velocity and static and dynamic pressure within the fluid region.
TABLE 2: Values obtained for the analyzed model and diagrams for the fluid velocity and pressure variation
Static
pressure
[bar]
-0.57
-0.06
0.11
0.23
0.31
0.37
0.45
0.96

Total
pressure
[bar]
0.43
0.48
0.54
0.72
0.75
0.98
1.01
1.08

Fluid velocity values [m/s]
Duct diameter [cm]

Fluid
velocity
[m/s]
20.51
15.38
10.25
7.69
5.126
3.84
2.56
1.28

7.7
7.5
7.3
7.1
6.9
6.7
6.5
6.3
6.1
5.9
5.7
1

6

11
Fluid velocity [m/s]
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Total pressure values [bar]

Duct diameter values
[cm]

Static pressure [bar]

Static pressure values

0.83
0.33
-0.17 5.7

5.9

6.1

6.3

6.5

6.7

6.9

7.1

7.3

7.5

8
7.5
7
6.5
6
5.5
0

-0.67

0.5

1

1.5

Total pressure values [bar]

Duct diameter [cm]

From the obtained results can be observed that due to the pump body geometry there is an
increase in fluid pressure on the inlet region while near the outlet region the pressure values to be
low, but the working fluid velocity is recording higher values which means that the fluid flow is
facilitated through this region.
4. Conclusions
The axial propeller pumps represent a significant solution for circulating fluid flow rates of at low
installation heights. These types of pumps are part of hydrodynamic units for driving fluids.
These hydraulic units are specially built for a wide range of applications such as:
 flooding or storm water controlling;
 irrigation and drainage on agricultural lands;
 circulation of large quantities of water, (thermal plants, water parks, cooling circuits for
power stations);
 ensuring filling/emptying operations for dry docks, harbour installations, reservoirs.
On the analyzed model of axial propeller pump the results were achieved for the fluid velocity,
static and dynamic pressure within the fluid region. It may be noted that due to the variable
geometry of the pump body, the pressure values are higher in the aspiration region and lower in
the discharge region, while fluid flow velocity is higher on the discharge region ensuring an optimal
circulation of the working fluid.
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Abstract: Nowadays, there are many control methods which are used to control the desired output
of the any linear or nonlinear system. Some of them control the system exactly as expected, while
others control the system by trial and error method. In this paper, the temperature of the electrically
heated oven production system is controlled. The mathematical model of electrically heated oven
is used to simulate the system. Ziegler-Nichols method which is most known control method in the
literature is used in order to tune the PID controller coefficients. The Matlab/Simulink environment
is used in order to simulate, a temperature control system. The results show that Ziegler-Nichols
method gives good performance to control system.
Keywords: Temperature control, oven, Ziegler-Nichols method
1. Introduction
In many studies and industrial applications, Proportional-Integral-Derivative (PID) controller is
used in order to control system for their simplicity. It is seen that PID controllers gives better
performance when compared to P and PI controllers[1]. PID controllers are fast, practical and
reliable [2]. Also PID controllers are the most used controller type in the literature because of their
stability on controlling the system.
There are a lot of control methods. Some of them are Ziegler-Nichols, Cohen-coon, Takahashi,
Genetic Algorithm method, Particle Swarm Optimization and Fuzzy Logic control methods[3,4].
There are many studies in literature about implementing one or more of these methods on a
system. Due to the changeable performance characteristics of these algorithms according to the
implemented system, it is not able to say that one of them is the best control method. Each one
can be more successful from one system to another. Therefore, the studies on control methods
keep going on.
Electrically heated oven production system is used for many purposes. It is defined as thermally
insulated chambers used for the heating, baking, cooking[5,6]. There are many studies in the
literature regarding with this system. The heater material of the oven is generally made from nickel
or nickel chromium alloys. It is essential in electrically heated oven, but sometimes can be unsafe if
its temperature isn’t properly controlled. Because, an electrically heated oven runs at different
temperatures[7].Because of the risk factor of heater material, the oven temperature need to be
controlled correctly. The oven must turn off the power when pre-set temperature is reached,
otherwise must turn on. Hence there is necessity to control the heating material power and oven
temperature with control techniques.
In this paper, the mathematical model of electrically heated oven production system is investigated,
block diagram is created and simulation realized in Matlab/Simulink environment according to this
mathematical model. The parameters of the system are specifically determined to this study.
Ziegler-Nichols control method is implemented in order to control temperature of electrically heated
oven. The simulation results show that Ziegler-Nichols method gives good performance.
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2. Mathematical Model of Electrically Heated Oven Production System
The mathematical model is derivated from the scheme of an electrically heated oven production
system, as seen in Figure 1.

Fig. 1. Electrically heated oven production system[8]

𝑇𝑠 ,𝑇𝑔 ,𝑇𝑟 ,𝑇𝑎 represent air temperature in the oven, product temperature, insulation material
temperature and ambient temperature respectively. The heating power is called 𝑞, and the power
into product and insulation are 𝑞𝑔 ,𝑞𝑟 .
The expressions of mathematical model of electrically heated oven system are shown below[8].
𝑞 = 𝑘𝑢
(1)

𝑞𝑔 = 𝑘𝑔 𝑇𝑠 − 𝑇𝑔

(2)

𝑞𝑟 = 𝑘𝑟 𝑇𝑠 − 𝑇𝑟

(3)

𝑞𝑎 = 𝑘𝑎 𝑇𝑟 − 𝑇𝑎

(4)

𝐶𝑠 ,𝐶𝑔 ,𝐶𝑟 represent the the heat capacity of oven, product and insulation respectively.

𝐶𝑠
𝐶𝑔
𝐶𝑟

𝑑𝑇𝑠
𝑑𝑡
𝑑𝑇𝑔
𝑑𝑡
𝑑𝑇𝑟
𝑑𝑡

= 𝑞 − 𝑞𝑔 − 𝑞𝑟

(5)

= 𝑞𝑔

(6)

= 𝑞𝑟 − 𝑞𝑎

(7)

The Matlab/Simulink block diagram as shown in Figure 2 is created by using above equations.
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Fig. 2. Electrically heated oven production system

3. Ziegler-Nichols Method Implementation to the Oven Production System
The steps of the Ziegler-Nichols method are shown below.
1. The derivative and integrative gain are reduced to zero.
2. The proportional gain of the controller (𝐾𝑝 ) is increased from 0 to critical value (𝐾𝑐𝑟 ). At this
point the system reaches to the oscillation. Period of sustained oscillations (𝑇𝑜𝑠𝑐 ) is
measured and (𝐾𝑐𝑟 ) is noted.
3. The controller gains is calculated by using expressions as shown in Table 1.
TABLE 1: Ziegler-Nichols PID parameter calculation
Controller Type

𝑲𝒑

𝑲𝒊

𝑲𝒅

P Controller

0.5 ∗ 𝐾𝑐𝑟

∞

0

PI Controller

0.45 ∗ 𝐾𝑐𝑟

𝑇𝑜𝑠𝑐 /1.2

0

PID Controller

0.6 ∗ 𝐾𝑐𝑟

𝑇𝑜𝑠𝑐 /2

𝑇𝑜𝑠𝑐 /8

In this study, the temperature of the product is observed while 𝐾𝑝 is increasing. When 𝐾𝑝 value
reached to the 43000 value, temperature of the product oscillates, as seen in Figure 3. The
oscillations are regularly sustained and the amplitudes of them aren’t changing with increasing
time. At this point 𝐾𝑐𝑟 is equal to 43000 and 𝑇𝑜𝑠𝑐 is equal to 1.25. So, it is time to find the other
parameters of controller by using expressions in Table 1.

𝐾𝑝 = 0.6 ∗ 𝐾𝑐𝑟 = 0.6 ∗ 43000 = 25800
𝐾𝑖 =
𝐾𝑑 =

𝑇𝑜𝑠𝑐
2

𝑇𝑜𝑠𝑐
8

=
=

1.25
2
1.25
8

= 0.625
= 0.15625
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Fig. 3. Oscillation of the Product Temperature

Fig. 4. Controlled Temperature of Product

Figure 4 represents the temperature of the product which in the electrically heated oven production
system. In this study the temperature is tried to be controlled at 180°C. With the Ziegler-Nichols
method, the overall time to convergence is about 4sn.
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4. Conclusions
In this study, the Ziegler-Nichols control method is implemented to the model of electrically heated
oven production system in Matlab/Simulink software successfully.PID controllers provides the
controllability and simplicity. Result of the controlled product temperature in this application
indicates that, Ziegler-Nichols method is good in stability. System response to the control method
is seen very quickly and the settling time of the system is only a few seconds. It can be said
according to this study that, although there are many control methods developed after from ZieglerNichols control method, the Ziegler-Nichols method has quite good characteristics with regard to its
performance.
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Abstract: This paper refers to the concerns of our institute related to the hydraulics of systems
which dose fertilizers in irrigation systems. The paper describes the problems encountered in
developing a fertigation dosing device and solutions to solve them, materialized in a patent
application, namely “Hydraulic cylinder with embedded distribution”. It is characterized by the fact
that it has a single inlet port and a discharge port through which the working fluid is circulated in
one direction. Through a system of valves, there is allowed the access of the working fluid on the
two surfaces of the piston, causing rod movement in one direction or another. This type of linear
hydraulic motor can actuate a pump which injects fertilizers into the irrigation water, but it has also
multiple other uses in the economy.
Keywords: Fertigation, hydraulic cylinder, injector, dosing device
1. Introduction
Introducing of fertilizers into the irrigation water concerns the researchers worldwide.
The current technical level is in accordance with the products sold by famous companies, such as
DOSATRON INTERNATIONAL-France, NETAFIM, AMIAD, PLASTRO GVAT, NAANDAN,
DOROT, TAVLI-Israel, TMB-USA, that produce a wide range of devices and equipment for
administration of liquid chemical fertilizers.
An example of a dosing device is shown in the images below, where one can see the drive
mechanism of the dosing device, manufactured under the name of DOZATRON.

Fig. 1. Engine of the dosing device where one can see the two positions of the distribution mechanism
maintained in tilting motion positions by the coil traction spring
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2. Methodology
It can be noted that the dosing device consists of a linear drive motor and fertilizer pump. The
Dozatron is connected to the irrigation water by connection on the left side of the housing (see
picture); it has a drive mechanism under the action of water, a fertilizer pump in the bottom side
and an outlet port for the fertilizer mixed with water, right side of picture.
The drive mechanism is in fact a linear hydraulic motor with embedded distribution.
It consists of a piston provided with ports that can clog or open under the influence of some drive
elements. Depending on the surface of the piston which water pressure is applied on the piston
moves up or down, actuating the fertilizer pump. To do this the valves are mounted in a
mechanism that can be switched by a control rod when they reach the end positions of the stroke.
The mechanism is maintained by a spring that can be tilted on two positions corresponding to the
two directions of movement.
The problems that arise are related to the compatibility between the material the spring is made of
and the working environment, which is water with fertilizer. Our institute has interests in this field
through several research projects in progress and it has submitted a patent application for such an
engine in which the tension spring is replaced with an elastic diaphragm which can be made of
materials resistant to water and corrosive substances in the fertilizers. The invention relates to a
hydraulic cylinder with embedded distribution that, by operating some valves embedded in the
piston, performs distribution of the working fluid enabling alternative linear movement between two
adjustable limiters.
Figures 2 and 3 show schematically the drive mode of a cylinder the invention is applied to. Figure
4 shows a version of the annular spring <3>. The cylinder consists of housing <1>, fitted with
limiters <u1> and <u2> coming into contact with the piece <5> at the stroke ends. The piece <2> is
a part of the piston and it can occupy two positions depending on the forces acting on it. In the two
positions the ports <a> or <b> are closed or opened, allowing penetration of working agent, on the
active sides of the piston, which leads to movement of rod <6> in one direction or another. The rod
<6> is moving in the piston guide <9> provided with the sealing system <10>. The disc spring <3>,
see Figure 4, can take two mounting positions depending on how stressed the blades on the inner
circle are. In one of the positions the piece <2> is kept pressed against the rod body <6> by the
disc spring <3>, closing the port <a> and opening the port <b>, in the other position of the spring
the port <a> opens and the port < b> closes. The piece <5> is made up of rods that are attached to
an annular disc. The annular disc makes contact with the limiters <u2> at the end of stroke, and
the rods are supported at the other end of the stroke by the housing <1> that is the limiter <u1>.
The rods are guided and sealed with the O rings <4> at crossing through the rod body <6>. The
rods have a notch which they enter and can drive the annular spring <3>.
In the phase shown in Figure 2 (top of the diagram) the driving agent penetrating through the
<supply> port and finding the port <a> closed pushes the assembly rod-piston to the left, the
working agent in front of the piston is expelled through the port <b> and then through <discharge
>, until the rod in the assembly <5> makes contact with the limiter <u1>, moment at which due to
pressure further acting on the surface it pushes the assembly <6.2> a few millimeters until the
annular spring <3> is tilted and the sealing piece <2> flips in the second position, see bottom side
of Figure 2, where the valve <a> opens and the valve <b> closes. In this position the working agent
freely penetrates through the valve <a> and acting due to pressure difference on the section
formed by the cylindrical surface <d> moves the piston to the right until the piece <5> gets in
contact with the limiter <u2>, see Figure 3, the bottom side. In this position due to the pressure of
the working agent, the assembly <2.6> moves forward until the annular spring <3> that supports
on <5> flips, opens the valve <b> and closes the valve <a>. The direction of the rod movement
changes and the cycle repeats.
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Fig. 2. Left position of the piston before and after switching

Fig. 3. Right position of the piston where, under the action of the adjustable limiter <u2>, there is ordered
closing of port <b> and cycle repetition

Figure 4 shows the annular spring <3>, where due to pressure exerted by the mounting
dimensions it is forced to occupy two positions of tilting motion. Tilting motion occurs suddenly
when there is forced the crossing over the unstable middle position.

48

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

Fig. 4. Lamellar spring made of corrosion resistant materials

3. Conclusions
By developing the hereinbefore mentioned invention we are trying to solve some technical
problems occurring when using fertigation pumps. At the same time we intend to establish
collaboration between the Hydraulics and Pneumatics Institute and researchers in agriculture
sector by developing models of devices whose performances can be proven in operation. In this
case we propose a model of linear hydraulic motor that can be applied to various devices,
including fertilizer dosing devices.
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Abstract: General trends for reducing the energy consumption have led through innovation, in the
case of hydraulics as well, to new solutions for equipment which could meet this challenge. Since
the 1990s the concerns in implementation of the existing theories on digital hydraulics have
increased.
Conversion of hydraulic energy into mechanical work is done by using rotary or linear hydraulic
motors. Digital hydraulics solutions for rotary hydraulic motors consist of pressure and flow control
directly in pressure chambers of the rotary hydraulic motor. For linear hydraulic motors the solution
investigated is based on constructive solutions, either direct or intermediate, for variation of the
linear motor piston surface.
Keywords: digital hydraulics, hydraulic motor, actuator
1. Introduction
As it is known, in hydraulic systems conversion of electrical or thermal energy into hydraulic energy
(pressure, flow), and further into mechanical work is done with quite significant energy loss
consisting in pressure loss (Δp) through heat. For instance in the servomechanisms the pressure
drop required to be projected when sizing hydraulic installations is of 70 bar, and total energy loss
could reach even 65% of energy required for a proper functioning. Nevertheless, hydraulic
installations have no alternative; they benefit from great power and torque potential, with low power
density/kg (it is about three times lower than in electric motors).
Linear hydraulic motors (also called actuators or hydraulic cylinders) can be found on the market in
several constructive types depending on operating and use conditions within hydraulic systems.
Thus, there are soft series actuators -for maximum 160 bar, medium series actuators -for
maximum 250 bar, heavy series actuators -for maximum 315 bar, or special actuators for more
than 315 bar or with speeds higher than 0.5 m/sec.
Depending on the constructive series of linear actuators, inner seals and rod and piston guides
introduce resistance forces during the relative motion, materialized in tightening and friction, which
can reach values equivalent to a pressure of 5-15 bar. The starting pressure is defined as the
pressure at which the actuator rod starts moving, while minimum steady operating pressure is
defined as the lowest pressure at which rod moves with constant speed all along the stroke.
An example of mounting diagram for testing the parameters above is the following one:
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It takes innovation in hydraulic systems to meet the new requirements for energy efficiency and
decrease in CO2 emissions in the chain of production and in use on fixed or mobile equipment.
Areas in which digital hydraulics interferes are: digital control of hydraulic motors, with parallel or
switching distribution, efficient energy management and reduction of energy losses [1].
In a classic hydraulic system with linear actuator in the case of a variable load the chosen solution
will be the classic one, with fixed active surface of the actuator and variation of working pressure.
Theoretically it has been found that efficiency of a hydraulic system is better when area of the
actuator varies, compared to the case when working pressure varies, precisely because of Δp and
because of power oversize for peak load in the case of variable loads [2].
The solution to vary the area of the actuator results in reduced overall sizes, reduced weight and
energy consumption. Along with reduction of Δp and residual heat energy savings also intervene;
this energy would have been used to cool oil in hydraulic installations for optimal functioning.
Applying digital hydraulic drives, which have smaller overall sizes and weight, on mobile machinery
contributes to fuel savings estimated to be 5-10 % [3].
Another advantage of digital hydraulics is digital control location very close to controlled element,
thus obtaining shorter response time and better system dynamics without price increases and with
enhanced effectiveness.
Components of digital equipment are fewer and less complicated from the technological point of
view compared to the equivalent conventional equipment; they have simple design and can have
modular construction [4].
2. Simplified diagrams of digital hydraulic motors
The hydraulic motors can be controlled digitally by independently controlling pistons in their
structure or through mounting diagrams with switching directional valve or parallel mounting.
a)

Simplified diagrams of digital rotary hydraulic motors

Fig 1. Digital Pump/Motor (DDPM) [5]

Fig. 2. Full digital hydraulic transmission [5]

One way to implement the digital pump or motor is to control each piston of them by using digital
on/off directional valves. An example of diagram is shown in Figure 3, where each piston can work
in pump or motor mode depending on the position commanded in the digital directional valve.
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Fig. 3. Piston type digital pump (a) and pump-motor (b) [6]

Fig. 4. Switching motor (a) and parallel connected motors (b) [6]

b) Simplified diagrams of digital linear hydraulic motors
Consider the multi-chamber cylinder of Fig 5. If the control valves are large on/off valves -as in the
figure- the system can generate 16 different forces. Sufficient inertia is needed for proper
controllability and the system can be seen as secondary controlled cylinder without any losses. In
practice, small compressibility and flow losses occur, but according to the authors’ knowledge, this
approach is the most energy efficient way to control hydraulic cylinder from the constant pressure
lines. The weak point is that continuous switching between control modes is required in order to
obtain quasi-steady velocity. The situation is not so demanding as in the switching systems
because there are much more force values available.
If the on/off valves are replaced by directional valves, such as two-way proportional valves or
DFCUs, the result is the extended version of the normal cylinder plus distributed valve system with
pressurized tank. Losses are much smaller than in traditional systems because the pressure
losses can be optimized by selecting the correct control mode on the fly. This approach combines
good performance of the valve control and small losses, but the control code -especially the mode
switching logic- becomes very complicated [6].
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Fig. 5. Different implementations of multi-chamber cylinders [6]
LP= low pressure line, HP= high pressure line.

In 1998, Elton Bishop raised the issue of efficient energy hydraulic systems comparable to the
human body muscles, where each one can respond to certain effort but all together they can
handle a much greater effort, or even more effective when for a certain task there are used the
muscles that have to be used, for as long as they have to, and when they have to. In digital
hydraulic muscles are assimilated to active pressure chambers of rotary hydraulic motors or to
divided active piston surface of the linear actuator. The primary objective of the new solutions for
digital hydraulic equipment is to reduce the energy loss, mainly by varying flow and pressure
directly on the hydraulic motors by using new performances of modern hydraulic equipment,
especially parallel distribution and digital control switching frequency in distribution equipment.
In the case of linear actuators varying of their surface may be made by dividing the active area of
the piston into several concentric annular surfaces, with binary weighted areas (figure 6) which are
fed separately, but also cumulatively, following some rules, in order to get to combinations of fed
areas by which one gets linear movement with variable speed or load (figure 7), thus meeting the
requirements of hydraulic system.

Fig. 6. Concentric arrangement of binary weighted annular areas [6]

Fig. 7. Range of cumulative output force
White =Low Pressure; Black= High Pressure [6]

Other simplified solutions for mounting of actuators in line or in parallel are shown in figures 8 (a)
and (b), while figures 8 (c) and (d) show constructive solutions for dividing the active area of a
linear actuator into several concentric annular surfaces, with binary weighted areas.
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Fig. 8. Possible bit arrangements of VDLA [6]

3. Solutions
There are intense concerns to introduce the concept of digital hydraulics and intensify research on
this topic. The team of specialists within INOE 2000 - IHP in Bucharest has submitted a patent
application [7] for a solution of hydraulic actuator with multiple areas which meet the demands of a
digital linear motor.
The digital hydraulic actuator, see fig. 9, with divided, multiple active areas, compact design, has
the piston active surface made up of three concentric areas, with binary weighted areas, which can
be fed separately, but also cumulatively, following some rules, in order to get to combinations of
fed areas by which one can get fairly linear movement with variable speed or load, thus meeting
the power and speed requirements of a hydraulic system.
The hydraulic actuator with multiple areas consists of a piston with four concentric diameters, a
cylinder liner with three concentric diameters, a centering and supply cap, a guidance cap and
guidance and sealing systems. The small number of parts and their simplicity make the patent
application be a feasible solution from a technical and technological point of view.
The piston has three concentric areas, binary weighted. Thus, A2=2A1 and A3=2A2. This solution
enables, by selecting combinations of fed areas, to obtain a fairly linear adjustable speed or force.
Control of supply to the 4 ports, i1, i2, i3, i4, by using digital directional valves, makes the multiple
areas actuator be a linear hydraulic motor, digital, feasible, which may be the subject of study for
the implementation of digital hydraulics.

Fig. 9. Novel solution for a digital linear hydraulic motor
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4 Conclusions
In the next period, reducing costs and increasing energy efficiency will be prevailing as success
factors for any industry. Currently, the hydraulics industry is not fit to meet these requirements:
conventional hydraulic systems and components are pretty expensive and have low energy
efficiency.
Technological development of digital hydraulic motors could revolutionize the industries that use
hydraulic systems and it could transform them into the fastest and most efficient form of power
transmission. Energy savings resulting from implementation of digital hydraulic motors can improve
technical and economic performance of technological lines which they are used in, this being
ultimately shown in the execution price of the products on the market. At the same time, through
energy savings and efficient use of resources, it contributes to laying the foundations of
sustainable development.
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Abstract: This paper presents a control of fluid water tank system, which is widely used in
industrial processes. This nonlinear system can be linearized around the equilibrium points. Thus,
the linearized model is used for the control system. The control design proposed for the system is
robust output feedback control. The control design provides to attenuate the disturbances. This
case provides advantages for the system. The simulation results are presented for the control
system performance.
Keywords: Water tank, control design, fluid system.
1. Introduction
The Water Tank System is widely used in industrial applications especially for the chemical
process systems. The control of water level in tanks and flow between tanks is a problem in the
process technologies. Since last two decades, the coupled tank liquid level control system has
attracted attention of many researchers in the literature. It is also one of the most important
benchmark control problem because of its characteristics. The control aim in a coupled tank
system is that a desired level of the liquids in tanks where there is the inflow to tanks and outflow of
water to the tanks, respectively. 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. The process
industry needs liquids to be pumped, stored in tanks, and then pumped to another tank
systematically. In crucial industries such as petro-chemical industries, paper industries, water
treatment industries, the tanks have affected each other where the processes of chemical or
mixing movement takes important place in the process tanks. Thus, the liquid level control system
has attracted attention in the literature. In [1], 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. In [2], sliding mode control is applied to coupled-tank system. In [3], a
fractional order sliding mode control will be proposed for a level control of a nonlinear coupled tank.
In [4], Fractional order proportional integral controller (PI) control is applied to a coupled two tank
system where the level of first one is kept at a constant level while the level of the second one is
required to track a time-varying desired signal. In [5], fuzzy logic control is adopted to liquid tank
system. In [6], a two-input two-output coupled-tank process is implemented by using a
decentralized fuzzy logic controller based on LabVIEW simulation program. In [7], a fractional order
PI control is designed for a liquid level in a spherical tank. In [8], when there is a measurable
disturbance, a feedforward compensation based on steady-state decoupling method is suggested
for a three-tank liquid level system. In [9], an interval type-II fuzzy logic and a linear quadratic
regulator are applied for the level control of three-tank hybrid system. In [10], the main aim is to
design an model reference adaptive control for a nonlinear hybrid tank process.
In this paper, dynamic output feedback h-infinity control based on robust control method is
designed for the water tank process system. In the control, the internal disturbances are
considered during design. Hence, the controller is designed for the water tank process system
which includes the disturbances terms.
2. Water Tank Process System Model
The water tank process plant [11] is as in Figure 1. Two tanks expressed Tank 1 and Tank 2 are
coupled as shown. Warm and cold water via two control input signals U1 and U2 driving control
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valves can be pumped into the left tank. The temperatures and the flows capacity are Tw, Tc, Qw
and Qc, respectively. The water levels in the Tank 1 and Tank 2 are H1 and H2, respectively, and
also the tanks have the same cross sectional area A. The flow between the tanks is Qr and the flow
out of the outlet valve of tank 2 is Qb. This latter valve has the variable opening area Av. The water
is blended swiftly in both tanks, and so the temperature is assumed to be constant overall the
whole volume of each of the tanks. Namely, 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
y2  ktT2

(1)

The nonlinear differential equations are as in (2). They can be obtained in the linear equations and
so, it is linearized nearby a localized operating point via classical linearization method in [11]. So, if
the left sides of the expressions in (2) are equal to zero, the linear equations are obtained at the
stationary operating point. Hence, the linearized state space model of the system is as in (3) where
∆x (∆x1, ∆x2, ∆x3, ∆x4) denotes ∆H1, ∆H2, ∆T1, ∆T2, ∆u denotes ∆u1, ∆u2, and ∆v (∆v1, ∆v2, ∆v3)
denotes ∆Av, ∆Tw, ∆Tc. The state space matrices are as in (5) and (6). Also, ∆ denotes the
deviations from the stationary values. Accordingly, the states are computed such as in (4) by
adding the deviations from the stationary values to the operating points of the states. In the
parameters of the linearized system; ka is the flow coefficient,  is mass density, c is heat
capacity of water, Dv  Cd 2g , Ao is the area of orifice, Cd is a constant loss coefficient and g is
gravitational acceleration. Also it is assumed that H1  H 2 .
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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  kau2 
dx Ax1 

(2)

dx4
1

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

0

0 kt 
0

The additional subscript-zero denotes the stationary operating points.

x  t   Ax  t   B1w  t   B2 u  t 

(3)

y  t   C x  t 

H1  H10  H1 t 


 2A


 2A
A







C0
x10  x20

0


  Dv x20

A
B1  

0


0


C0
2 A x10  x20
C0

C0
x10  x20

2 A x10  x20



(4)

0

Dv v10

0

2 A x20

0

0

k u  u 
 a 20 10
Ax10

0

0

C0 x10  x20
Ax20

0
0
ka u10
Ax10
0

0 
ka



A

0 
0

,
B

 2 k v x
ka u20 
 a  20 30 
Ax10

Ax10 


0
0 






0




0


x10  x20 

Ax20

0



C0





0 kh
,C  

ka  v30  x30 
0 0

Ax10


0

ka
A
0

0
0 kt 

0

(5)

(6)

3. The Controller Design for Tank System
The controller design is based on linear matrix inequality (LMI) as in [12]. The controller is dynamic
output feedback. So the used LMI is as in Theorem 1.
Theorem 1 [13]: Consider the plant of the form (7). There exists the output-feedback controller of
the form (8) which guarantees internal stability and the closed loop system has L2 gain whenever
there exist a symmetric positive definite matrices X and Y defined and a state space data
( Aˆ , Bˆ , Cˆ , Dˆ ) defined by (9) such that LMI in (10) holds.
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In such a case, the controller (8) is obtained as in (11) under definitions (9).

x  t   Ax  t   B1  t   B2u  t 
z  t   C1 x  t   D11  t   D12u  t 

(7)

y  t   C2 x  t   D21  t   D22u  t 
xc  Ac xc  Bc y

(8)

u  Cc xc  Dc y
1 ˆ
Y  Z  X , D  Dc
Cˆ  Dc C2Y  Cc Z , Bˆ  X  Bc  B2 Dc 

(9)

Aˆ  X  A  Bc C2  Y  X  Ac  B2Cc  Z  XX 1
ˆ
XB1  BD
Aˆ  AT  C2T Dˆ T B2T
21
T
ˆ
AY  B2 Cˆ    Y B1  B2 DD21

ˆ  T  X
 AT X  BC
2


*

*


*


 I
*

*
*

T

C1T  C2T Dˆ T D21

YC1T  Cˆ T D12T 
0
T ˆT
D11T  D21
D D12T 

 I


(10)

ˆ 1  D C YZ 1
Dc  Dˆ , Cc  CZ
c 2
1 ˆ
B  X BB D
c

2

(11)

c

Ac   X 1 Aˆ Z 1   A  BcC2  YZ 1  B2Cc  X 1 XX 1Z 1
4. Simulation Studies
The all overall computations via LMI are conducted by Yalmip [14] parser and Sedumi solver [15]
for the simulation. The parameters of the used system parameters are as in Table 1 for the control
simulation.
TABLE 1: The values of parameters for the tank system
Parameters
A
Dv

Value
0.785 m

2

The stationary points in the linearization
x10

1/2

2.66 m /sec
5/2

Value

x20

2.03m
1.519m
o

C0

0.056 m /sec

x30=x40

45 C

ka

0.004 m /volt.sec;

3

u10=u20

5volt

kh

2 volt/m;

Av0

0.0122m

kt

0.1 volt/ C

Tw0

60 C

Tc0

30 C

o

2

o
o

The simulation block diagram is as in Figure 2. Accordingly, the system output simulation results
are as in Figure 3 and 4 for the references ∆H2=0, ∆T2= 2oC. The reference which is the variation of
the level of second tank ∆H2=0 in order to hold the existing level. According to this, it is desired that
the variation of the temperature of second tank is 2oC. Figure 3 shows the output ∆H2 while Figure
4 shows the output ∆T2. According to results, the performance of the is good in spite of the internal
disturbances in system model where values are 0.01, 0.02 and 0.1. The desired outputs
performances are obtained in the simulations because the first output is desired to be not changed
and the second output is desired 2oC.
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Fig. 2. Simulation block diagram

Fig. 3. The output 1 for the system

Fig. 4. The output 2 for the system
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5. Conclusions
This paper shows that the dynamic feedback control of coupled water tank system is conducted.
The controller is designed via linear matrix method by using robust control method. The designed
controller provides a good performance in spite of the internal disturbances. In contrast to PI
controllers, the designed controller takes account of the disturbances. The simulation results
demonstrate that the controller performance is very good in spite of the disturbances. In the
results, there is no overshoot and good settling-time for the coupled water tank system.
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Abstract: This article analyses the behaviour of energy efficient pumps equipped with the most
common types of regulators: pressure, flow and power.
Keywords: Energetic efficiency, hydraulic system, adjustable pumps, flow, pressure and power
regulators.
1. Introduction
Hydraulic open centre systems using pumps with constant capacity (constant flow) are inefficient in
terms of energy because the flow surplus, namely the difference between the flow discharged by
the pump and flow necessary to consumer, is sent back to the basin at the maximum pressure at
which system safety valve is adjusted. Unconsumed power is lost, turning into heat that is
transmitted to the working fluid.
Hydraulic systems using pumps with variable capacity (variable flow) can provide precisely the
necessary flow at the pressure required by the load, which leads to a high energy efficiency by
reducing losses that generate heating of the working fluid. [1]
2. Fixed capacity pump
In an "open centre" hydraulic system, the fixed capacity pump delivers a fixed flow of oil. The
pressure at the pump discharge depends on the resistors along the hydraulic drive circuit.
Maximum pressure in the system is limited to the value adjusted by the safety valve.

Fig. 1. Fixed displacement pump in "open centre" hydraulic system
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Nu – useful power;
Npr – lost power in 2-way flow regulator;
Nps – lost power in safety valve;
Qmax – the maximum flow rate of pump;
Qc – consumer flow;
Qs – flow through the safety valve; Qs = Qmax – Qc;
pmax – pressure of the safety valve;
pc –pressure at the consumer;
Δpr –pressure drop through the control throttle; Δpr = pmax - pc;
Nu ~ pc · Qc; Npr ~ Δpr · Qc; Nps ~ pmax · Qs.

Excess flow is discharged through the safety valve at maximum pressure. Power losses through
the control throttle and safety valve are converted into heat, which is transmitted to the working
fluid. [2]
3. The pump with variable flow and pressure regulator
A pump equipped with pressure regulator provides maximum flow as long as the pressure at the
discharge port is smaller than the adjusted pressure. When it reaches the adjusted pressure, pump
flow (capacity) begins to decline and reaches zero if the pressure increases further. Hydraulic
diagram and p-Q diagram of pump with adjustable flow rate and power regulator is shown in Fig. 2
[3].
ΔQ is the internal loss of flow due to pressure. It is highlighted on the drainage in pumps with
external drainage.
Δp corresponds to piston spring feature that maintains the pump at Vg = max.

Fig. 2. Pump with pressure regulator

Typical application for the pump equipped with pressure regulator is a hydraulic press, see Fig. 3.
Maximum flow is for the entire pressing stroke. When the pressure has reached the adjusted value
the flow begins to decrease to zero and the pump delivers at maximum pressure a very low flow
rate. [4]
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Fig. 3. Application of a pump with pressure regulator

4. Flow control of pumps equipped with pressure regulator
Flow control of a pump equipped with pressure regulator when the pressure at consumer is lower
than that of the pressure regulator is done using a 2-way flow regulator, as shown in Fig. 4.

Fig. 4. Flow control in pumps equipped with pressure regulator
Nu – output power;
Np - lost power;
Qc - flow to the consumer;
pc – pressure to the consumer;
Qmax - maximum pump flow;
pr - pressure of the regulator.
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The output power has the expression: Nu~ pc · Qr
Lost power has the expression: Np~ (pr-pc) · Qr
Power loss can be reduced if we adjust regulator pr pressure to a value as close as possible to the
maximum pressure of the pc consumer, so that ∆p = pr - pC to be minimal.
5. Pump with pressure and flow regulator (Load Sensing)
Pump equipped with flow and pressure regulator has the advantage that it provides the required
flow to the pressure that the consumer demands for, pressure which is lower than the pressure of
the pressure regulator. [5]
"Load Sensing" is a hydraulic system that detects and delivers only the pressure and flow required
by the consumer.

Fig. 5. Pump equipped with flow and pressure regulator
Nu – output power;
Np - lost power;
Qc - flow to the consumer;
pc – pressure to the consumer;
Qmax - maximum pump flow;
pr – pressure of the pressure regulator;
Δp - pressure drop through the measurement aperture.

The output power has the expression: Nu~ pc · Qc
Lost power has the expression: Nu~ Δp · Qc
The advantages of the pump with Load Sensing are:
- The flow is constant, unaffected by pressure variations at the consumer;
- Energy losses are minimized.
The only power loss, very small, occurs because of pressure drop Δp = 14 ... 20 bar through the
measurement aperture.
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6. Pump with pressure, flow and power regulator
Power regulator does not influence the energy balance of the pump; it only serves to limit the
hydraulic power to a maximum adjusted value. Flow and pressure can be adjusted only within the
range of maximum adjusted power. [6]

Fig. 6. Pump with pressure, flow and power regulator

7. Variable pumps with direct flow control
Hydraulic system with the best energy efficiency is that in which the pump flow is adjusted directly
in line with consumer speed demand. Pump flow can be adjusted with hydraulic, pneumatic,
electric devices, remote controlled, stepwise or continuously. [7, 8]
Nu – output power;
Np - lost power;
Qc - flow to the consumer;
pc – pressure to the consumer;
Qmax - maximum pump flow;
pr – pressure of the pressure regulator;
Δp - pressure drop through the measurement aperture.

The power output has the expression: Nu ~ pc · Qc
Lost power has the expression: Nu ~ Δp · Qc
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Fig. 7. Direct control of pumps with variable flow

8. Conclusion
Variable flow pumps equipped with various regulators have high energy efficiency because flow
and pressure automatically adapt to customer needs.
Reducing energy losses which cause overheating of hydraulic oil leads to simplification of hydraulic
system by:
● Possibility to mount a smaller capacity tank;
● Possibility to remove the oil cooler;
● Possibility to remove the pressure reduction valve or electrical decoupling valves.
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Abstract: This paper presents a smart position and speed transducer which includes a Linear
Variable Differential Transformer (LVDT) sensor and a measuring amplifier with a microcontroller
based on an original hardware structure and measurement method. The measuring amplifier has
been tested through its implementation in stands and hydraulic actuators, part of the research work
carried out by the institute; experimental results have confirmed the viability of the measuring
amplifier for monitoring the position and speed in electrohydraulic steering loops as well as in fast
process automation.
Keywords: LVDT, RVDT, sensor, smart, microcontroller
1. Introduction
The linear variable differential transformer is one of the most widely used transducers for
measuring linear displacement. It offers many advantages over potentio-metric linear transducers
such as frictionless measurement, infinite mechanical life, excellent resolution and good
repeatability. Its main disadvantages are its dynamic response and the effects of the exciting
frequency. The LVDT is also used as a secondary transducer in various measurement systems. A
primary transducer is used to convert the measured quantity into a displacement.
There is a developed concept of the smart position and speed transducer that consist of a classic
LVDT sensor and a measuring amplifier with a microcontroller, which is based on a hardware
structure and an original measurement method developed by the authors. The measuring amplifier
solution for a smart position and speed transducer was tested on a test bench for hydraulic
dampers for rail wagons, test stand for the properties of the wood pellets; this industrial
applications tested the capability of the amplifier to be included in a closed loop for the automated
position and speed adjustment of a hydraulic cylinder operating in an industrial environment.
The LVDT sensor has been designed based on the classical structure of the inductive half bridge,
a three-wire connection respectively. The measuring amplifier will power the LVDT sensor with two
opposite-phase rectangular signals applied to the extremities of the bridge; the useful signal,
proportional with the position of the magnetic core, is taken from the middle of the bridge, the
common connection of the two coils. The useful signal will be processed using the synchronous
demodulation method combined with a ratiometric algorithm; the value of the position is computed
as the ratio between the value of the difference and summation of the signal samples at 900
respectively 2700 phase shift in reference to the power signal. The transducer can communicate
over a RS-485 industrial serial interface in a master/slave network. The transducer will also have
primary signal processing functions such as digital filtering using the rolling average techniques,
scaling, real-time diagnosis of the LVDT sensor and of the amplifier, and failure operation mode
when detecting abnormal conditions.
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2. State of the art for LVDT transducers
2.1. Linear variable differential transformer
Linear variable differential transformer, or LVDT, is an induction-based electro-mechanical
transducer for displacement movement [1].

Fig. 1. Section view of an LVDT. Sinusoidal
current flows through the primary coil A,
inducing a voltage at the secondary coils B.

Fig. 2. Schematics of a generic linear variable
differential transformer (LVDT).

Considering the sinusoidal primary input signal s(t) with amplitude Ap and frequency f0
-

s(t)=Ap cos(2π f0 t)

the secondary winding voltages and their difference y(t) can be expressed as
-

y(t)=A(x) cos(2π f0 t + ϕ)

where A(x) function depends on the LVDT core position.
LVDT devices offer high repeatability, accuracy and linearity in displacement measurement but a
simple and robust construction. Plus, they are non-contact, allowing a reliable and accurate
measurement in harsh environments. They are immune to dust and dirt, making them a perfect
choice for displacement measurement in industrial applications such as hydraulics, mining and
construction equipment.
2.2. LVDT conditioning modules
A standard LVDT conditioning module has the following parameters: 1…20 kHz operating
frequency, 0.05% Full Scale Output (FSO) linearity error, 0…30m cable length between the sensor
and the electronics and a maximum 0.01% FSO per Celsius degree temperature coefficient.
Displacement information at the output is a DC or AC voltage proportional to core position, but
some modules provide a digital output interface, like the Alliance Sensor S1A module that has a
RS485 2-wire interface for multitidrop networks [2].
LVDT conditioning modules are available in monolithic form (integrated circuits), but can also be
built from discrete parts to fit them to custom applications.
A simple but efficient LVDT reading technique consists of the demodulation of the LVDT output
obtained by multiplying a signal synchronous with the carrier s(t) and low pass filtering. In this
method, used in the Philips Semiconductors SE5521 integrated circuit, the output voltage is a
function of the phase difference ϕ; this can be a disadvantage because the phase difference
depends of the length of the cable connected to the sensor (because long cables have large
capacitive impedance and transform the impedance seen by the conditioner from inductive to
capacitive).
Another LVDT reading technique is implemented in AD598 and AD698 integrated circuits from
Analog Devices: a ratiometric algorithm to find the core displacement. The AD698 divides the
secondary differential voltage by the input excitation signal and therefore the output is also phase
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sensitive. The AD598 generates the ratio of the difference between the two secondary signals and
their sum [3].
3. The concept
Using analog measuring amplifiers for interfacing sensors with microcontroller-based systems
requires a significant hardware design effort, both in terms of the design of the analog part of the
electrical circuit, as well as in terms of the power sources that are used since microcontroller-based
systems need a single stabilized power supply, typically 5VDC, while the analog amplifier requires
two stabilized power supplies with typical values of ± 15VDC; also sensor calibration adjustments
are done using analog methods since it is quite difficult to adapt the system to allow sensor
calibration under the control of the application running on the microcontroller-based system [4], [5].
The amplifier presented overcomes the above disadvantages by supplying the sensor using the
standard digital outputs of the microcontroller that, through the program running, generate a simple
sequence of rectangular TTL level signals. The analog circuitry required to implement the analog
blocks is included in most standard general purpose microcontrollers available on the market,
namely a general purpose voltage amplifier, a sample /hold circuit and an analog /digital
conversion circuit. These are powered from the supply voltage of the microcontroller and additional
stabilized power supplies are unnecessary. Sensor calibration can be performed under control of
the program running on the microcontroller since the useful signal from the sensor, which is
converted into numerical values, is processed by the microcontroller.
The sensor is powered with two rectangular signals (Ex+, Ex-), with a duty factor of ½, 1800 out of
phase, with the voltage levels 0V and 5V. This design enables to power the measuring amplifier
from a single stabilized source with a value of 5VDC and makes possible the doubling of the sensor
output signal (IN), because the sensor is supplied with a rectangular signal with the voltage levels
of -5V + 5V. The power signals are generated by a microcontroller that provides excellent time
resolution of the waveform [6].
The displacement information is contained in the voltage signal with the value V.

V  V90  V270 ,

(1)

The value V90 is the voltage value of the output signal of the sensor (IN), as measured either at a
phase shift of 900 from the supply signal Ex+, or after the time T/4 from the 0V5V transition of
signal Ex+, where T is the period of the rectangular power signal; similarly V270 is the value
measured at a phase shift of 2700 from the Ex+ signal (i.e. after 3T/4). The presented measuring
method ensures static state errors elimination since it is a differential measuring method. The IN
signal is amplified by the amplifier module (Fig. 3 – block no. 1) and applied to the sample and hold
circuit (Fig. 3 – block no. 2) included in the microcontroller. The sampling command of the values
V90 and V270 is given by the microcontroller according to the measuring method described above.
The voltage value stored by the capacitor from the sample and hold circuit is converted into a
digital value by the analog/digital converter (Fig. 3 – block no. 3), and the displacement is
computed according to (1). [7]
The digital processing of the displacement signal follows: ratiometric amplification, digital filtering,
scaling, limiting, digital/analog conversion etc.
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a)

b)
Fig. 3. The input circuit and the excitation for the
various types of LVDT sensors

Fig. 4. Waveforms

In figure 3a, the input and excitation circuit for the two coils, inductive half bridge LVDT and RVDT
sensors can be observed. In figure 3b, the input and excitation circuit for LVDT and RVDT sensors
with excitation coil can be seen. Figure 4 shows the waveform in various measurement points of
the input and excitation circuit.
4. Conclusions
The originality of the transducer, supported by special interest appeared in the scientific world and
by the patent, consists in supplying the sensor with rectangular signal and processing the sensor
output signal using a synchronous demodulation algorithm combined with ratiometric gain [8], [9],
[10].
The paper references an amplifier and a measurement method to be used for interfacing LVDT
(linear variable differential transformer) and RVDT (rotational variable differential transformer) type
sensors with microcontroller systems.
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Abstract: The material presents the most important solutions used in digital hydraulics and two
solutions of digital hydraulic distributor constructed by the authors.
Keywords:digital hydraulic, solutions, distributor
1. Introduction
Hydraulic actuation with its tradition starting from antiquity begun to lose ground in front of another
type of actuation, such as pneumatic and electrical actuation, mainly due to intensive energy
losses which hundreds of years did not matter. It should be mentioned that for a long period the
most important thing for machinery and complex line was that hydraulics to make necessary
movements in the time required, and the energy consumption does not matter in huge costs of the
complex systems in general. The problems of reducing energy consumption have appeared in
recent years, precisely at the same time with the developing of the hydraulics actuation of the
mobile machinery. Of course that the installing, maintenance, to reduce the CO2 emissions issues
created a state of anxiety in the field. The immediate reaction consisted in upgrade of the
equipment by improving fields, adapting hydraulic components for the new computerized drive
scheme and automation for obtaining consumptions at the requested level from the mechanical
drive systems and lately to recovery a fraction of the lost energy and the emergence of digital
hydraulics. [1]
2. The concept of digital hydraulics
Great novelty of the 90s was the transfer of digital hydraulics from theory to practice. This thing
was manageable due to specialists such as Scheidl, Linjama, Vilenius, Bishop, Wadsley, Merrill,
Kudzma, Ploeckinger, etc., who had the first notable practice results.[2],[3]
2.1. The definition of digital hydraulics
Digital Fluid Power means hydraulic and pneumatic systems having discrete valued component(s)
actively controlling system output (4). Very important for digital hydraulics is the “intelligent control”.
In Europe there is accepted that digital hydraulics has a branch that was based on parallel
connections, with a strong centre located in Tampere, and a branch based on the switching
technology, with a strong centre in Linz. It should be specified that digital hydraulics does not mean
traditional hydraulics, classic or modern with analog element which we drive with digital electronics.
Digital hydraulics means hydraulics or pneumatics systems which have in their structure at least
one hydraulic element to ensure at the exit specifically discrete values and active control. This
thing involves beside the digital hydraulic elements a proper electronic command, so a good
computerization of the system.
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2.2. The advantages of digital hydraulics
The advantages of digital hydraulics are extremely clear at the theoretical level, but less visible in
industrial practice. The hopes related to speed, robustness, simplicity and equipment reliability is
not yet materialized in industrial products used on the large scale or in some specific areas.
Comparative with the standard on/off hydraulics, digital hydraulics has a response time much
smaller, but it keeps the durability and work capacity in dirty mediums of the classic hydraulics
drives. Specialists from Tampere estimate that there is the possibility to save a percentage of fuel
between 20 and 40%, machines becoming more simple and light-weight without a price rising.
Digitization of all mobile machines can reduce consumption on road with a percentage between 5
and 10%. Even the general architecture of the hydraulically operated vehicle can be simplified by
using digital hydraulics, as in figures 1 and 2, as indicated by L. Wadsley.[4]

Fig. 2. Alternative mobile machine layout [4]

Fig. 1. Typical mobile machine layout [4]

3. Solutions of digital hydraulic pumps and motors solutions
3.1.
The digital hydraulic pump and motor are, as the Luke Wadsley from the company Sauer
Danfoss states, related to the construction methods of the displacement and how the cylinder with
the piston goes from suction to discharge. The simplified scheme in fig. 3 represents the basic
functional element, which actually is equivalent with the classic pump having inline pistons which is
done electronic both the commutation from suction to discharge and the displacement
adjustment.[4]

Fig. 3. Digital pump element [4]

Very interesting are those digital pumps and hydraulic motors produced by the company
ARTEMIS, which are controlled directly with quick directional valves controlled with
microprocessors. A schematic presentation of the pump and motors used in digital hydraulic
systems with parallel distributions and those used in switching technologies, are found in the work
of professor Lindjama and they are presented in figures 4, 5, 6.[5]

74

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

Fig. 4. Switching pump (a) and parallel connected pumps (b) [5]

Fig. 5. Piston type digital pump (a) and pump-motor (b) [5]

Fig. 6. Switching motor (b) and parallel connected motors (b) [5]

3.2. Digital hydraulic cylinders
In time there has appeared the theoretical idea that says the yield of an installation where the
working pressure varies with the load it is worse than of a system where working pressure is
constant and it is variable the area of cylinder piston. The one who has had the first serious
concerns in this field was the American Elton Bishop, who invented in 2001 the digital hydraulic
transformer (DHT). In figures 7 and 8 it becomes clear what digitalization of cylinders meant. [6]
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Fig. 7. [6]

Fig. 8. [6]

Figure 9 presents few of the possible options for the linear actuator with variable displacement
(VDLA), and figure 10 is a schematic diagram presenting the digital hydraulic transformer (DHT).

Fig. 9. [6]

Fig. 10. [6]

An interesting synthesis is made by professor Scheidl from a paper of the professor Linjama, and
presented in this material in figure 11.[7]
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Fig. 11. [7]

4. Digital hydraulics with parallel distribution
The history of hydraulics with parallel distribution it is quite long, probable starting with the year
1883 when was constructed the water pump station in London, continuing with Rickenberg,
Murphy si Weil. Even the work of Virvalo from the 70’s failed to introduce the idea of digital
hydraulics. Only started with the collective works from Tampere, which they defined the digital flow
control unit (DFCU), presented in figure 12, in a two-way version, and in figure 13 in a four-way
version.

Fig. 12. [5]

Fig. 13. [5]

5. Digital hydraulics –switching technology
The mechatronics centre from Linz assumed some ideas of the electric drive technology by switch
command and was placed the basics of commutation the digital hydraulics, with the base the
analogy of the electric switching systems with the hydraulic ones, as one can see in figure 14.
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Fig. 14. [7]

Figure 15 shows schematically the hydraulic directional valve switching solution, developed at the
University of Linz.

Fig. 15. [7]

Figure 16 shows a summary table of the switching methods (2).

Fig. 16. [7]
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In hydraulic installation of metal production machinery, agriculture machinery, machine tools will
surely use this type of digital hydraulics, but after completing the range of items with fast check
valves, with high performance pneumo-hydraulic accumulators.
6. Conclusions
In Romania, there are few researches in the field of digital hydraulics, and the great achievements
are fewer. The only theoretical attempts and achievement of some components are those of the
research group within INOE 2000 – IHP, which developed a hydraulic directional valve found at the
stage of functional model, for which a patent application (no A/00432/2016) has been elaborated
and submitted to the Romanian State Office for Inventions and Trademarks (OSIM) [8].
A small group led by the professor I. Bordeiasu from the Technical University Traian Vuia of
Timisoara and another group led by professors Vaida and Opruta from the Technical University of
Cluj-Napoca have joined the aforementioned research group.
The version addressed by the specialists from IHP Bucharest is that of switching digital hydraulics,
represented on international level by professor Scheidl from the University of Leinz, Austria. The
group of specialists from IHP, led by PhD. eng. Petrin Drumea, have PhD. eng. M. Blejan and PhD.
eng. R. Radoi, dipl. eng. Al. Hristea and dipl. eng. B. Tudor as leading researchers, and they
focused on building two types of directional valves, which are represented below (Fig. 17).

a. Normally closed type

b. Normally open type

Fig. 17.
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Abstract: The paper tackles the replacement of costly proportional direction control valves by
cheaper configurable arrays of digital micro valves. An original solution of such valve, developed
by the authors, is used for exemplification. The micro valve is characterized by simple construction,
modular structure, easy-to-implement digital control and reduced costs, features that recommend it
for use in various types of applications. Control techniques that may be used are also presented.
Keywords: digital direction control valve, configurable valve array, PWM control
1. Introduction
Modern pneumatic driving systems are endowed with intelligent sensors, embedded informatics
and control equipment, high performance braking systems and are characterized by increased
reliability, functional accuracy and static and dynamic performance as intensive research efforts
are made in order to reduce the negative effects induced by the physical properties of the working
fluid (such as reduced viscosity and high compressibility). In this context the authors aim to
promote pneumatic actuation systems by developing original, modular structures of PWM
controlled micro direction control valves able to be configured as versatile valve arrays.
Pneumatic solenoid valves may be subdivided into two categories: digital on-off solenoid valves
and proportional solenoid valves. Digital solenoid valves combine their open-closed position with
an electric on-off control. Proportional solenoid valves can be partially opened in direct proportion
to the input signal (variable voltage or current).
The evolution of technology led to the development of new flow control techniques, which allow the
use of digital components instead of proportional ones. PWM (Pulse Width Modulation), one of
these control techniques, is based on the generation of a square wave of constant frequency, with
variable pulse duration. The DC (duty cycle) is defined as the rate between the variable pulse
duration tp and the constant period of pulses To: DC [%] = tp / To x 100. A linear growth of the duty
cycle corresponds to a linear growth of the pulse duration. It means that a PWM control to a 2/2
normally closed (NC) solenoid valve implies a proportional variation of the passing flow rate, which
results to be: Q = Qnom x tp / To, where tp is variable, Q is the actual passing flow rate and Qnom is
the rated (nominal) flow rate. The flow rate may thus assume any value between zero and the
nominal flow.
The solution proposed in this paper lines up alongside with the tendencies of worldwide promotion
of PWM controlled valves as quick, accurate and cheap solution with applications that range from
positioning systems to biomedical engineering [1 - 8].
2. Previous solutions of pneumatic digital valves developed by the authors
The authors have developed a number of constructive solutions of such pneumatic devices. All the
versions were elaborated complying with certain general and specific design requirements:
 achievement of miniature experimental models;
 use of a large number of standard or modular parts;
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 manufacturing technologies specific to universal machines-tools available in Romania.
A first solution of pneumatic digital valve [9] is presented in figure 1. The main subassembly (fig.
1a) is constituted of the magnet 1, the cradle 2, the mobile plate 3 and the valve 4. When the
electromagnet 1 is not excited, the valve 4 closes the way between the supply and the consumer.
The helical spring 5 helps the closing. When the magnet is excited, the armature is attracted and
the connection between the supply orifice and the consumer is established again.
The first solution used an electromagnet encountered in the construction of matrix printers.
Meanwhile, an electromagnet designed specifically for this application was developed.

a)

b)

Fig. 1. Solution of pneumatic digital valve that features a cradle and a mobile plate; a) 3D representation of
the main subassembly: 1 – magnet; 2 – cradle; 3 – mobile plate; 4 – valve; b) experimental model: 1 –
electronic amplifier; 2 – pneumatic digital valve

Another example of pneumatic device that integrates a PWM controlled direction control valve is
presented in [10]. Figure 2 shows a 3D representation of the solution (with the valve body
removed).
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Fig. 2. Pneumatic device that integrates a PWM controlled direction control valve: 1 – mobile armature; 2 –
conical seat; 3 – ball; 4 –bolt; 5 - guiding part; 6 – valve cover; 7 – coupling; 8 – tie rods; 9 – nuts; 10 – quick
coupling; 11 – upper plate; 12 – adjustment rod; 13 – adjustment screw; 14 – groove; 15 – nut; 16 – collar;
18 – stud bolts; 19 - spring; 20 – valve body; 22 – clamping holder; 23 – magnet; 24 – screw.

The equipment has three positions and two nozzles, the preferential position interrupting the
circuit. The flow section is of type cylindrical seat – conical valve. The conical seat 2 is guided
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through the part 5 where the cylindrical seat is manufactured. The mobile armature 1 is fixed to the
valve 2. Two compression helical springs are used in order to preserve the preferential position.
The initial rise of the springs can be adjusted with the help of the stud bolts 18. The pneumatic
valve is driven using the magnet 23. There are two ways of adjusting the air gap. The coarse
adjustment means moving the upper plate 11 towards the valve cover 6 using the tie rods 8 and
the nuts 9. The fine adjustment uses the adjustment screw 13 and the adjustment rod 12, whose
rotation is obstructed by the groove 14. The rotation movement of the screw 13 is therefore
transformed in translation movement of the rod 12 fixed to the magnet. After establishing the air
gap, the described assembly is locked using the screw 24. The pressure supply nozzle is
materialized by the quick coupling 10 and the consumer nozzle by the coupling 7. In order to be
fixed on a stand, the clamping holder 22 is assembled on the valve body 20.
3. The basic module
With a view to achieving an easy-to-configure solution, the authors focused on the developing of
the core of the configurable valve array, the so-called “basic module”. The basic module is in fact
an innovative construction of PWM controlled micro valve that integrates the control electronics.
The micro valve is designed in a modular structure that will easily allow multiplying and
combination in function of the flow rate required by the application. Identical basic modules can be
configured as arrays of valves by mounting in a common body.
A section through the 3D model of the basic module is presented in figure 3.

Fig. 3. Section through the 3D model of the basic module: 1 – fixed subassembly of the magnet; 2 – valve
body; 3 – bushing; 4 – helical spring; 5 – mobile subassembly of the magnet, 6 – ball; 7, 8, 9, 10 – O-ring;
11, 12 – elastic ring; SO – supply orifice; CO – consumer orifice.

The innovative PWM controlled micro valve is a small sized device (dn = 2 mm) of type 2/2 or 2/3,
having a preferred position, and is electrically controlled using a magnet that can function at high
working frequencies ( 200 Hz). Normally, the path between the supply orifice SO and the
consumer orifice CO is closed by the ball 6 solidarly joined to the mobile part of the magnet 5 and
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pressed by the compression spring 4. The fixed subassembly of the magnet 1 is mounted in the
bushing 3 and its position is maintained by two elastic rings. The bushing 3 is fastened in the valve
body 2, provided with an external screw thread for assembly purposes. The relative distance
between the fixed and the mobile subassemblies of the magnet is adjusted during mounting.
An airflow is obtained this way through the consumer orifice CO, corresponding to the mean value
of the real flow that passes through the internal circuit of the device. Besides, the valve allows the
free flow of the fluid from CO to SO.
The device does not achieve a continuous control of the instantaneous flow, but controls the mean
flow in direct proportion to the duty cycle. It is shown in [11] that an almost linear variation of the
flow rate in function of the ball travel is obtained.
Among the advantages of the proposed solution are: reduced price compared to proportional
pneumatic direction control valves, elimination of hysteresis and its bothersome effects, very good
repeatability.
4. Array configuring
The main advantages of the modular solution refer to ease of mounting in a common body, rapid
connection to supply and discharge, versatile configuring of various arrays of such valves. The
control of significant flow rates will require the use of arrays of such micro valves since a basic
module can control a flow rate of maximum 180 l/min. For instance, an array of 9 basic modules
can control a flow rate of 1960 l/min at a supply pressure of 8 bar.
The micro valve was designed as modular basic module in order to easily allow multiplying and
combination in function of the flow rate required by the application. Identical basic modules can be
configured as arrays of valves by mounting in a common body. Figure 4 presents an example of
such a valve array.

Fig. 4. Array of four PWM controlled micro valves parallelly arranged: 1 – micro valve (basic module); 2 /
upper plate; 3 – base plate; SO – common supply orifice; CO – common consumer orifice

An alternate arrangement is presented in figure 5. In this case the three dimensional assembly
comprises six basic modules 1 described before in order to achieve a better efficiency of the
system. There is a hexagonal body 2 with six radial channels placed on each planar surface, so
that the fluid with the established working pressure value is obtained along the common consumer
orifice (the central hole). The process could be done for two or more basic modules, in function of
the requirements of the application. Meantime, the electronic device can be controlled following the
number of working micro valves.
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Fig. 5. Array of six PWM controlled micro valves arranged on a hexagonal body: 1 – micro valve (basic
module); 2 – hexagonal front plate; 3 – hexagonal back plate; SO – common supply orifice; CO – common
consumer orifice (central hole).

Another way of obtaining variable flow rates is to group arrays of valves with flow sections that
observe the pattern S0, 2 S0, 22 S0… 2nS0. In function of which magnets are supplied, 2n+1 distinct
outputs can be obtained.
5. Control of configurable arrays of valves
If the micro valves are grouped together in array structures, various control techniques can be
used [12, 13, 14].
The control techniques can be classified in three categories [14]:
I. flow control based on the joining of a number of classical construction valves:
I.1. Pulse Number Modulation (PNM): in this case, the outputs of various identical micro
valves are connected in parallel; the resulted flow will be proportional to the number of
controlled valves;
I.2 Pulse Code Modulation (PCM): in this case, the micro valves connected in parallel have
different flow sections, following a binary logic; the flow increment is much smaller than in
the previous case;
II. flow control based on the modulation of the control signal of a sole digital valve:
II.1 PFM (Pulse Frequency Modulation): the method is less used due to the complexity of
the control system;
II.2 PWM (Pulse Width Modulation): in this case, the frequency of the pulses remains
constant, the flow being controlled through the variation of pulse duration.
III. mixed control techniques: a combination of the previous cases; for instance, a combination of
PNM and PWM methods can be used in a control scheme that joins (n-1) valves of classical
construction and a PWM controlled one.
6. Conclusions
The construction of the basic module is simple and does not require sophisticated manufacturing
and mounting technologies. The proposed solution allows versatile configurations of micro valves
in order to control different flow rate values in function of the application.
Actually the authors are concerned with the building of the experimental model of the basic module
as well as with the development of relevant control strategies. The preliminary results are
promising and recommend the further development of valve arrays that would integrate complex
systems.
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Abstract: This paper presents a new educational analysis tool for the hydraulic wind power
transfer system, which is commonly used in industrial processes. This system is complex and
nonlinear and has a lot of parameters. Thus, this tool provides to teach undergraduate and
graduate students without experimental laboratory setup. The nonlinear mathematical model of the
system is firstly presented. Then the tool is designed for the system. Finally, some examples are
demonstrated for the system.
Keywords: hydraulic, wind power, educational tool, fluid system.
1. Introduction
Renewable energy systems and, especially, the wind energy will have a greater attention in the
energy market for the coming decades [1]–[5]. Over the past four decades, the consumption of
fossil fuels and emission of carbon-dioxide have almost doubled [6]. One up and coming form of
renewable energy is the wind power, which is produced by wind turbines which convert the kinetic
energy of wind to electrical energy via rotating blades [5]. Thus, the world-wide electricity
generation of wind power has gr swiftly, and wind power has become the fastest developing
renewable energy technology [7]. Accordingly, the wind energy power system is an important issue
in the literature. So, The Wind Power Transfer System is commonly dealt in industrial applications
especially for the energy process systems, and the system has attracted attention of many
researchers in the literature [8]–[13].
LabVIEW is very important analysis program for the scientific calculation, process systems,
industrial applications and measurement applications since LabVIEW has a flexibility program
combined with a lot of tools specifically for measurement, test, and the control such as in [14].
LabVIEW is an important program for teaching and learning since it supports and serves a wide
variety of needs for many applications [15].
Nowadays, some experimental setups are quite expensive. Also, many experimental setups
cannot also enable to be changed their parameters. For example, wind power system pendulum
systems, robotic systems etc. Thus, a virtual laboratory is considerable in order to analyze the
effects of parameters. Specially, to well comprehend some systems which haven’t experiment sets
is hard in teaching and learning. İn addition, in the education of the setups, to be comprehend the
effects of the parameters on the system by many students are constraint. In the literature, there are
many works for the educational tools for many systems such as [16]–[18]. Finally, an educational
analysis tool is designed via LabVIEW program for the wind turbine power transfer system from
renewable energy systems in this paper.
2. The Nonlinear Model of Wind Power Transfer System
A wind power transfer system is as in Figure 1 [8] where the hydraulic pump is in a distance from
the central generation unit. The hydraulic wind power transfer system includes a settled pump
driven by the wind turbine carrier and one or more settled hydraulic motors. The hydraulic pump is
used by the hydraulic transmission in order to transform the input mechanical energy into
pressured fluid and hydraulic water hoses and steel tube are used to transfer the accumulated
energy to the hydraulic motors [19]. A scheme of a wind-energy hydraulic transmission system is
as in Figure 1. As shown in the figure, a settled displacement pump is mechanically coupled with
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the wind turbine and supplies pressurized hydraulic fluid to two fixed displacement hydraulic
motors. The hydraulic motors are combined with electric generators in order to produce electrical
power in a centric power production unit. A high displacement hydraulic pump is needed in order to
flow major pressure hydraulics and to transfer the power to the generators because the wind
turbine produces a great deal of torque at the low angular velocity. Also, the pump can be arranged
with a settled internal speed-up mechanism. Flexible high pressure hoses or pipes attach the pump
to the piping toward the central generation unit.

Fig. 1. Wind Power Transfer System [8]

The mathematical model of the system is obtained by editing the equations of the hydraulic parts in
a combined configuration. The editing equations of the hydraulic pumps and motors in order to
compute flow and torque values [20] are employed to represent the closed loop hydraulic system
action. The equations are detailed in [8] and thus, the nonlinear equations of the system model is
as in (1) where Qp is the pump flow delivery, Dp is the pump displacement, kLp is the pump leakage
coefficient, Pp is the differential pressure across the pump, ρ is the hydraulic fluid density and v is
the fluid kinematic viscosity, ηmech, is the mechanical efficiency of the motor/pump which is
calculated as in (2) where ηtotal is pump/motor total efficiency and ηvol is is the pump/motor
volumetric efficiency, kLmA and kLmB are the leakage coefficients of the motors, DmA is primary motor
displacement, DmB is addition motor displacement, ImA is primary motor inertia, ImB is addition motor
inertia, BmA is primary motor damping, BmB is addition motor damping, β is fluid bulk modulus, Cd is
the flow discharge coefficient, A is the orifice area and is as in (3) where Amax represents the
maximum orifice area, hmax denotes the maximum orifice opening, and h indicates the orifice
opening. The inputs are also that ωp is the angular velocity of the hydraulic pump, hi the position of
the proportional valve. The auxiliary subscript-mA denotes the primary motor and subscript-mB
denotes additional motor.



A
A
2
2
  D p wp - k Lp Pp - Cd max hi
Pp sign  Pp  - Cd max  hmax  hi 
Pp sign  Pp  
dt 
hmax
p
hmax
p
V

dPp





dwmA 
A
2
  DmA   Cd max hi
Pp sign  Pp   DmA wmA  / k LmA mechmA  BmA wmA  / I mA




dt
hmax
p






(1)





dwmB 
A
2
  DmB   Cd max  hmax  hi 
Pp sign  Pp   DmB wmB  / k LmB mechmB  BmB wmB  / I mB




dt
hmax
p
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A
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hi , hi  hi 1  xi (the variations to orifice opening)
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According to these equations, the state space nonlinear model can be presented as in (4) where
the expressions are detailed in [8].

x  f  x   g  x U
y  h  x

 Pp 
w 


x   wmA  ,U   p 
 hi 
w 
 mB 

(4)

(5)

3. The Analysis Tool for the Wind Power Transfer System
By using LabVIEW program, an educational analysis tool is designed. This tool enables the
teachers to show the dynamic effects of the parameters in the wind power transfer system model
without such an experimental laboratory. Such a laboratory is may be quite costly, so all of system
parameters effects are analyzed thanks to the tool. Figure 3 shows LabVIEW block diagram for
the educational virtual tool. Figure 2 shows control screen for the system parameters by LabVIEW
program. The tool has a great deal of advantages. All of the parameters of system can be modified
by this tool interface. Thus, the impressions of parameters on the system can be observed without
an expensive laboratory.

Fig. 2. The designed control panel

By using the designed control panel, all of the parameters effects on the system outputs can be
analyzed. Thanks to this tool, a designer can observe the crucial parameters for the an
experimental or simulation control. The sample values of the system parameters are as in [8] for
the simulation.
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Fig. 3. The block diagram of Labview program

To observe the parameters effects on the system the tool is worked. For example, to observe
which is the pump displacement, the results of the tool are in Figure (4). It is shown that, during the
simulation, the effects of the parameter are observed when Dp is increased 0.1 at the random time
period. For another example, when It is shown in Figure (5) that the effects of the parameter are
observed when DmA is decreased 0.1 once in a second during the simulation.

Fig. 4. The outputs for the system according to the changes of Dp.
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Fig. 4. The outputs for the system according to the changes of DmA.

According to the results, all parameters effects can be analyzed thanks to the tool. So, the tool is
very useful for the learning and teaching. Also, the tool is improved by the controller and so
controller effects can be analyzed.
5. Conclusions
In this paper, an educational virtual analysis tool is designed for hydraulic wind power transfer
system. The tool provides users to modify parameters of system and so the users obtain interface
observe the outputs as graphical. The tool helps students to improve their scope without any
laboratory. Especially, the tool allows undergraduate and graduate students to discover the effects
of the parameters in the mathematical model of the hydraulic wind power transfer system wind.
Finally, according to simulation results, the students can easily understand the differences of
parameters and their effects via the designed virtual analysis tool.
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Abstract: Digital hydraulics appeared in the hydraulic field for a long time, without this name, but
with idea on how operate still available today. One of the basics ideas is that the new devices to
have a simple design and tehnology to reduce price below the level of servo valves and even of
proportional directional valves. The valve presented in this article represent the normal closed type
from patent aplication filed by authors. This type of valve, operated with high frequency
electromagnets – above 100Hz – have their main role to replace the traditional servo valves which
have the function principle flow control according to the current command, keeping constant a loss
of pressure which in normal conditions it is up to 70 bar.
Keywords: digital hydraulics, switching valve, high frequency, PWM control
1. Introduction
The ellements which deffines the type of digital hydraulics [1,2,3] are the distribution valves
(directional valve), which in this article are on/off type, high frequency (bigger than 100 Hz). The
chosen variant for analysis is the normal closed and have a functional section in fig 1.

Fig. 1. Normal closed switching valve

The components of interest are:
-

High frequency electromagnet (1)
The electromagnet shaft attached to spool (2)
Distribution spool (3)
Valve body (4)
Closing spring (5)
Admision chamber (20)
Crossing section (21)
Discharge chamber (22)

While electromagnet (1) not acted (controlled) electrically, spool (3) it is pulled by spring (5) for
closing the crossing area (21) [4] between the admission chamber (20) and the discharge chamber
(22).
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Once operated the electromagnet (1) [5] with a curent comand rectangular type appear the
oppening of crossing areea (21) noted in the graffic from Fig. 2 with Amax. Along with the increasing
frequency of closing-opening of the area (therefore the electromagnet working frequency). The
efective area of passage become At taking the shape from area c) of the figure 2.

Fig. 2 Effective passage area through valve

2. Mathematical models
2.1. Determination of the pass debit Q2 from the admission chamber (20) in the discharge
chamber (22) by the crossing chamber (21). Elements of flowing section are shown in Fig. 3
Q2 = CDSC

2
𝛥𝑝
𝜌

(1)

𝑑 2 +𝑑 3
2

SC=πdne=πe

(2)

𝑑 2 +𝑑 3
2
𝛼
ycsin 2

dm =

(3)

e=

(4)

𝑑 2 +𝑑 3
2

𝛼

𝛼

𝛼

= ecos2 = yc sin2  cos2
𝛼

(5)

𝛼

d3=d2- yc sin 2  cos2

(6)

𝛼

d3= d2- yc sin2

(7)

In the end,
𝛼

𝛼

𝑑 2 +𝑑 2 −𝑦𝑠𝑖𝑛𝛼
2

= π ycsin 2 d2 1 −

SC= πdn yc sin 2 = π yc sin 2 
𝛼

SC= π ycsin 2 

𝑑 2 +𝑑 3
2

(8)
𝛼

𝑦𝑠𝑖𝑛𝛼
2𝑑 2

how yc<<d2 and ycsinα<<d2 →
𝛼

Sc≈πd2yc sin 2
And replacing (9) in (1) to obtain:
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𝛼

2𝛥𝑝
𝜌

𝛼

2

𝜌

Q2 = CDπd2ycsin 2 
Q2 = CDπd2ycsin 2 

(10)
𝑝1 − 𝑝2

(11)

Fig. 3 Flowing section

2.2 Conservation equation of flow from entering the valve
Q2 = Qp - Qt - ΔQe

(12)

Q2 = the flow goes to user
Qp – the flow delivered by the pump
ΔQe – compressibility flow asociated with the volume valve – hydraulic motor
2.3. The equation of dynamic equilibrium of the command spool
Fem = Fs+Fi+Ff+Fh

(13)

Fem – electromagnet force
Fs – spring force
Fi – inertial viscous force
Ff – force of viscous friction
Fh – hydrodynamic force in transient regim
Fem=keic-ksyc

(14)

with: ke and ks constants
ic – command current
yc – movement of the spool and the mobile core
𝜋

Fpc= 4 + 𝑑12 𝑝2

(15)

Fpc - pressure force against the command spool
d1 – spool diameter
p2 – adjusted pressure
Fs = ks (xo+yc)

(16)

ks – constant of the spool spring
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xo – spool spring pre-grip
Fhs – hydrodinamic force
Fhs=2cdπdsycsinα(p1-p2) cosθcv

(17)

Fν - force of viscous friction
Fν=

𝜋𝑑𝑙 𝑠
𝑑𝑥
𝜇 𝑑𝑡
𝑗 𝑠

(18)

Fi – inertial force
𝑑 2 𝑥
𝑑𝑡

Fi=mp

(19)

Fh’f - transient hydrodynamic force component
Fh’f=

𝜋𝑐 𝑑 𝑑 1 𝑙 𝑡𝑠
2
𝑃

∙

𝑦𝑐
𝑝1

∙

𝑑𝑝 1
𝑑𝑡

(20)

3. Simulating mathematical models
The simulation is on a Mathlab/Simulink platform. Starting with the mathematical models
determinated at the point 2 and having the next parameters:
d1 = 8…14 mm

ks = 45 N/mm – spool const.

d2 = d1-(2…4) mm

Cv = 0,2…0,8 – speed coefficient

yc = 0,1 …0,8 mm – spool stroke

 = 0,03 kg/m*s – dynamic viscosity

CD = 0,6 and 0,65 – flow coefficient

 = 69

5

2

5

2

p1 = max 200*10 N/m
p2 = max 200*10 N/m

j = 0,1 mm

p1-p2 = max 200*105 N/m2
ρs = 7850 kg/m3 - the density of the spool material
ρf = 860 kg/m3 - the density of the working fluid
α – 45; 60; 75 and 90 degrees

Fig. 4. Simulation diagram for valve flow
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Fig. 5. Simulations results for valve flow at different valve angle

Fig. 6. Simulation diagram for hydrodynamic force
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Fig. 7. Simulations results for hydrodynamic force

Fig. 8. Simulation diagram for viscous force

Fig. 9. Simulations results for viscous force

4. Conclusions
Hydraulic switching is a subdomain of digital hydraulics, which is characterized by achieving
control only just using discrete states. In switching hydraulics these components with discrete
states are commutations valves.
Digital valves for switching hydraulics have simple design and low cost. Their command require a
special electronic module which provide PWM signal.
This equipment have better energy efficiency compared to conventional servo and proportional
valves.
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Abstract: The paper presents the Poiseuille flow of a non-Newtonian fluid in a large rectangular
gap, taking into account the thermal processes. The basic assumptions are: the flow is steady
state, the rheological model for the grease is the Bingham model and the energy equation is
integrated without considering the convective terms (heat transfer preponderant to the walls).
Finally, the velocity, the temperature profile and the shape of the stagnant core for the flow were
obtained.
Keywords: Non-Newtonian fluid, Poiseuille flow, Rectangular gap
1. Introduction
The classical hydrodynamic lubrication theory in its original form can be applied only if the lubricant
behaves as a linearly viscous fluid (Newtonian) with negligible temperature rise. Applications
involving non-Newtonian fluids require appropriate formulation [1 - 3]. A class of non-Newtonian
fluid utilizes a so-called Bingham model in some tribological applications to describe the flow
characteristics of some lubricants, such as grease or fine suspensions [4 - 5]. Two parameters,
which characterize Bingham plastic models, are the yield stress (0) and the viscosity (). When
the magnitude of the stress tensor is less than the yield stress, the behavior of the fluid is akin to
that of a rigid solid. When the yield stress is exceeded, an ideal Bingham plastic fluid commences
to flow as a linear viscous (Newtonian) liquid [6 – 7]. The purpose of this paper is to study the flow
of a Bingham fluid in a large rectangular gap, taking into account the thermal processes.
2. Theory
To understand the behavior of the Bingham fluid in the Poiseuille flow process (Figure 1), the onedimensional velocities and energy equations must be formulated. In the formulations that follow,
the next assumptions are adopted:
 the flow is laminar, incompressible and stationary;
 the energy equation is integrated without considering the convective terms (heat transfer
preponderant to the walls);
 the thermal conductivity of the fluid is constant;
 the viscosity and yield stress of the fluid are constant across the film thickness and depends
only by the mean temperature Tm for the considered section [1]:
h

Tm 

2

2
Tdy
h 1    h



(1),

2

where: T – temperature;
Tm – mean temperature;
h – film thickness;
y – coordinate across the film;
 – relative core thickness.
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core

Fig. 1. Geometry of the rectangular gap

The constitutive equation for an ideal Bingham plastic model is:

  0 

du
dy

(2),

where: u – velocity;
 – viscosity;
 – shear stress;
0 – yield stress.
The yield stress and the viscosity of the Bingham fluids decrease exponentially with increasing
temperature [8 - 9]. The relationships yield stress-temperature and viscosity-temperature are:

 0   0* e  T T0 

(3)

   0e   T T0 

(4),

where: T0 – reference temperature;
 – viscosity-temperature coefficient;
 – yield stress-temperature coefficient;
0 – viscosity at reference temperature;
 0* – yield stress at reference temperature.
Using the mean viscosity and yield stress assumption, the relations (3) and (4) become:

 0m   0* e  Tm T0 

(5)

 m   0e   Tm T0 

(6),

where: Tm is given by the relation (1);
m – viscosity at mean temperature;
0m – yield stress at mean temperature.
Taking into account of all these assumptions, the velocity and energy equations for the considered
flow process will be:
 velocity equation:
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dp
d 2u
 m

dy 2
dx
 2
d u  0
 dy 2



for

   0m
(7)

for

   0m

energy equation:
2

 d 2T
 du

  m 
2
 dy
 dy

2
 d T

 dy 2  0



  0


for

   0m
(8),

for

   0m

where: p – pression;
x – coordinate in direction of motion;
 – thermal conductivity of the lubricant.
Referring to Figure 1, the boundary conditions for the velocities are:

h
u  0 at y 
2


du
0
u  u c and
dy


du
0
u  u c and
dy


h

at

y 

at

y 0

(9),

2

where: uc – core velocity.
Similar, the boundary conditions for the energy equation are:

dT
h

T  T 1 and   dy  K T 1 T 0  at y  2

T  T max and   dT  0 at y  h

dy
2

(10),

where: K – global heat transfer coefficient;
T1 – wall temperature;
Tmax – maximum temperature.
The global heat transfer coefficient K is given by the following relation:
1

K



s 1

* 

(11),

where: s – wall thickness;
 – convective heat transfer coefficient;
* – thermal conductivity of the wall.
The following dimensionless parameters will be used throughout this paper:

y 

2y

h

; T 
2 *2
0

h 
B0 
4 0

T
T0

; Q0 

; T1 
12 0Q

h 2 0*

T1
T0

; Tm 

T m1
T0

; u 

* h
; K 
2 s  * 

where: Q – flow rate per unit width.
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The dimensionless velocity profile and the temperature distribution are obtained by integrating the
equations (7) and (8) and considering the boundary conditions (9) and (10):





2

1  y  y  2  1 for
u 
2

for
1   

y   ;1

(13)

y  0;  

 B 0   2 T T 1  y  44 1   3 1   4 
0 m


1  2 e


12
12 

3K


T 
3
1   4 
 B 0   2 T0 Tm 1  1   
1

e



 2
12 
 3K


for

y   ;1
(14),

for

y  0;  

where the relative thickness of the core  is given by the relation:

 

2 0m
h dp / dx 

(15)

Analyzing the relations (13) and (14), it observe that the flow process is determined by two
parameters: the relative film thickness of the core  and the dimensionless mean temperature Tm .
They can be obtained by solving the equation system given by the relations of the mean
temperature (Eq. 1) and the flow rate:
1

 3  3  2    T0 Tm 1
Q

u
d
y

e
 0


1

1
B 0   2 T0 Tm 1  1   3 1   4 
1

T

T
d
y

1

e



m

1  
15 
2
 3K




(16)



Eliminating the mean temperature in the system (16), a transcendent equation for the relative core
thickness is obtained:
1

   T 0

1    
ln
2

Q 0

 2



 1 1 

5
K
2
3

B 0 1   3 


  2

2
  1      2       0


Q 0



(17)

3. Results
Equation (17) will be numerically solved, for different values of the dimensionless parameters B0,
K , Q0, T0,  and . Regarding the dimensionless global heat transfer coefficient K , an
observation is imposed: due to the small values of the wall thickness (s = 1…5 mm) the coefficient
K is practically negligible of the thermal conductivity of the wall *. It depends only of the
convective heat transfer coefficient  and the thermal conductivity of the lubricant :

K 

h
2

(18)

In Figures 2 a, b and c, some typical results corresponding to the mean temperature-relative core
thickness relationship are presented.
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Fig. 2. Relationship between the mean temperature and relative core thickness for T 0 = 20 C

4. Numerical application
In order to observe the influence of the thermal effects on the flow process, three kind of greases
with different yield stresses and viscosities have been considered [10]:
- SHELL Retinax Grease is very high performance lithium complex grease, lead free, with
extreme pressure properties, developed for the lubrication of automotive wheel bearings
subjected to high temperatures;
- ABRO Grease is a heavy-duty lithium grease, that lubricates chassis points, wheel bearings
and ball joints, reduces friction and premature wear, protects against rust and corrosion;
- TOTAL LiCa2 Grease is a multipurpose extreme pressure grease for lubrication of all types of
anti-friction bearings subjected to heavy loads and high temperatures, that allows extended
lubrication intervals.
The rheological characteristics of the greases are presented in Table 1 [10]. The other
characteristics of the flow process are:
 film thickness h = 10 mm;
 thermal conductivity of the lubricant  = 0.14 W/mK;
 convective heat transfer coefficient  = (15 … 50) W/m2K;
 flow rate Q = (1.610-3 … 810-3) m2/s.
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The velocities distribution and the temperature profile for the flow process, for different values of
the flow rate, are presented in Figures 3 and 4.
TABLE 1: Rheological parameters of the greases [10]
Grease
TOTAL
ABRO
SHELL

0*, Pa

0, Pas

, 0C-1

, 0C-1

422
572
680

0.274
0.869
0.663

0.0182
0.0221
0.0135

0.0457
0.0291
0.0171

-3

2

Fig. 3. Velocities distribution and the temperature profile for Q = 1.610 m /s

-3

2

Fig. 4. Velocities distribution and the temperature profile for Q = 810 m /s
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5. Conclusions



The core size is determined by the yield stress 0, the viscosity , the dimensionless flow rate
Q0 and the dimensionless global heat transfer coefficient K , which vary with respect to the
temperature rise;
The dimensionless mean temperature Tm tends to increase with decreasing of the



dimensionless parameter B0 and of the ratio  /;
The dimensionless mean temperature Tm tends to increase with increasing of the







dimensionless global heat transfer coefficient K ;
The velocity distribution corresponds to the classic non-Newtonian profile and depends on the
convective heat transfer coefficient  ;
The temperature profile is parabolic flattened, with a small gradient of temperature in the
proximity of the wall (approximate 50C for  = 15 W/m2K);
The gradient of temperature tends to increase with decreasing of the convective heat transfer
coefficient .
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Abstract: The paper presents some considerations regarding the new technologies, used
increasingly more, namely energy recovery technologies, used in hydraulic drive systems in order
to increase their energy efficiency. This technology represents a new trend in the development of
thydraulic drive systems and it aims to develop and implement devices and systems for kinetic or
potential energy capture, storage and reuse in order to save energy and, where appropriate,
reduce adverse environmental impact and where the main problem is storing the energy
recovered. In the second part, there are presented some experimental models, which confirm the
possibilities and the technical solutions adopted for capturing, storing and reusing kinetic and
potential energy. There are presented some graphical results, which clearly show the phases of
energy capture, storage and reuse, specific for energy recovery concept, and also some
conclusions.
Keywords: Energy recovery, energy conversion, energy capture, energy storage, hydraulic drive
system, energy efficiency
1. Introduction
Generally, for the driving of machinery, equipment and technological systems, most part of
installed power is used in the phase of starting/accelerating, in order to accumulate a kinetic
energy or a potential energy, useful in their operation. After consuming the active phase of the
work cycle and after achieving useful mechanical work, in these systems there remains unused
amount of energy available, which, before resuming the next work cycle, is removed from the
system by conventional methods, dissipative, i.e. by braking, in which the energy is lost
irretrievably in atmosphere, sometimes with negative impact on the environment [1].
For engineers, the technical problem that needs to be solved is to recover this available energy,
and then reuse it in active phases of the next work cycle, in order to improve the energy efficiency
of driving systems of machines, equipment and technological systems.
That is why in the last decade engineers have started a number of actions to identify these
situations, design and elaborate technical solutions for the newly developed equipment, but also
for the existing one, by which a part of this energy available can be captured, stored and then
reused in the next work cycle, in order to greatly increase energy efficiency of the systems [2].
For the mobile machinery and equipment, the main problem is capturing and storing the available
energy, but this is relieved that the stored energy is reused in the next operating cycle.
In case of recovering kinetic energy from motor vehicle braking [3], by adding an energy recovery
hydraulic system, the vehicle becomes a Hybrid vehicle, which works using the mechatronics
technology [4].
In the following, the paper presents some experimental results obtained by the Hydraulics and
Pneumatics Research Institute INOE 2000-IHP from Bucharest, regarding the development and
implementation of some hydraulic systems for energy recovery, in order to demonstrate the
possibility and viability of technical solutions chosen, and also to show the increase of energy
efficiency, in mobile and industrial hydraulic drive systems.
105

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
2. Lifting and lowering equipment with energy recovery system
To demonstrate the possibility of potential energy recovery, in INOE 2000-IHP there has been
developed a model of equipment for lifting masses / weights at various heights, hydraulically driven
and provided with energy recovery system, based on a rotary hydraulic motor.
The concept of demonstration model for the recovery of potential energy is based on a hydromechanical assembly, simulating lifting and lowering equipment, Figure 1, with a system which
actuates the cable drum from a hydrostatic unit / machine.
The equipment may be used in mechanical workshops, in stages of assembly processes.
As we know, potential energy is calculated using the equation:
𝐸𝑝 = 𝑚𝑔ℎ = 𝐺ℎ ,

(1)

where:
𝐸𝑝 - is potential energy; m - mass of the object that descends under gravity; g - gravitational
acceleration; h - height at which the object is at a time; G - high weight, which lowers the
gravitational field.
Constructive lifting equipment with energy recovery consists of the following main parts:
1- lifting and lowering device, Figure 1;
2- module of capturing, storing and reusing, Figure 2;
3- mobile hydraulic station, Figure 3.

b)

a)

Fig. 1. Lifting and lowering device, layout (a) and physical model (b)

The lifting device, Figure 1, a) and b), consists of a welded metal structure set on a movable frame
on wheels, with a driving drum from a hydraulic axial piston machine. It also has a system of
pulleys, one of which is mobile, leading to duplication of effort for weight lifting by cable.
When lowering loads, at a controlled rate in the gravitational field, potential energy, transformed by
using the system of cables and reels into kinetic energy of rotation of the cable drum / drum, is
converted into hydrostatic energy by machine / hydrostatic rotary unit, which is stored and then
reused in the lifting phases.
First, it must be noted that energy recovery is not limited to use of the hydraulic pump in some
inactive phases of a technological system, but it is also intended for storage and reuse.
The module of capture, storage and reuse of energy is presented in Figure 2 and the mobile
hydraulic station -in Figure 3.
At the controlled descent of the load / weight, the torque generated by the drum Cable and the
tangential force drives a hydrostatic machine, which now works as a pump. Thus, potential energy
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is converted into hydrostatic energy, which is then stored in a battery of hydro-pneumatic
accumulators, then reused in the next work cycle.
These complex functions are performed by a module, which is made with a recovery and reuse
energy system. This system is now under the phase of patenting by OSIM Bucharest.

Fig. 2. Module of capturing, storing and reusing

Fig. 3. Mobile hydraulic station

An important part of the hoisting equipment with potential energy recovery is the mobile hydraulic
unit. It moves and connects with the hydraulic motor which drives the rotary drum with cable,
through some hydraulic hoses with quick couplers.
The hydraulic station has been constructed from a standard station, composed of tank, electropump, hydrostatic valve, adapted by mounting the components of recovery module, such as
hydraulic distribution block, hydraulic accumulator for storage of recovered energy and the
directional valve for connecting pumps in the recovery mode phase.
Figure 4 presents the simplified hydraulic diagram of the hoisting / lowering equipment with energy
recovery system, and Figure 5 presents the general view over hoisting / lowering equipment, inside
of the Laboratory of Hydraulic Transmissions with Energy Recovery Systems from INOE 2000-IHP.
The technical solution is patent pending.

Fig. 4. Hydraulic diagram of the hoisting / lowering equipment with energy recovery system
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a)

b) Right view

Left view

Fig. 5. General view over the hoisting / lowering equipment

The presented model allows conducting experiments necessary to obtain plots of dynamic
parameters developed: hoist force, stroke, drive pressures, amount of energy storage and reuse.
Tests carried out will validate the proposed constructive solutions.
Lifting equipment with potential energy recovery system, by converting it into hydraulic energy,
stored and reused, are of a high innovative level, applicable to machines.
3. Lifting work platform with hydraulic energy recovery system
An important category of hoisting equipment are the hydraulically driven lifting platforms, used in
mechanical workshops or for people with walking disabilities, to access various public buildings,
see Figure 6.
In all these devices or platforms, most with hydraulic drive, in each upward stroke is generated the
energy required to carry out the work necessary to lift the load, and then the potential energy
gained is dissipated into the environment, usually by liquid restriction; thus, the liquid is heated and
additional energy for cooling the fluid is required.
In these circumstances, return in such equipment is low, and this requires measures to improve it.
The technical problem is whether we can recover at least some of this potential energy to reuse
the energy recovered during active hoisting phases of the next work cycle, which leads to
substantial increase in energy efficiency or lower energy consumption.
To this end, an energy recovery and storage system has been designed and developed, see
Figure 7.
The technical solution is patent pending.

Fig. 7. The system for potential energy recovery
and storage

Fig. 6. The initial lifting platform
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In the following lines, Figure 8 shows an experimental model of hydraulic lifting platform, actuated
with a linear hydraulic motor (hydraulic cylinder) and equipped with a hydro-pneumatic system for
recovery and reuse of potential energy to the end of lifting phase; the model is developed in INOE
2000-IHP. The hydraulic module for energy recovery complements the classic hydraulic drive in
order to recover the potential energy at lowering the load (weight), by capturing and storing it in
hydraulic accumulators, followed by reuse in the phase of lifting the load.
The hydraulic module for recovery of potential energy, which is implemented on the classic
hydraulic system of the platform, is shown in Figure 9 and consists of the following parts: Pos. 15
= stroke transducer; pos. 16 = ф 63 glycerin manometer, 0-250 bar; pos. 17 = accumulator safety
block Dn 10 Pn = 400 bar; pos. 18 = Hydraulic accumulator with V0 = 2.5 dm3 and Pn = 400 bar.
The system also has a hydraulic block (19) where necessary hydraulic elements (distribution, flow
transducer, check valves, etc.) are mounted. The hydraulic system for recovery of potential energy
in the hoisting platform is now in patent pending at OSIM Bucharest.

Fig. 8. Lifting platform with energy
recovery system

Fig. 9. Hydraulic diagram of platform with energy recovery
system

4. Experimental model for rotating kinetic energy recovery
In this section we present an experimental model which was conceived as a new technical solution
for an energy recovery system, from an electro-mechanical-hydraulic drive system, belonging to a
technological equipment, having a mechanical structure with rotational mechanism hydraulically
actuated.
The main part of the experimental model consists of a Mechanical System, which contains a
mechano-hydraulic giroinertial device with horizontal axis, as shown in Figure 10, which is a
mechanical ensemble (3) that ensures hydrostatic power transmission, by conversion into
mechanical energy by using a reversible hydraulic machine (1), with the horizontal axis coupled to
the axis of the rotational mass, and also a measuring box, which gives the possibility to measure
the torque and rotational speed, by using a special torque and rotational speed transducer (2). The
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other three elements, 4, 5 and 6, depict the strengthened bearing (4), the axis of the rotating mass
(5), and respectively the flange (6) of the rotating mass (M) [5].
The second ensemble of the experimental model, shown in Figure 11, consists of a Hydraulic
System, composed of a conventional hydraulic station (1), with electric control panel (2), and also
ERHS-the Energy Recovery Hydraulic System (3).

Fig. 10. Giroinertial device

Fig. 11. Hydraulic station with ERHS

As we know, rotational kinetic energy is calculated using the equation:
𝐸𝑘 =

1
2

𝐽𝜔2

(2)

where:
Ek - is the rotational kinetic energy; J - inertial mass moment of the object being in rotational
movement; ω – angular velocity of the rotational mass.
In order to develop the experimental research regarding the recovery of rotational kinetic energy,
there has been simulated a potential technological equipment, having a mechanical structure with
a rotational mechanism (MROT) with hydraulic actuation (SHP). The new technical solution for an
energy recovery system (ERHS) has been implemented on this experimental model. There
followed getting a small experimental model that does not require much large masses in rotational
movement (MR), Figure 12 and Figure 13, [6]. The technical solution is patent pending.

Fig. 12. Experimental model concept

Fig. 13. The experimental model

In order to monitor and record the evolution of the main functional parameters of the experimental
model, for recovery of rotational kinetic energy, it was necessary to design and develop a special
data acquisition system, which allows computerized processing of signals collected from all the
existing transducers. To demonstrate the possibility for recovery of rotational kinetic energy it was
necessary to conceive a special test stand, Figure 14, [6].
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Fig. 14. General diagram of the test stand

The test stand, presented in Figure 15 and Figure 16, consists of three main systems: a
mechanical system, a hydraulic system and an electro-informatics system.

Fig. 16. The electro-informatics system

Fig. 15. Overview of the test stand

The demonstrative model for recovery of rotational kinetic energy, which was subjected to tests
regarding the demonstration of the possibility to recover rotational kinetic energy, has many
sensors and transducers implemented on the mechanical system and on the hydraulic system,
mounted in order to monitor and record the evolution of the main functional parameters during the
experimental tests. There are: torque and rotational speed transducer, Figure 17, pressure
transducers, Figure 18, gear wheel flow meter, Figure 19, and turbine flow meter, Figure 20.

Fig. 17. Torque and rotational speed transducer

Fig. 18. Pressure transducers
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Fig. 20. The turbine flow meter

Fig. 19. The gear wheel flow meter

Some experimental results
To demonstrate the possibility to recover the rotational kinetic energy, and also to verify the
technical solution adopted, the demonstrative model was subjected to a set of testing samples.
In the following we present only an example for graphical variation of the main parameters of the
system, for a certain value of pressure limit, for a certain value of rotating mass and a certain value
of nitrogen initial pressure in the hydro-pneumatic accumulator. Figure 21 and Figure 22 present
the mechanical parameters: rotational speed [rpm], torque [Nm] and number of rotational cycles [-].

Fig. 21. Rotational speed and torque variation

Fig. 22. Rotational speed and number of cycles

Using the monitoring and data acquisition system a lot of graphical results have been obtained.
Figure 23 presents, up to down, the variations of the main hydraulic parameters of the system: p1inlet pressure in hydraulic motor [bar], p2- outlet pressure from hydraulic motor [bar], p3-storing
subsystem pressure [bar] and oil flow variation [lpm]. Figure 24 presents the energy parameters:
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acceleration power [W], acceleration energy [J], recovered power [W], recovered energy [J], and
also recovery energy coefficient [-].

Fig. 23. Variation of hydraulic parameters

Fig. 24. Variation of energy parameters

5. Conclusions
The paper presents few of the experimental hydraulic models conceived by INOE 2000-IHP, which
aim to demonstration the possibility for recovery of energy remaining after useful mechanical work
is achieved, in mechanisms with hydraulic drive, and also the possibility for reuse of the recovered
energy, in the active phases of the next work cycle, in order to increase energy efficiency of
hydraulic systems.
Both the experimental models for potential energy recovery and a model for rotational kinetic
energy recovery are described.
The experimental results, already obtained in recovery of rotational kinetic energy, have validated
the technical solutions addressed, and by experimental measuring they confirmed the real
possibility to recover about 55-60% of energy, which confirms theoretical results regarding energy
recovery in braking phase, which is over 65% [7].
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The adopted technical solutions can be promoted in the new technological equipment, in the
design stage, as well as in the existing equipment, where they can be implemented in the phase of
rehabilitation.
The users of the research results are the manufacturers of automotive and industrial technological
equipment with hydraulic drive, which can adopt this innovative technology to achieve important
and great benefits.
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Abstract: This paper presents the first stage in the development of a simulation model for
motocross motorcycles used in sport to compete on closed sandy tracks. The aim of creating
a simulation model of this type of motorcycle is to determine the optimal parameters of
the vehicle’s semiactive suspension depending on the technical parameters of the track.
Keywords: Simulation model, modelling of dynamics, semiactive suspension.
1. Introduction- types of off-road motorcycles
Depending on the type of ground and the degree of difficulty and character of the given terrain, four
different classes of off-road motorcycles can be distinguished. Trial motorcycles, with a light weight
of 80 kg, are most suitable for drives through very demanding areas with large differences in
elevation. Enduro motorcycles, weighing from 120 to 150 kg, are designed for routes with a varying
degree of difficulty and relatively high speeds. Racing motorcycles, e.g. the KTM 660 Rally with
a weight of 200 kg, best perform on extremely long routes where the motorcycle must have
travelling properties. Most of the racing and enduro motorcycles have type approval and are
roadway-licensed.
The class of off-road motorcycles considered in this paper are motorcycles designed
for competition on closed motocross tracks where fast stretches and spectacular jumps occur.
A motorcycle of this type is characterized by light weight (about 95 kg) and its drive unit’s power
is increased to the limit. In comparison with enduro motorcycles, the motorcycle’s suspension
is stiffer, which is necessary for jumps. It is a motorcycle of this class (fig. 1) which is studied in this
paper.

Fig. 1. Cross sport motorcycle Yamaha YZ 250 F [1]

2. Creation of motorcycle model
The Adams software for multibody system dynamics and motion analysis was chosen to create
a model of the motorcycle. The choice was decided by the high computing capacity of this
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environment and by the possibility it offers of creating a model with a kinematic structure
corresponding to the real motorcycle. The environment’s element essential for the analysis
of vehicle traction properties is the Adams tire module which enables one to model the vehicle
tyre/ground contact. The software includes a Soft-Soil library containing descriptions of the contact
of the tyre with any sticky ground, such as sand, clay or snow. Moreover, the Adams software
offers the possibility of importing solid elements from other CAD systems, such as CATIA
or Inventor, which facilitates building subassemblies of the studied object. The steering system
components were developed using the Adams Control-Toolkit module.
The motorcycle model was created on the basis of the 2006 Honda CRF 250 motorcycle shown
in fig. 2.

Fig. 2. Honda CRF 250 motorcycle.

3. Creation of solid motorcycle model
In order to model vehicle motion dynamics one must know such parameters as: the weight,
moments of inertia and centres of gravity of the vehicle’s structural components. The manufacturer
does not make so detailed specifications available and the experimental determination
of the particular parameters would be labour-intensive. Knowing the geometry of the structural
members and the material of which they are made one can build in CAD a spatial solid model
of a given subassembly and generate the parameters needed for a dynamic finite element
analysis.
Table 1 shows the motorcycle specifications which can be found in the manufacturer’s catalogue.
The geometrical dimensions of such components as: the frame, the rocker arm, the engine,
the carburettor, the radiators, the tank, the exhaust system, the rear suspension lever system
and the front telescopic shock absorbers, were assumed on the basis of measurements performed
on the Honda CRF 250 motorcycle. A solid model (fig. 3), comprising most of the major parts, was
created on the basis the geometry of this motorcycle. Only the parts made of plastics, which
are relatively lightweight and would require complicated surface modelling, were not included.
The front and rear wheel model was generated at a later stage of this study, using the Adams Tire
module.
The driver, who can constitute as much as 40% of the whole system weight and has a strong effect
on the performance characteristic of the suspension, is an important element of the vehicle.
A model of the driver with a mass of 70 kg is shown in fig. 4.
TABLE 1: Specifications of Honda CRF 250 2006 motorcycle
Head angle

27.5°

Front and rear suspension travel

315 [mm]

Axle base

14780 [mm]
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Seat height

965 [mm]

Clearance

361 [mm]

Front tyre dimension

80/70-21”

Rear tyre dimensions

100/90-19”

Weight of motorcycle with consumable fluids

105 [kg]

Fig. 3. Motorcycle model created in Inventor environment

Fig. 4. Motorcyclist model created in Inventor environment

4. Creation of simulation model in Adams environment
Solid models of motorcycle subassemblies were imported into the Adams environment. When
the models were assigned appropriate densities, it became possible to determine the masses and
the matrices of moments of inertia and centres of gravity. All the structural members
of the motorcycle are defined as rigid bodies, i.e. their deformations are not taken into account
during operation mechanism simulations.
Figure 5 shows a global coordinate system which will be referred to further in this paper.
Then the kinematic pairs present in the model were defined. In order to simplify the analysis three
degrees of freedom, i.e. translation in direction Z and rotation around the X-axis and the Y-axis,
were removed from the model using the General Motion function. In addition, rotational couple R9,
defining the rotation of the front suspension elements relative to the frame, was locked.
By imposing the constraints the analysis was reduced to a planar system. Figures 5 and 6 show
the motorcycle model with marked symbols of the kinematic pairs. Rotational pair R1 has
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interconnected the front wheel with the front axle and the lower part of the front suspension
telescopes. Translational pair T1 has imposed motion constraints between the front telescopic
suspension members. Pair R4 connects the rear trailing arm with the motorcycle frame. Pair R2
links the rear wheel with the rear arm. Kinematic pair T2 enables the mutual translational motion
of the rear spring-damper element. Rotational pairs R6, R7, R8 link the rear suspension lever
system elements. Pairs R3 and R5 link the rear spring-damper element with the frame and
the lever system.

Fig. 5. Motorcycle model with marked kinematic pairs

Fig. 6. Linkage mechanism of motorcycle rear suspension

When analyzing the mobility of the rear suspension mechanism (members: the frame, the rocker
arm, the lever system and the two parts of the rear shock absorber), one can notice that if this
system (fig. 6) is considered as a spatial system, one gets theoretical mobility (expressed
by equation 1) amounting to -5. This means that the system is overrigid. But when the system
is considered as a planar mechanism (equation 2), the mobility amounts to 1. In order to obtain
a working mechanism using only rotational and translational pairs it was necessary to define them
in one plane.
The theoretical mobility for the spatial rear suspension mechanism system is:
𝑊𝑇 = 6𝑘 − 5𝑝1 = −5
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where:
k – the number of moving links,
p1 – the number of first-class pairs (here the number of rotational and translational pairs).
The theoretical mobility for the planar rear suspension mechanism system is:
𝑊𝑇 = 3𝑘 − 2𝑝1 = 1

(2)

In the next step a driver model (fig. 7) was added to the motorcycle. Using the General Motion
function translation in direction Z and rotation around axes X and Y were removed from the driver’s
trunk. The motorcyclist’s feet were connected via pairs R9 and R10 to the motorcycle footrests.
Spherical pairs S4 and S1 connect the parts of the legs in the place of the knee joint. The trunk
was connected with the legs via Cardan joints HJ1 and HJ3. Pairs HJ2 and HJ4 connect the arms
to the trunk. There are spherical pairs S5 and S2 in the place of the elbow joint. The handlebar grip
was modelled by two spherical pairs S3 and S6, but the possibility of hand rotation in one axis was
locked using functions GM3 and GM4.

Fig. 7. Motorcyclist model with marked kinematic pairs
Owing to this configuration of the kinematic pairs linking the driver’s members the driver assumes a proper
position on the motorcycle and the particular members cannot move uncontrollably (the absence of local
mobility).

119

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

Fig. 8. Animation of motorcycle and driver model in Adams.

5. Tyre model
The tyre/ground contact was modelled using the Adams Tire module Soft-Soil model, which takes
into account the elastic and plastic deformations of the ground. The depth to which the tyre sinks
into the ground depends on the ground model parametrization and the pressure exerted
on the ground by the tyre. The entered geometry of the rear tyre and that of the front tyre were
based on measurements carried out on the real objects. The only difference in comparison to the
real geometry is the absence of the rubber tread blocks situated on the circumference
of motocross tyres, which is because it is impossible to model such a shape. The increased tyre
traction adhesion owing to the tread blocks was taken into account through the choice of proper
parameters for calculating the longitudinal force of the tyre/ground contact.
6. Model of classic suspension members
The elastic members for the front and rear suspension were modelled as preloaded helical springs.
Their parameters are shown in table 3. The given elasticities are based on rigidity measurements
carried out on the Honda CRF 250 suspension members.
TABLE 2: Rated values of spring stiffness and preload
Coefficient of elasticity

Spring preload [N]

[N/m]
Front suspension

3050

210

Rear suspension

51000

250

The real damper characteristic consists of at least two segments, which is connected with plate
valve opening. However, in order to simplify the model the shock absorber characteristic was
assumed as viscous, with different damping coefficients for respectively the compression phase
and the rebound phase of the shock absorber. The numerical values of the damping coefficients
were taken from [2], where a similar motorcycle damper was tested.
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TABLE 3: Rated damping coefficients
Damping coefficient during

Damping coefficient during

compression [Ns^2/m]

rebound [Ns^2/m]

Front suspension

1250

800

Rear suspension

6400

5100

For simulations it was necessary to determine the maximum and minimum damping coefficient
settings in order to check the performance characteristics in extreme cases. The maximum and
minimum values are presented in table 5.
TABLE 4: Maximum and minimum damping coefficients
Damping coefficient during

Damping coefficient during

compression [Ns^2/m]

rebound [Ns^2/m]

Front suspension
minimum settings

420

270

Front suspension
maximum settings

1875

1200

Rear suspension
minimum settings

2130

1700

Rear suspension
maximum settings

9600

7650

7. Model of controllable damper
As a controllable damping element a damper with a magnetorheological fluid was chosen.
The characteristics of this damper were based on research [7] and [8].
Magnetorheological dampers are characterized by hysteresis. In order to simplify the model this is
disregarded and only the static characteristics are adopted. But one cannot neglect the dynamics
of the phenomenon connected with damper overloading. The lag in the appearance
of the expected damping force since the command signal is fed stems from the dynamics of the
electrical system and the mechanical system.
The static characteristics for the front and rear suspension systems are shown in figs 9-13.
An analysis of the diagrams shows that the characteristics consist of two segments for velocities
below and above Vo, respectively. The damping force for the compression and rebound phases
is described by relation 3 and 4. The damper control dynamics were modelled by a first-order
inertial element. According to the LORD corporation, which is the leading supplier of products
using magnetorheological fluids, the time needed to overload a damper amounts to about 10 [ms].
Such an inertial element time constant was selected that the setting time amounted to 10 [ms].
After 10 [ms] the error should amount to less than 5% of the set value.
Variable cin in equations 3 and 4 represents the current signal fed to the coil to generate
a magnetic field changing the fluid’s properties. The exact dependence between the coil current
and the damping characteristic is not considered here. The signal required to obtain the desired
damping characteristic was assumed to be known. The lag due to coil inductance is taken
into account in the time constant of the inertial element.
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𝐹𝑑 𝑟𝑒 𝑡, 𝑥 𝑡

𝑐𝑟𝑒 𝑡
𝑉𝑜

=

𝑥 𝑡 𝑖𝑓 𝑉 < 𝑉𝑜

𝑎𝑟𝑒 𝑥 𝑡 + 𝑐𝑟𝑒 𝑡 − 𝑎𝑟𝑒 𝑉𝑜 𝑖𝑓 𝑉 ≥ 𝑉𝑜

(3)

𝑐𝑟𝑒 𝑡 = −𝛽𝑐𝑟𝑒 𝑡 + 𝛽𝑐𝑖𝑛 𝑡 − 𝜏 , 𝑐𝑖𝑛 ∈< 𝑐𝑖𝑛 _𝑟𝑒 _𝑚𝑖𝑛 , 𝑐𝑖𝑛 _𝑟𝑒 _𝑚𝑎𝑥 >
where:
Vo – the velocity in the characteristic point,
cin – the command signal,
cre – the damping force at velocity Vo ,
are – the straight line slope coefficient for V ≥ Vo ,
τ – a constant lag due to data processing by the control unit.
𝑐𝑐𝑜𝑚𝑝 𝑡

𝐹𝑑 𝑐𝑜𝑚𝑝 𝑡, 𝑥 𝑡

𝑉𝑜

=

𝑥 𝑡 𝑖𝑓 𝑉 > 𝑉𝑜

𝑎𝑟𝑒 𝑥 𝑡 − 𝑐𝑐𝑜𝑚𝑝 𝑡 + 𝑎𝑐𝑜𝑚𝑝 𝑉𝑜 𝑖𝑓 𝑉 ≥ 𝑉𝑜

𝑐𝑐𝑜𝑚𝑝 𝑡 = −𝛽𝑐𝑐𝑜𝑚𝑝 𝑡 + 𝛽𝑐𝑖𝑛 𝑡 − 𝜏 , 𝑐𝑖𝑛 ∈< 𝑐𝑖𝑛 𝑐𝑜𝑚𝑝

(4)

𝑚𝑖𝑛 , 𝑐𝑖𝑛 𝑐𝑜𝑚𝑝 𝑚𝑎𝑥

>

where:
Vo – the velocity in the characteristic point,
cin – the command signal,
ccomp – the damping force at velocity Vo ,
acomp – the straight line coefficient for V ≥ Vo .
TABLE 5: Parameters of damper characteristics

Front
shock
absorber
s
Rear
shock
absorber

𝐕𝐨
[m/s]

𝐚𝐜𝐨𝐦𝐩

𝐚𝐫𝐞

𝐜𝐢𝐧_𝐫𝐞_𝐦𝐢𝐧

𝐜𝐢𝐧_𝐫𝐞_𝐦𝐚𝐱

𝐜𝐢𝐧_𝐜𝐨𝐦𝐩_𝐦𝐢𝐧

𝐜𝐢𝐧_𝐜𝐨𝐦𝐩_𝐦𝐚𝐱

𝛃

𝛕
[s]

0,05

650

400

20

200

25

320

35
0

0.00
1

2800

220
0

100

750

120

850

35
0

0.00
1

0,015

400
350
300
250

F [N]

F_RE_MIN

200

F_RE_NOM

150

F_RE_MAX

100
50
0
0

0.1

0.2
V [m/s]

0.3

0.4

Fig. 9. Ideal characteristics of magnetorheological damper for front suspension rebound velocity
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Fig. 10. Ideal characteristics of magnetorheological damper for front suspension compression velocity
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Fig. 11. Ideal characteristics of magnetorheological damper for rear suspension rebound velocity.
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Fig. 12. Ideal characteristics of magnetorheological damper for rear suspension compression velocity

8. System of model control
Riding a motocross motorcycle poses different challenges than riding a road motorcycle.
The ground on which the motorcycle moves is bumpy and its properties vary and there are various
obstacles on the way. Consequently, the driver must continuously change his/her position
and predict the behaviour of the motorcycle in response to a particular obstacle. The principal
driver position on the motorcycle is the standing position. Owing to this position the driver can
actively respond to the approaching obstacles and the vehicle has greater freedom of movement .
An example of this position is shown in fig. 13.
In the standing position the driver body should be so positioned that the centre of gravity is over
the motorcycle footrests. Thanks to this position the arms are relieved, whereby the throttle twist
grip and the brake and clutch levers can be better handled.

Fig. 13. Standing position on motorcycle [1].
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A very important element actively acting on the motorcycle is its driver. The shifts of the motorcycle
body are not directly transferred to the competitor’s trunk since he/she can compensate for them
by bending his/her legs and arms.
In order to map the interactions between the competitor’s body and the motorcycle a system
controlling the competitor’s body was designed. Because of the highly complex kinematic structure
of the human body and the forces and turning moments generated by the muscles the system was
simplified to three drives generating two forces and one torque. Thanks to the forces one can
obtain the desired kinematic configuration of the driver’s body. Although the drives do not fully
reproduce the forces occurring in the driver’s particular kinematic pairs, they correctly represent
his/her responses to the excitations from the motorcycle body.
Figure 14 shows the points of application of the forces and torques in the system. Force FX
represents the force generated by the driver’s arms between his/her trunk and the motorcycle
handlebars. This force makes it possible to adopt the assigned position along the X-axis.
The generation of force FY enables the motorcyclist to keep a proper distance from the footrests
along the Y-axis. The MAPLHA drive generates a torque between the driver’s trunk and his/her
thighs, which imparts a proper inclination to his/her body.

Fig. 14. Drives occurring in motorcyclist model

Three PI-PI controllers with a cascade structure (fig. 14) were designed to control forces FX, FY and
MAPLHA, where signal:
 y is the difference between locations of markers M4 and M5 along the Y-axis of the global coordinate
system,
 x is the difference between locations of markers M1 and M5 along the X-axis of the global coordinate
system,


α is the absolute value of the inclination of marker M1 relative to the global coordinate system.
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Fig. 15. Block diagram of driver model control system

Table 6 contains controller settings based on the simulation of motorcycle free fall from the height
of 1.3 [m].
TABLE 6: Settings of PI controllers of driver model control system

PI x
PI

𝐊𝐏

𝐊𝐈

5

1

𝒅𝒙
𝒅𝒕

PI y

620

200

12

2

𝒅𝒕

220

10

PI α

3.3

0.5

2

1

PI

PI

𝒅𝒚

𝒅𝛂
𝒅𝒕

9. Excitation signals in system
A wide range of studies are needed to develop such a complex model. The kinematic excitations
of the front or rear wheel along the Y-axis are the object of the principal study of the suspension
system.
The kinematic excitation was realized by creating two instances of a road type object, linking them
with a front wheel object and a rear wheel object and imparting motion along the vector of the Yaxis by means of the General Motion function. Thanks to this one can apply independent
excitations to the front wheel and the rear wheel. The General Motion function enables one to set
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the motion of a given element via a function set by the user. Exemplary kinematic excitations in
the system are shown in fig. 16.

Fig. 16. Kinematic excitations in system.

The Adams environment also makes it possible to give road type objects a profile representing
bumps on the road. By applying a drive in the form of torque to the wheels driving a vehicle the
latter can be accelerated to a set speed and one can study the behaviour of this vehicle driving
on the set routes.
10. Preliminary studies of model
In order to verify the created model a simulation of the free fall of the motorcycle with the driver
from the height of 1.3 [m] was run. This test will make it possible to check the operation of
the driver model control system. Also the choice of the spring stiffnesses and the damping
parameters will be verified.
Figure 17 shows the position of the driver at the instant of free fall and maximum suspension
compression.

Fig. 17. Animation frames showing driver position and motorcycle configuration at instant when wheels lost
contact with ground and at instant of maximum suspension compression.

The diagrams in fig. 18 show that the driver model controllers work correctly in the given range
of excitations. First the driver’s legs bend and subsequently the trunk inclination angle increases.
Figure 19 shows a graph of the acceleration acting on the driver. At its peak the acceleration
amounts to about 4.5 g, where 1 g is the vertical component of the overload of the driver’s body
being at rest or in steady motion on the surface of the Earth.
127

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

Driver’s legs bending (distance between marker M4 and M6 along axis y

Driver’s trunk inclination angle

Fig. 18. Graphs of motorcyclist’s trunk inclination angle and legs bending

Acceleration

Acceleration acting on motorcyclist along Y-axis

Fig. 19. Graph of acceleration acting on driver’s trunk in point M1

Figure 20 shows graphs of front and rear suspension compression. The measurement would
be made along axis y between the markers of the wheel centres and the motorcycle body
elements. The curves can be used to verify the choice of parameters for the elastic elements.
When the coefficient of elasticity and the spring preload are properly matched, the static
compression of the front and rear suspension under the driver load should range from 0.095
to 0.0115 [m]. The compression amounted to 0.0107 [m] and 0.011 [m] for the rear suspension
and the front suspension, respectively.
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Fig. 20. Compression-time graph for front and rear suspension. (Graph of front and rear suspension
compression, Suspension compression, Front suspension, Rear suspension)

By analyzing the forces carried by the motorcycle tyres in the steady state one can verify the mass
of the whole vehicle. Its total weight amounts to 1750 [N]. If the driver’s weight, amounting to 72 kg,
is deducted, the motorcycle weight amounts to 106 kg. This value is close to the one specified
by the manufacturer of the Honda CRF 250 motorcycle.

Graphs of force on front and rear tyres

Force [N]

Front tyre
Rear tyre

Fig. 21. Force carried by front and rear tyres

11. Conclusion
This is the second paper in a series of papers devoted to problems relating to the control
of the semiactive suspension of the off-road motorcycle. The successive stages in the building
of a spatial solid model of the given motorcycle subassembly, including the driver, and the
verification of the model through simulations were described. Using the model one will be able
to generate the parameters needed for the dynamic analysis of vehicle behaviour under various
excitations. As a result it will be possible to select suspension parameters optimal for a given track.
The next paper will present and discuss the results of simulation studies.
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HYDRAULICALLY DRIVEN ASSAULT DOUBLE RAMP
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Abstract: The paper presents a mechanical-hydraulic mobile equipment developed by INOE 2000IHP at the request of the "Romanian Gendarmerie" for staff to access the upper floors of buildings,
balconies, terraces, etc. in the context of specific measures and interventions to ensure public
order, saving human lives, anti-terrorism, etc. The assault ramp is mounted on a truck platform and
it has a hydraulic power source, using an auxiliary thermal engine to drive hydraulic pumps.
Keywords: Mobile assault ramp, operative intervention, hydraulic drive, hydraulic installation,
extensible ramp.
1. Introduction
A special situation in the work of special intervention forces occurs when rapid intervention is
necessary, by entering into buildings from the outside, from the lower floors, activity that requires
specialized equipment, which must operate in total safety for the staff involved.
The article presents such equipment, developed at the request of the Romanian Gendarmerie,
under the name "mobile telescopic hydraulic ramp" for access inside buildings, up to a maximum
height of 10 m.
Hydraulics and Pneumatics Research Institute in Bucharest has designed, developed and tested a
physical prototype for a portable double ramp, hydraulically actuated, from an independent
generator of hydraulic energy.
Equipment of this type is used in other countries in Europe, with different characteristics. The
product developed by IHP shows superior performance to most such equipment by access height
and maximum axle loads.
Currently there is no national manufacturer to produce such equipment in series, although the
project has proven to be feasible. Prototype equipment has been approved and is now equipping
the Romanian Gendarmerie.
2. Requirements imposed on the equipment
2.1. Equipment “assault double ramp hydraulically driven" mounted on a vehicle with bodywork by
truck.
2.2. Equipment must contain:
a. clamping system on the vehicle chassis;
b. system for providing access from the ground, to the fixed waiting platform;
c. fixed waiting platform for idle time, for the intervention group, firmly mounted on the vehicle;
d. two individual access ramps, parallel to the longitudinal axis of the vehicle, orientated toward the
cabin, and they:
• are swung in vertical plane through hydraulic drive and feature separate control;
• consist of two overlapping, interconnected sections, with the possibility of hydraulic
extending lengthwise;
• present the possibility of locking in any position with insurance;
• have adequate bumpers and support type "handrail" interchangeable, extended along the
entire length of the ramp, located on one side (left or right);
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• at the top and on the sides of the ramps free, have provided elements for indexing and
supporting portable ladders.
e. foldable platforms, arranged at the ends of the two hydraulic ramps, to ensure a horizontal
approach to the entering into the building;
f. two portable stairs to climb, set out at one end with wrenching "hook";
g. independent hydraulic unit for ramps;
h. panel for control and monitoring of hydraulic ramps, remote operable by a single person.
3. Technical characteristics
Main features and technical and operational performances of the ensemble hydraulic ladder (ramp)
to access the heights are:
● maximum height of ramps: ... ... ... ... ... ... ... … … ..... ... ... ... ... ... ... ... ... ... ... ... ... ... . 10 m;
● maximum angle of inclination: ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. .. .. 37ͦ ;
● maximum permissible load on the upper foldable deck:.. ... ... ... ... ... ... ... ... ... .. .. .. 300 kg;
● maximum permissible load uniformly distributed on the access ramps: ... .... ... ... .. .. 1500 kg;
● payload/length of the portable scale of ascension ... ... ... ... ... ... ... ... ... .. min. 300 kg/2.5 m;
● hydraulic ladders (ramps) weight: … … ... ... ... ... ... ... ... ... ... ... ... ... ... ... .... ... ... ... 5000 kg:
● maximum height of the vehicle + hydraulic ladder (ramp) will not exceed 4.0 m, in accordance
with the legal maximum value of 4 m for circulation on public roads.
4. Description of equipment and components
The equipment has been designed as a modular assembly mounted on truck carrier.
The physical structure of the product is highlighted in Fig. 1.

a)
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b)

c.
Fig. 1. Mobile telescopic ramp

4.1. Extensible ramp
The extensible ramp is a platform on which operating personnel moves from the waiting ramp at
intervention place to max 10 m height above the ground. In figure 2a there can be seen the
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concept of the ramp; the machine has two ramps, which can be operated independently or
concurrently, as seen in the physical realization, Figure 2b.

b)

a)
Fig. 2. Extensible ramp

Extendable ramp components:
1. Basic section
2. Extensible (or mobile) section
3. Foldable platform
4. Folding mechanism
5. Lateral handrail
Inside the base section there is mounted a hydraulic cylinder with long stroke which, having fixed
body on the basic section and rod hinged to the extensible section produces telescoping ramp. It
should also be noticed the existence of guard rails on one side, which is also extensible.
With these main subassemblies all necessary functions are performed.
4.2. The lifting mechanism
The lifting mechanism ensures the positioning at different heights of the end of the extendable
ramp through inclination at an angle of maximum 37 degrees.[1] The lifting mechanism, as shown
in Figure 3a as a project and as a physical realization in Figure 3b, has in its structure the following
components:
1. bendingarm;
2. stretching arms;
3. hydraulic cylinder.

a)

b)
Fig. 3. Lifting mechanism

Stretching arm length is adjustable by a screw threaded left / right to take over the inevitable
execution processing errors in long lengths.
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4.3. Support frame
Support frame is a welded structure made of rectangular profiles, fixed with screws and nuts to the
truck chassis beams, as shown in Figure 4a (project) and in Figure 4b (physical development).

b)

a)
Fig. 4.

On the supporting frame there are fixed tilting joints of the ramp and extensible arms’ joints, also
the hydraulic cylinder. On this frame the waiting platform is fixed, too.
4.4. Platform of waiting
It is a welded structure of rectangular profiles which are placed on the base frame.
On the sides of the ramp are fixed folding "handrail".
Access ladder is expandable and collapsible. In the transport position the ladder is folded and fixed
under the waiting platform, in vertical position. In the working/ operative position, the ladder flips up
at an angle and extends to the ground.
4.5. Hydraulic drive system
Hydraulic installation diagram is shown in Fig. 5.
The hydraulic system is designed to drive the cylinders of the two mechanisms of the equipment,
namely lifting mechanism cylinder and the cylinder of the extensible ramp. [2]
The power source is independent of the carrying vehicle, namely an internal combustion engine of
14 hp at 3600 rev / min (with gasoline).
Technical characteristics of the hydraulic system are:
● Power supplied by the heat engine: 7.5 kW.
● Flow provided by the pump speed of 2500 rev / min:
● Pump 1 = 21 l / min
● Pump 2 = 26 l / min
● Maximum pressure for platform lifting (pump 1) = 120 bar.
● Maximum pressure for ladder expansion (pump 2) = 37 bar.
● Volume required = 150 litres of hydraulic oil.
● Lifting time for a single platform = 30 sec.
● Lifting time for both platforms simultaneously = 60 sec.
● Extension time for a single ladder = 30 sec.
● Extension time of both scales simultaneously = 60 sec.
● Maximum pressure in the cylinder for lifting platform loaded with intervention personnel =
200 bar.
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Fig. 5. The hydraulic drive diagram

The hydraulic system consists of the following parts:
● Moto-hydraulic pump
● Reservoir with hydraulic manifolds
● Hydraulic cylinders
● Connectors and connecting pipes
4.5.1. Hydraulic motor pump
This equipment consists of a heat engine and a double hydraulic gear pump.
The engine is a gasoline engine, single cylinder, 14hp at 3600 rpm, which in this application we
use at the speed of 2500 rev / min. At this speed the engine has an output of 7.5 kW, sufficient to
achieve the intended hydraulic actuation.
The double hydraulic pump is a gear pump type, having the displacement of 8.4 cm3 / rev (first
pump), and respectively 10.8 cm3 / rev (second pump).
Maximum pressure that the pump can provide is 260 bar continuous or 300 bar peak pressure.
Minimum operating rotational speed of this pump is 700 rev / min and the maximum is 3500 rev /
min.
4.5.2. The reservoir with hydraulic manifolds
The oil tank has dimensions of 810/604/560 mm and has a maximum volume of 210 litres, but for
the operation of the hydraulic system it requires only 150 litres of oil.
On tank cap there was mounted a return line filter, with a maximum capacity of 100 l / min and
filtration fineness of 10 micrometres, and a filling and breathing filter with fineness of 10
micrometres.
Also on this cap are located two blocks containing hydraulic distribution and control equipment for
each of four cylinders operate, namely:
Lifting hydraulic block, which ensures lift-descent control for the corresponding hydraulic cylinders
of the two platforms, consists of a plate with three connections for DN6 hydraulic apparatus, and is
supplied with flow from the hydraulic pump with capacity of 8.4 cm3 / rev. In the middle connection
there is mounted the pressure control group consisting of a pressure valve and a discharge valve.
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This group provides pressure-free operation of the pump in case of absence of control to move the
cylinders driven by this block, and limits the maximum pressure when there is control to move the
cylinders.
On the other two connections there is mounted distribution and control apparatus for operating the
lifting cylinders of the two platforms. [3]
Each distribution group has a directional control valve DN6 size, electrical operated at 24 VDC,
which controls raising or lowering hydraulic cylinder, one double throttle to adjust the flows and
controlled by one valve cylinder brake that ensures smooth descent of the ramp, without shocks.
The hydraulic block translational provides expansion-retreat order for hydraulic cylinders that of the
two platforms. It is powered by a hydraulic pump with displacement of 10.4 cm3 / rev.
Its development is identical with the hydraulic block used for lift, with the exception of the hydraulic
valves which control the expansion-withdrawal. In this hydraulic block were selected hydraulic
valves whose distribution scheme realizes the differential supply of the hydraulic cylinders.
By choosing this kind of supply for the same travel speed of the rolls was reduced to operate half
the required flow from the pump. By choosing this kind of supply for the same travel speed of the
rolls it was reduced to half the required flow from the pump. In this way were reduced the flow
which throughput the distribution group and control apparatus and was able to achieve this group
all appliances DN6. [4]
4.5.3. Hydraulic cylinders
For driving the lifting-lowering mechanism, they are provided for each platform one cylinder Ø125 /
Ø90 x 860. Each cylinder was mounted a dual unlockable valve, locking their farm without an order
received from the distributor command. Lock of the cylinder remains fixed and if the equipment is
destroyed during the intervention or is destroyed any of the connecting hoses.
Actuating mechanism for extending and withdrawing the ladder are provided for each platform one
cylinder Ø80 / Ø60 x 4500. And these cylinders were fitted with one double unlockable valve and
thus making their latching and protection function in case of destruction mechanism connecting
hoses.
4.5.4. Pipe and connecting pipes
The suction routes of the hydraulic connections are made with elastic ties (rubber hose) between
isolation valves on the hydraulic tank and the suction holes of hydraulic pumps with the nominal
diameter of 25 mm. This provides a maximum speed of the hydraulic fluid of 1 m / s.
The return circuit is achieved with Ermeto fittings and calibrated pipe Ø22x1, which provides a
maximum speed of the oil in the inlet pipe of the return filter of 5.3 m / sec.
Supply circuits cylinder lifting-lowering mechanisms are made with high-pressure hydraulic hoses
with DN 13. The maximum speed of the oil on these circuits is 6 m / sec.
Supply circuits of the cylinders for expansion-retreat mechanisms are made with calibrated pipe
and fittings EMETO type Ø18x1.5. The maximum speed of the oil on these circuits is 5.5 m / sec.
Supply circuits of the cylinders for lifting-lowering mechanisms are made with high-pressure
hydraulic hoses with DN13. The maximum speed of the oil on these circuits is 6 m / sec.
Supply circuits of the cylinders for expansion-retreat mechanisms are made with ERMETO fittings
and calibrated pipe Ø18x1.5. The maximum speed of the oil on these circuits is 5.5 m / sec.
Supply circuits for hydraulic power blocks (from the discharge holes of hydraulic pumps to the entry
into hydraulic blocks) are made with high-pressure hydraulic hoses DN 13. The maximum speed of
oil on these circuits is 3.3 m / sec.
Figure 6 presents some images of the hydraulic system.
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b) Hydraulic lifting block
a) Hydraulic system

Fig. 6. Hydraulic system actuation

4.6. Electric installation
Electric control system used for the assault ramp is composed of an electrical cabinet and an
operating console. The device is powered by 24 VDC voltage on board the special vehicle through
a fuse protection.

Fig. 7. The electrical installation
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Fig. 8. a) The electrical cabinet and the operating console

Fig. 8. b) Inside the electrical cabinet

The electrical cabinet contains a mini electric PLC TWDLCDA24DRF type produced by Schneider
Electric, which has 24 available I / O of which 10 relay outputs. Electrical cabinet cover is a
mushroom button for emergency stop.
The operation panel contains four push-buttons with LED confirmation for driving the hydraulic
cylinders of the two platforms, a switch button for selecting the platform and one mushroom
ordered to stop in an emergency.
Logic control system will be via the PLC, which will have implemented running software.
5. Testing and verification
Following completion of the equipment, according to the technical specification, it has been
subjected to two types of checks, namely:
5.1. Functional checks and adjustments
Checking operation in execution (figure 9 a, b and c) consisted of functional verification, by
creating torques / strokes required and adjusting the operating parameters in accordance with
technical and test documentation. Functional testing was conducted without load and also with
load, in accordance with the technical documentation.

a)

b)
Fig. 9. Checking at the producer
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5.2. Operational checks at the beneficiary
Checks at the beneficiary, Figure 10 a and b, consisted in the actual realization of all commands
and specific movements in order to comply with the specific procedures of operational testing with
specialized trained staff, and in particular the verification of the maximum height of 10 m.

b)

a)

Fig. 10. Testing the platform at the beneficiary with specialized staff

6. Conclusion
The article is presenting the prototype of mobile telescopic hydraulic ramp designed and built by
INOE 2000 - IHP. Hydraulic ramp is mounted on a common chassis truck, provided by the
beneficiary, the Romanian Gendarmerie. One of the conditions of operation, imposed by the
special nature of the product, was to have a hydraulic power source, independent of the vehicle on
which it is installed; this condition was met by operating the hydraulic pumps by an internal
combustion engine.
Tests carried out have validated the proposed drive solutions.
Finally, furthermore it should be concluded that:
- Prototype has demonstrated technical performance for which it was designed;
- Tests carried out have validated the constructive solutions proposed;
- After carrying out the tests, the prototype has been approved;
- The equipment can go into series production.
The product designed and developed by Hydraulics and Pneumatics Research Institute (INOE
2000 - IHP) is a novel one on national level, as this product has not been developed by the entities
of research and development or production units and it has not been manufactured so far in
Romania.
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Abstract: The paper present a study concerning optimization of water flow capture for micro-hydro
power plants in order to increase the energy production. This optimization should be made by
keeping a constant flow though the fish ladder.
Keywords: Micro-hydro power plant, winter intake, energy efficiency, hydraulic turbine, fish ladder
flow.
1. Introduction
Currently the water intake from the micro-hydro power plans capture water in two ways, namely, in
summer through a surface grill and in winter by "winter intake", which is immersed in water below
freezing level. The water flow captured for energy production is influenced by the fish ladder flow,
which should ensure a minimum servitude flow, downstream for fish migration.
The latter may vary depending on the water level in the lake formed upstream of the water intake in
the following way, the higher the water level the higher will be the fish ladder flow. This additional
volume of water could be used to produce even more electricity.
This paper aims to maintain a constant minimum servitude flow, by installing measurement and
control devices on the fish ladder channel and winter intake gate, in order to capture the flow
difference and use it for increasing of the electricity production.
All these optimizations should be compliant to the Water Law no. 107/1996 included the later
additions and modifications, referring to the servitude flow, which is defined as the minimum flow
required to be permanently left in a section on a watercourse, downstream of water intake,
consisting of minimum sanitary discharge and flow of canal water users, namely ensuring the
natural conditions of life of the existing aquatic ecosystems.
It is known that "the flow of servitude" is provided downstream of the water intakes by the fish
ladder slit. It is fixed and is not equipped with gates or other flow control equipment, it can vary
depending on the water level in the lake formed upstream of the water intake, or river flow rate[1].
As previously discussed, the aim of this study is to keep a minimum and constant servitude flow by
installing an automatized system to the winter intake, and with this system to keep a constant flow
though the fish ladder[2]. This will close/open based on the information received from flow sensor
installed on the fish ladder channel in order to realize this desideratum. This experiment will be
realized on the micro-hydro power plant from Valea Racatau, Cluj County, which has an installed
power of 1.6 MW, equipped with a Pelton turbine[3] with 6 injectors and difference level of 123 m.
The water intake is margin Tyrolian intake type. The main water intake components are:
Weir flap - serves to discharge flood flow when the flap is lowered. Another role is to
sustain the water level in the lake, when the hydro power plant is in function.
The metallic gates from the intake, are mobile. These mobile gates control and adjust the
water level from the lake, and the water flow which is captured in the intake. The gates are
equipped with sensors. In case of big flows, the gates open, and permit the water excess to flow
over the weir flap.
Washer field – it was designed to evacuate the river deposits from the lake.
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The catchment front – is a part of the desander, is the superior part of the catchment, with
40 cm under the water level from the lake. Is provided with a horizontal metallic grill, who prevent
entry of dirt in desander.
The desander - is a construction which is resembles with a concrete tank, and the role is to
decant the small particles from the water.
Loading chamber – is situated in lateral of the desander. Between loading chamber and
desander there is a second metallic grill (vertical), to retain the floats from the desander. Another
role is to ensure and keep fill with water the adduction pipe, which connect the intake with the
powerhouse. The loading room is fitted with level sensors, to command the operation of the hydro
systems.
At the moment, the winter water intake hasn’t an automatic opening / closing system, but it will be
manually operated for the present study.

Fig. 1. 3D representation of the water intake from HPP Valea Racatau[4]

2. Experimental procedure
In order to increase the power production while keeping the minimum and constant servitude flow
following tests were performed:
We monitor the power produced as a function different openings of the winter water intake gate,
starting from fully closed, fully opened and two others intermediary positions (1/3 and 2/3 opening).
After each of above steps the HPP need a time to accommodate the changes in the flow and to
stabilize the electricity production. During the study (when the winter water intake gate was
operated) the fish ladder flow was monitored so that it will not decrease under the minimum
imposed value.
3. Results and discussions
At the beginning the power production was monitored for two hours with the winter water intake
fully closed in order to see the production fluctuations. A rather constant value of about 415 kW
was observed (see fig. 1). The next step was to fully open the gate from the winter intake and
sudden increase of the instantaneous production was observed (around 660kW). This operation
generated a substantial increase of the water turbine flow. When detecting a larger volume of
water the level sensors from the loading chamber and desander, command to increase the flow of
the injectors of hydraulic turbine. This leads to an increased power production (according to the
plant's automated process).
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Fig. 2. Produced mean power variation as a function of winter water gate opening degree

After the process was stabilized the mean power produced was 455kW. This represents an
increase of about 10% compared to the gate fully closed.
Further we monitored the changes in the mean power production for different opening degrees of
the winter gate (1/3 and 2/3 opening). The mean values, after process stabilization, were 432kW
and 423kW for 1/3 and 2/3 opening degree, respectively.
A general view of the instantaneous produced power is illustrated in the figure 3.

Fig. 3. Instantaneous power variation during the study

For the whole period the studies fish ladder flow was monitored. As it can be seen in the figure 4 its
value did not decrease below the minimum imposed value of 0.203 mc/s. Nevertheless with the
gate fully open the flow value recorded was very closed to minimal legal one. It is possible that for
diffret river flows the fully opening of the gate to be not possible. This is why an automatized
system that controls the winter gate (correlated with the flow sensor from the fish ladder) is
suggested.
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Fig. 4. Variation of the servitude flow during the study

4. Conclusions
The present study shows the influence of the winter gate opening degree on the produced power
of HPP. The increase was about 10% with the gate fully opened compared to the value with the
gate fully closed.
We intend to repeat the measurements at different flow rates of the river to see if the production
increased by opening the winter intake gate is dependent on this.
The process can be automatized in order to have a minimum constant servitude flow rate, so that
all the difference river flow rate is converted to energy.
During the study the fish ladder flow didn’t decrease below the minimum imposed value even with
the winter intake gate fully opened. This suggests the possibility to relocate the fish ladder whole
position so that the power production can increase even more and still keeping this minimum flow
rate.
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Abstract: In this paper is to develop an idea of pneumatic propulsion/driving system as a
demonstrator, which should use the results of fundamental research in recent years in the field of
pneutronic systems, by means of which there can be driven over short distances a light nonpolluting vehicle, starting from the concept of Sustainable transport systems having a beneficial
contribution to the social, economic and ecological sustainability of communities that they serve.
The aim of this paper is to presents a demonstration model of a pneumatic driving ensemble for
light non-polluting vehicles (bicycle, tricycle or scooter), to diminish the intense urban traffic
pollution. The demonstration model will be developed in a functional variant able to operate on a
light vehicle (bicycle, tricycle or scooter), over short distances, lessening the mechanical effort
made by the user, thereby enabling a leisure time during travel, without stopping the vehicle. This
idea consists of a pneumatic propulsion system comprising a compressed air reservoir, a
pneumatic block containing the drive and control elements, and a pneumatic motor which will drive
the light vehicle when the user wants so, giving him/her a power bonus of at least 10% of the
energy invested.
The idea is justifiable in practice by concern of mankind related to environment preservation
through a package of measures to be taken in order to prevent and eliminate pollution, mitigate its
effects on the environment by using the most appropriate clean technologies, by actions that limit
the damaging effects of natural phenomena.
Keywords: Pneumatic hybrid, Air hybrid, new hybrids, Zero pollution hybrid
1. Introduction
An extremely important and acute concern of mankind in recent years is directed on environmental
and living issues, since Earth is a very rich repository of natural resources which make possible the
existence of life. Environment preservation is a set of measures to be taken to prevent and
eliminate pollution, mitigate its effects on the environment by using the most appropriate clean
technologies, by actions that limit the damaging effects of natural phenomena. Nowadays, cities
are designed for vehicles, and pedestrians are usually forgotten in the mobility system. The 6th
Environment Action Programme, “Environment 2010: Our future, our choice”, includes
Environment and Health as one of the 4 priority-action areas, for which further efforts are required.
Air pollution is one of the highest priority issues, the objective being “to achieve that level of air
quality which does not generate impact and unacceptable risks to human health and the
environment”. Creating eco-friendly transport systems could become an alternative for transport in
large urban areas, and promoting them among population through raising awareness is a must.
According to a study of the European Environment Agency, over the period 1990-2012, global
emissions of carbon dioxide have increased by 27%, from 20.463 to 26.079 million tons. Energy
demand in the transport sector – a global indicator for emissions from transport – has increased by
37% over the same period.
Emissions of pollutants from motor vehicles present two major features: first of all, exhaust takes
place very close to the ground, leading to high concentrations at very low heights, even for lowdensity gases, highly diffusible into the atmosphere. Secondly, emissions are across the entire
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locality, differences in concentration depending on the volume of traffic and possibilities for
ventilation of the street.
If worldwide this concern has led to the development of concepts and models of light vehicles on
compressed air of 0% pollution level, with the possibility to develop them and introduce them into
production for widespread use, in Romania there have been timid attempts, through doctoral
theses and at academic level, through projects developed for the study of phenomena. In countries
such as India, Brazil and the US significant amounts were spent to develop light transport vehicles
that do not pollute and have autonomy in traffic. In Romania, the field of "air quality" is regulated
by Law no. 104/15.06.2011 on ambient air quality published in the Romanian Official Gazette, Part
I, no.452 of June 28, 2011. This law has transposed into national legislation the provisions
of Directive 2008/50/CE of the European Parliament and the Council, of May 21, 2008, on ambient
air quality and cleaner air for Europe published in the Official Journal of the European Union
(JOUE) no. L 152 of June 11, 2008 and Directive 2004/107/CE of the European Parliament and the
Council, of December 15, 2004, on arsenic, cadmium, mercury, nickel, polycyclic aromatic
hydrocarbons in ambient air published in the Official Journal of the European Communities
(JOCE) no. L 23, of January 25, 2005.
2. State-of-the-art in the country and internationally concerning pneumatic propulsion
systems for light vehicles
In our country there is no manufacturing of pneumatic vehicles. Nationally there are student
projects [1] for the development of pneumatic propulsion vehicles, PhD thesis [2] in the field for the
development of hybrid vehicles at Transilvania University of Brasov, and small-scale achievements
of various pneumatic braking equipment for various vehicles.
Internationally there are achievements at project level as well and unique embodiments of light
vehicles proposed by groups of researchers from prestigious universities in the US, Brazil, India,
Australia. There is speculation that there are such pneumatic propulsion systems in high-profile
cycling races, the so called technological doping, which however failed to be detected as
compressed air once "liberated" can no longer be "found". Further within there will be presented
several solutions available worldwide which may be considered as the basis of the concept of
pneumatic propeller.

Fig. 1. [3]

Fig. 2. [4]

The solution proposed in Fig. 1 is only at the concept stage, no embodiment; here a pneumatic
system replaces the chain. With every crank of the pedals, compressed air is pushed through the
chain stays, which then turns the rear wheel, similar to the cannonade jack knife concept.
However, one main difference in this concept (other than the pneumatic/hydraulic difference) is
that when the rider is coasting downhill the bike will store up air inside the main chamber of the
frame through a flywheel system. This also acts as an air brake and the stored compressed air can
be released while pedaling uphill as an added boost (not meant for long propulsions or to replace
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actually pedaling). The frame of the bike can be manufactured through a process called super
forming, which is essentially vacuum forming metal that is heated to very high temperatures, the
tubing of the bike can be made lighter and completely air tight. A human can put out between a
10th to 1 horsepower. This means the frame could refill the air compression in 10-15 minutes
through coasting or pedaling [3]. Figure 2 presents the basic concept behind this project idea, i.e.
Compressed Air Vehicle (CAV). This is a mini project suitable for Diploma Students but if further
modification is done then could be possible to make this idea more beneficial and useful. [4].
Another interesting solution is proposed by one of the largest companies in the field of Pneumatics,
Festo company, and it is presented in Figure 3. The solution was showcased at the Hannover Fair
in Germany in 2005, where Festo unveiled an odd-looking pneumatic motor based on its "fluidic
muscle" technology. The new "muscle motor" is a slow-turning, high-torque machine, which is said
to have several potential advantages over conventional motors based on pistons or cylinders.

Fig. 3. [5]

3. Presentation of the concept of technology / product
For Romania developing this light vehicle with pneumatic propeller is an absolute novelty. There
were interesting attempts and even achievements, especially theoretical ones, but only for the
propulsion of hybrid pneumo-hydraulic cars, presented as a PhD theses, and also at the level of
pneumatic braking equipment, or the level of compressed air motors used in road vehicles [6]. The
proposal of this project is relevant for the fields of energy and environment, since specialists and
especially the population will have ready at hand a pneumatic propulsion equipment for light
vehicles which can validate the theoretical elements in the field of compressed air, as well as ways
to use it, so that we can preserve the environment and try to pollute as less as possible.
Internationally there are concerns in this area, especially in the development of pneumatic motor
vehicles. The pneumatic hybrid vehicle (PHV) concept is a low-cost alternative to the more
established electric hybrid. The PHV concept comprises no additional propulsion source and a
pressure tank as an energy storage device. The main idea with the pneumatic hybrid is to use the
ICE (internal combustion engine) in order to compress atmospheric air and store it in a pressure
tank when decelerating the vehicle. The stored compressed air can then be used either to
accelerate the vehicle or to supercharge the engine in order to achieve higher loads when needed.
[7]
This project, through the theoretical and practical aspects approached, aims to define and validate,
on a demonstration model, a new solution for an eco-friendly propeller intended for light vehicles
(bicycle, tricycle or scooter) based on pneumatic energy.
This proposal consists of a pneumatic driving system composed of a compressed air reservoir
(which can reach up to 300 bar), a pneumatic block containing the drive and control elements, and
a pneumatic motor, be it linear or rotary, which will drive the light vehicle when the user wants so,
giving him/her a power bonus of at least 10% of the energy invested. In urban traffic, a cyclist can
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reach a speed ranging from 19 to 22 km/h, with an average output power of 2.74W/kg, which leads
to energy invested of about 180 W (Figure 4).

Fig. 4.

a.) Technological level of the demonstrator
This project proposal starts from the general concept of developing propulsion systems with
pneumatic energy. Due to an average complexity level, the cost of implementation and production
of these propellers is low relative to the propulsion solutions already on the market, either
conventional (heat motor), or hybrid (electric or hydraulic).
By using compressed air as a primary energy source, pollutants emitted by the light vehicle using
such a propulsion system are zero, trend that is increasingly encouraged by international
regulations. The cost of producing compressed air is very low, which allows reducing operating
costs a lot compared to any other fuel.
Autonomy of proposed systems is relatively low, which makes the applicability domain of such
systems to be a limited one: they can be mainly used in urban areas or enclosures where there are
charging stations (entertainment parks, industrial parks, etc.). As compensation for that, charging
the tanks with compressed air can be achieved in a short time (few minutes) compared to other
unconventional sources, or the compressed air tank can be replaced.
4. Conclusions
General project objective consists in developing a pneumatic driving system at the stage of a
demonstrator, which should use the results of fundamental research in recent years in the field of
pneumotronic systems, by means of which there can be driven over short distances a light nonpolluting vehicle, starting also from the concept of Sustainable transport systems that have a
beneficial contribution to the social, economic and ecological sustainability of communities that
they serve. Such enhancing of quality of urban life can be achieved by implementing a Sustainable
Urban Mobility Plan, which in many cases would require a serious rethinking of the environment
and urban planning. The Sustainable Urban Mobility Plan is a set of actions directed towards
introducing more sustainable forms of travel, such as cycling and public transport in a city that is
means of transport compatible with economic growth, social cohesion and environmental
protection thus ensuring better quality of life for citizens. In the end this demonstrator must enable
the transition to a higher level of technology transfer, under other research programmes, so that in
future the local research to ensure the transfer to economic operators of good and low-cost
pneumatic propulsion equipment projects.
Specific project objectives are to:
elaborate a study on the situation of manufacturing of pneumatic drive vehicles and
modality of their use in urban traffic in order to ensure a low pollution level in urban areas;
investigate the influence of compressed air heating before expansion, in the pneumatic
cylinder, on system performance;
investigate a real time control system of the main parameters of propulsion system;
develop a pneumatic propulsion ensemble which can move a light vehicle over a distance
<20 km, for at least 5 minutes, with a power of 20-30 W;
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-

develop a test stand for the pneumatic propulsion ensemble;
elaborate a methodology for testing the pneumatic propulsion ensemble and for using it;
optimize the dynamic operating regime;
develop a vehicle that incorporates the pneumatic propulsion ensemble.
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Abstract: This paper presents the structure and functioning of a new type of hydraulic lifting/
lowering equipment, with the functional role of a cable hydraulic winch. It is used in hydraulic lifting/
lowering installations, cabled, in order to recover / accumulate important portion of the braking
energy, in load lowering phases, and respectively to reuse this potential energy recovered, in load
lifting phases. The device is the subject of a patent application submitted by the authors of this
paper.
Keywords: Hydraulic winch, recovery of braking energy.
1. Introduction
There is known a wide range of hydraulic cylinders, driven by pressurized hydraulic oil, which are
used in lifting/ lowering equipment: simple or double effect, with or without resilience, telescopic
cylinders, plunger cylinders, etc. Upon lowering the load these cylinders discharge to the tank,
through a hydraulic directional valve, the entire volume of oil accumulated in the active chamber
during load lifting, without recovering the slightest part of the load potential energy.
There are also known hydraulic lifting/ lowering installations, with cylinders or rotary hydraulic
motors, which recover some of the potential energy of the lifted load. They comprise cylinders or
rotary hydraulic motors and hydraulic accumulators. Potential energy recovery is done in the load
lowering phase, by directing the hydraulic oil to the pneumohydraulic accumulator. In the
accumulator there is an elastic membrane separating two fluid media: nitrogen, which is
compressed during the cylinder lowering, accumulating potential energy, and hydraulic pressurized
oil, which during the lifting phase, by the expansion of nitrogen is directed to the cylinder / hydraulic
rotary motor.
The main disadvantages of these types of installations are:
- the system for distribution of the working fluid, among the supply pump, cylinder / hydraulic rotary
motor and pneumohydraulic accumulator is complicated in terms of structure and functioning;
- the cost price of the entire installation is high, since in addition to the supply pump, the hydraulic
directional control valve and the hydraulic cylinder, the installation also comprises a second
hydraulic directional valve, controlling oil intake/discharge into/from the accumulator, a throttle
valve, two pressure relays and a pneumohydraulic accumulator.
2. Activity fields in which the hoisting winch provided with energy recovery can be
integrated
The activity fields in which the lifting device provided with energy recovery, type cabled hydraulic
winch, can be integrated, with great energy savings, include vertical hoisting installations, which
have a common feature: a large number of load hoisting and lowering operations during daily
functioning.
One such field is boring (drilling) deep wells, in the oil and gas industry, and also drilling deep wells
for supplying water to the large consumers (farms, factories, urban localities, et al.).
Execution of such deep wells is done by means of hydraulic drilling rigs, such as that shown in
Figure 1.
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Fig. 1. Structural diagram of a fixed hydraulic drilling rig

Structure of the drilling rig in Figure 1 is as follows: 1 –mud tank; 2- vibrating sieves; 3- suction
head and hose sucking the drilling mud; 4- mud pump; 5-motor; 6-pump manifold; 7-drilling winch;
8-standpipe; 9- rotel hose; 10- hydraulic head spout; 11- grab crane (block of mobile pulleys); 12cable active head; 13-crown-block (block of fixed pulleys); 14-steeple (mast); 15- floor man
platform; 16- drilling pipe pile; 17-rig work platform (drilling pipe seat); 18-hydraulic head; 19- kelly;
20- rotating mass; 21- rig work platform; 22- discharge flange; 23- vertical eruption preventer; 24horizontal eruption preventers lockable on the drill pipes; 25-drilling string; 26-drilling bit; 27- well
bottom; 28- flow hose of drilling mud.
Execution of a deep well by means of such a rig goes through the following steps:
a) Digging (drilling) the well, done by using the drilling bit 26, driven in a rotary motion, through
the drilling string 25 and kelly 19, by rotating mass 20. During the drilling, the walls of the well hole
are protected from crumbling by the drilling mud, which is a dosed mixture of bentonite, trasgel and
water. The viscosity of this mixture should be neither too low, in which case it would not provide
protection from crumbling of the well hole, nor too high, in which case it would make difficult or
even impossible the operation called “flushing of the well”. In the language used by drillers, a good
drilling mud is the one which after squeezed in hand, “cakes”.
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The drilling mud is sucked trough the mud tank 1, and discharged, through the hydraulic head 18,
into the well which is being drilled, by the mud pump 4, driven by the motor 5. After filling the well
hole which is being drilled with drilling mud, the mud is discharged, through the hose 28, into the
mud settling sump. During drilling the well hole there is a constant flow, closed loop, of drilling mud,
on the route mud settling sump –mud pump-hydraulic head-well hole- mud settling sump.
As the drilling bit 26 advances, between the kelly and hydraulic head the drill pipes in the pile 16
successively interpose. Each time when the upper end of the drill pipe reaches off the rotating
mass, the rotation of the drill string stops, end of the pipe fits into jaws, at the level of the rig work
platform 22, and the hydraulic head detaches from kelly. By means of the drilling winch 7, the grab
crane is hoisted 11, till the floor 15, where the floorman attaches the hydraulic head to the end of a
drill pipe in the pile 16, and after that the winch lifts the hydraulic head, coupled to this drill pipe,
then lowers the unit hydraulic head-drill pipe, down to the level of the pipe fixed into jaws, to which
it attaches itself.
There comes a new step of well drilling, for a depth equal to the length of the drill pipe, and after
that the next drill pipe is interpolated into the drilling string.
The number of drill pipes of the drilling string, equal to the number of hydraulic head hoisting and
lowering operations, depends on the final depth of the drilled well.
In the case of deep wells the number of drill pipes used for drilling them is high, because their
length is relatively small, as it depends on height of the steeple 14 of hydraulic drilling rig.
b) Extracting the drilling string, step which is initiated after completing drilling the well and
consists in successive removal of the drill pipes used to drive the drill bit from the well. Using the
winch and crane, each pipe mounted in the drill string is lifted and deposited on the floor man
platform, after detaching it from the set of drill pipes mounted.
In this phase of execution the number of lifting and lowering operations made by the winch crane
hook is equal to the number of drill pipes which are components of the drill string, and hence
proportional to the depth of the drilled well.
c) Tubing the well, step which involves dropping a metal pipe column into the drilled hole, column
which is meant to protect against well walls crumbling, after evacuating the drilling mud. Tubing the
well is done with sections of metal pipe, of lengths lower than the height of the drilling rig steeple,
which is welded between them, to form a continuous linear assembly, similar to that of the drill
string.
In water wells, beside the captured aquifer layers, the metal column is perforated, and behind it
pearl gravel is poured.
In this phase of execution the number of lifting and lowering operations made by the winch crane
hook is equal to the number of sections of pipe components of the tubing column, and thus
proportional to the depth of the drilled well.
d) Flushing the well, step which involves evacuating of drilling mud from the well bore. In high
depth water wells, this operation is performed using an air compressor, a mammoth pump (air lift
system) and the mud settling sump. This pump consists of two columns of different diameters from
pipe, of modular lengths lower than the height of drilling rig steeple. The column of smaller
diameter, through which air is blown, is welded at the lower end to the large diameter column,
through which water is discharged.
To do the well flushing, there are dropped and mounted in a block, using the drilling winch, the
sections of the mammoth pump, till close to the "sole" (bottom) of the well. Then the mammoth
pump is connected through hoses to the compressor (the small diameter pipe) and the mud
settling sump (the large diameter pipe).
In high depth water wells, flushing, rinsing and formation of the pearl gravel filter, which is behind
the perforated metal column, take place within days of continuous muddy water pumping, from
inside the well to the outside.
In this phase of execution the number of lifting and lowering operations made by the winch crane
hook is equal to the number of sections which are parts of the mammoth pump, and thus
proportional to the depth of the drilled well.
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3. Advantages of the solution proposed for potential energy recovery and storage
There are known cabled winches, consisting of a winding drum, driven by a thermal or hydraulic
motor, either external or built-in, which upon lowering the load do not recover any part of the
potential energy available, as they are not provided with recovery and reuse systems. Such a
winch is the one used in the installation shown in Figure 1.
The solution proposed for the lifting device with energy recovery/reuse consists of a hydraulic
winch [1], characterized by the fact that the winding drum, besides the fact that it is driven to rotate
by an external hydraulic motor, also includes within it a mechanism for driving a hydraulic pump
which, during load lowering phase, fills a cylindrical tank with pressurized oil; the tank has a piston
which compresses a set of springs that, during load hoisting phase, by the expansion of the
springs, converts the pump into a hydraulic motor, thus helping, by means of the drive mechanism,
to rotate the drum, resulting in reduced energy consumption for the external hydraulic drive motor.
The solution proposed for the lifting device offers the following advantages:
- It saves energy consumed to hoist a load;
- It has a highly compact design;
- The device can be adapted to a wide range of loads hoisted, by replacing the set of
springs;
- Load hoisting/lowering stroke does not depend on the operational limits of the energy
storage system, composed of the hydraulic pump, the piston and the set of springs.
4. Structure and operation of the hoisting device provided with energy recovery
The hydraulic lifting device provided with energy recovery comprises (see Figure 2): a drum
1, closed on the right side with a lid 2, which is driven by a low speed hydraulic motor 3, by means
of a flange 4, attached on the left side, inside which there is mounted a crown gear 5, with internal
toothing, which can drive by means of a pinion 6 and a coupling 7 an intrinsically safe valve gear
pump 8.
The pump is fixed inside a cylindrical tank 9, in a cavity a, in which the drum 1 is housed in a
bearing support, which also includes piston 10, against which there rests, by means of two centring
discs 11, a set of springs 12, located in another cavity b of cylindrical tank 9. In the drum spindle
there is a tubular rod 13, to which a check valve 14 is attached; this rod sets the hydraulic
connection between the pump inlet port 8 and cavity b. The tubular rod also communicates,
through an external fitting 15, with drainage port e of hydraulic motor 3.
Attached to the hydraulic motor 3, in the area of its supply ports, there is a double check valve 16,
which has two ports c and d for connection to a hydraulic drive installation. The entire structure
rests on a detachable frame 17.
Before startup the cavity b of tank 9 is filled with mineral oil.
The winch is connected to a hydraulic drive installation operating on mineral oil, as follows: ports c
and d are connected to the work circuits under pressure, and port e of drain and return circuit, is
connected to an oil tank.
Winch functioning, by phases, is as follows:
Standing under load, is achieved by the fact that hydraulic motor 3 cannot be rotated by drum 1,
as long as the double check valve 16 is not unlocked, no pressurized oil existing at ports c or d.
Lowering the load: the port c is supplied with pressurized oil; this port unlocks the valve 16 on the
discharge circuit d, and the rotary motor 3 rotates, for instance clockwise, also rotating the drum 1
through the flange 4. At the same time, the crown gear 5 drives the pinion 6 and the coupling 7,
thus rotating the pump 8, which sucks oil through the tubular rod 13 from cavity b of the tank 9 and
also from the drainage circuit, respectively the fitting 15, and discharges oil in cavity a.
If the piston 10 has reached the stroke end, but the load still needs to be lowered, rotating the
drum 1 is allowed as the pump 8 will discharge through the intrinsic safe valve, which will usually
be adjusted to the pressure required for maximum compression of the set of springs 12. During all
this time working pressure at port c has the minimum value necessary to overcome friction, since
rotation torque for pump 8 is provided by the load in lowering.
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Drum stopping when lowering the load is done by interrupting the supply of the hydraulic motor 3
with working fluid, the valve 16 blocking itself again.

Fig. 2. Longitudinal section through the hoisting device provided with energy recovery

Hoisting the load: port d is fed with pressurized oil; it unlocks the valve 16 along the discharge
circuit c and makes the hydraulic motor 3 rotate, counter clockwise, also driving the drum 1 for
hoisting the load. The drum, this time, is assisted by pump 8, which under the influence of oil
pressure in cavity a, becomes a motor, rotated in the opposite direction compared to the operation
as a pump and takes over some of the torque required for hoisting. During lifting of the load,
pressure in cavity a drops, while the set of springs 12 expands, and working pressure at port d
progressively increases, the hydraulic motor 3 gradually taking over the entire torque required for
hoisting.
If the set of springs 12 has been fully expanded, and piston 10 returns to its original position, and
lifting stroke must continue, this is possible as the pump 8 discharges into cavity a through the
valve 14, from where it also sucks.
From design stage it is necessary that the set of springs 12 be tailored as clamping force to the
maximum load which is to be hoisted. When reducing the maximum load to be hoisted, by means
of the same winch, there is the possibility of replacing the set of springs by another one, along with
centering discs 11, which are detachable.
Figure 3 shows the hydraulic diagram of the hoisting device provided with energy recovery, which
keeps the same notations as in Figure 2.
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Fig. 3. Hydraulic diagram of the hydraulic hoisting device provided with energy recovery

Conclusions
-

The hoisting device provided with energy recovery can be used in hoisting installations
with winches, components of hydraulic drilling rigs, freight and people elevators, anchor
winches for ships, et al.;

-

The solution proposed by the authors of this paper for recovery of potential energy of
vertically hoisted / lowered loads is an application of the principles of reversibility and
bidirectionality of constant capacity positive displacement machines, used in fluid power
systems.
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Abstract: Worldwide the trends of evolution in the field of horticulture are the easy maintenance
for plantations, with as small volume of work, control of nutrients, water treatment and maintenance
of trees. Thereby have appeared intensive and superintensive orchards. In order to make easier
maintenance operation and harvesting, the trees must be small sized, planted in rows with a high
density. Irrigation is done with fertilizers on a certain area, along of the root system. The
agricultural machines have developed properly with the appearance of new specific machines,
among which are controlled machines for establishing load of inflorescence of fruit and controlled
cutting machine for root system. Quality of the works done by cars must comply with the
technology fitted in the limits imposed by the orchard technologist. In order to obtain quality work it
is necessary to have high precision machines, with the possibility to precise control of the working
tool. This can be done using distance, horizontality, and angle sensors that send the position of the
working tool to an automatic control system, than through a hydraulic system it corrects the tool
position, keeping it in a field of required working technology.
This automatic control, via the hydraulic system, corrects the tool position, keeping it in a field of
the required working technology.
Keywords: horticulture, root system, hydraulic systems, intelligent control systems, biotechnology
1. Introduction: Trends in world fruit production
World pomiculture in general and in Europe in particular, tends to reduce the growth vigor of
cultivated fruits species, and to establish intensive and superintensive orchards, with high density
of trees per unit area (ha).
This major objective is new trend in the world fruit production. This objective can be achieved
primarily through the creation of low vigor vegetative rootstock on which are grafted different
varieties of crops, of high biological value and outstanding productive performance.
The major aim of this trend is to reduce the vigor and growth of different varieties and fruit species,
such as apple, pear, cherry, and walnut. On such trees (orchards), with low size, can be easier to
work, with greater efficiency and less technological workforce, such as cutting, phytosanitary
treatments, fruit harvesting, etc.
Recent research in pomiculture has shown that is beneficial cutting a portion of the root system of
the trees, coupled with cuts made in the crown. They contribute to the preservation of low waist
trees and maintaining root growth within the nutritional space of each tree.
Only on a strip of soil beneath rows, maintained free of weeds (not all over the orchard), are
applied the rules of localized irrigation (drip, micro sprinkler) and fertilization (fertigation), thus
increasing the efficiency of water and fertilizer used and consumed almost only by the crop plants
(trees).
The equipment for cutting the roots at a distance of 50-60 cm from the trunk of the tree (strip of the
row), it only maintains the growth of the rootstock roots, under the projection on ground of the tree
crown.
It has been demonstrated through research that cutting the root system is stimulating the growth of
multiple branches. This cutoff, increases root mass and capacity to absorb water and mineral salts
from the irrigated and fertilized soil.
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The Equipment for cutting the roots is recommended only for high density orchards with reduced
vigor rootstocks, where the root system of rootstocks is quite shallow and quite easy to cut the
roots, that usually do not exceed 3-4cm in diameter and no deeper than 40-60cm.
2. Romanian specificity in the evolution of fruit growing
In our country were planted intensive and superintensive orchards. Most of them are investments
with European money, and were built with specific breeds for intensive and super intensive
orchards, from import, without making a prior acclimatization. The results that followed have
created dissatisfaction among fruit growers, who publicly demanded the introduction of a variety of
acclimatization stages, before being brought into the country, a situation that is found in animal
breeds. Along with orchards were brought a wide range of machines for maintenance and
harvesting. From these, root cutting machines should be adapted to the circumstances of fruit
growing in Romania, with heavy soil (clay) and hilly specific arboriculture, where soils are also with
different textures and harder penetration. At the Institute of Maracineni were planted intensive and
superintensive orchards, where the behavior of different breeds of fruit is monitored, and are tries
to adapt a wide range of machines to the conditions of Romania.

Fig. 1. Picture of an superintensive orchard from ICDP Pitesti-Maracineni

In fig. 1 is present a picture from Maracineni Institute, of a superintensive orchard. It can be
observed irrigation system applied in the row of plants, containing micro sprinklers that irrigate an
area along the row. Nutrients that are applied in the irrigation water are found in that area, so that
the root system should be conducted properly.
3. Romanian proposal for smart root cutting machine
Modern technologies of cultivation of orchards require development control of the plant root system
in the soil. This machine can cut roots that are getting further away from the area where irrigation
water and fertilizers are applied. In intensive and superintensive orchards watering is carried out
on a belt along the plant row. The root cutting machine is a device worn by a tractor, and is
equipped with a knife that penetrates the soil up to a depth of 60 cm and cuts the roots at a certain
distance from the row. In practice, it has been observed that due to soil profile, elasticity of the
working tractor system, resistance to advancing uneven soil knife, cuts are inconsistent.
Through collaboration between INOE 2000-IHP with ICDP Pitesti-Maracineni it has been proposed
root cutting machine with a smart control of positioning the working tool, against and among the
trees and ground. It starts from a root cutting machine, equipped with a hydraulic system with raw
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control, and finalizing with an innovative machine with intelligent positioning and maintaining
cutting tool, ultimately proving the functionality. In order to achieve the cutting roots machine is
needed research in the field of machine building in collaboration with pomiculture and informatics.
These domains are in the area of industrial research, experimental and experimental development.
In the country there are no production of such root cutters, but we know that there are a blade
which adapts to rippers blades, which are used in farming, that are used in vegetable growing,
which cuts the roots vertically without the possibility of adjusting the distance from a reference
point.
Internationally there are a wide variety of root cutters. RAMONT STAR SRL imports from UE the
car model with the following characteristics PKH working depth 65cm, necessary power 62 HP,
and dimensions of 135cm x 190cm x 195cm (fig. 2). This machine is equipped with an adjustable
cutting position, which can be done rough by hand by the tractor driver, and brings the knife into
the work area, by manual controlling of the hydraulic cylinders.[1]

Fig. 2. Root cutting machine presented by company Ramont Star SRL, Model PKH [1]

Worldwide there are known Italian and Spanish companies (Jympa) which produce root cutting
machines.
This machine came from the need to control the knife position against the root system and
guarantee this position. The achievement of this smart machine in Romania is an absolute novelty.
It is part of the worldwide trend to introduce smart machines that work to help workers and to
increase the quality of agricultural works.

Fig. 3. Root cutting machine during work

The following adaption proposal starts from shredder of roots, carried by tractor as shown above,
which has an hydraulic drive system for adjusting the distance from the row of trees and a cutting
depth operated from the tractors hydraulic distributor, gross adjustments made by the tractor driver
in work in order to protect the most developed branches, and in the end is sought a smart
demonstrator who installed on the tractor it measures the distance to the ground and among the
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trees, and automatically regulates the distance regardless of the position of the tractor. All
components and the general solution are for the global scale, because smart systems are a
leading technology.
The equipment that cuts roots at a distance of 50-60 cm from the trunk of the tree (the shaft line), it
maintains growth of the root system under the tree crown's projection on the ground. The cutting
roots machine is passing among the trees with the working body, which can tilt at an angle under
the roots, trimming the roots in the soil which are getting away from the line row of the trees.
It starts from a machine that cuts at maximum depth of 65 cm. As soon as the machine begins
cutting it can be observed that the size of the knife which is out of the soil varies from 40 cm to 58
cm (fig 4). This is because of the soil profile on which the tractor is running and the resistive force
of the knife in the soil that gives a component that tends to lift the entire assembly and rotate it
towards the longitudinal shaft of the tractor. The situation is shown in the images below. Notice
how the depth of cut on the left of the knife into the soil shrinks. Therefore the machine does not
realize the plan of cutting provided.

Fig. 4. The comparison on root cutting machine of cutting depths, depending on the position of the working
apparatus

To eliminate these drawbacks it must be achieved an intelligent control and maintain the cutting
depth. It will be used probes to measure the distance from cutting knife from the ground, devices
measuring horizontally off the cutting machine, intelligent probes in front of the row of trees. All
these data introduced in the intelligent controller command of the hydraulic cylinders that will hold
the position of the knife in predetermined areas.[3][4][5]
For measuring horizontality of the machine it will be used a SMART Controller, a sensor for tilt on
two axes Level Bar, experimental products from INOE 2000 IHP with following characteristics: 9-28
VDC/50mA Supply, Resolution angle of 2 degrees, Measurement range: adjustable 10 ÷ 30.[3][4][5]

Fig. 5. Automation scheme for the smart root cutting machine taken from the header’s ground
tracking system of the combine grain harvester [2]
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In fig. 5. is presented the scheme of automation control system of the cutting knife. The signals are
taken from sensors located on probes and from the clinometer and this orders the machines
positioning cylinders Y and the rotational axis R to keep the cutting parameters, imposed by the
orchard technologist. If Y and R are the various measured quantities, then they must take values in
range of Ymin<Y<Ymax and Rmin<R<Rmax.[2]
The two research centers have a very good research expertise in areas of the proposed theme,
combining more than 40 years in servo hydraulic systems the HYDRAULICS AND PNEUMATICS
RESEARCH INSTITUTE INOE 2000-IHP and with experience in orchard domain Maracineni
Research Institute and Production for orchard.
From INOE 2000 – IHP experience it has been resolved the issue of positioning equipment for
washing glass beside of solar panel.

Fig. 6. Washing photovoltaic panels machine with smart distance control from the panel, made of INOE
2000-IHP [6]

Fig. 7. Combine harvester, equipped with smart header for tracking the configuration of the soil, made of
INOE2000-IHP in collaboration with Semanatoarea SA and INMA Bucharest [7]

Another project RELANSIN 2004-2007 realized by INOE 2000 - IHP in collaboration with SC
Semanatoarea SA where the aim was that the combine harvester's cutting machine and cutting
table to fallow the soil profile. The project was realized through the use of probes that can see the
distance from the soil, and an automation system that are keeping the distance by operating the lift
of cylinder of the cutting table, which revolves around an axis, which are connecting the cutting
table to the combine.
Conclusions
Modern biotechnology controls all aspects of fruit development from planting trees rootstock to the
choosing of the breeds, the design of future plantations, choosing the future vigor of trees,
trimming the branches, directing the branches and stems. Of great importance to intensive and
superintensive orchards is directing the root system by controlling development, by trimming their
roots in the soil similar to pruning. This is to respond to the irrigation system and the application of
fertilizers. The machines brought in Romania have demonstrated the need for adapted machines in
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our orchards with heavy soils (clay) in hilly soils with different textures and penetration heavier than
the cutting device.
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Abstract: The paper have as main purpose the realization of a demostrator in the form of a
platform for 2-4 people, hydraulic operated, for the simulation of the movements felt in the house,
induced by the vibrations from the soil as a result of seismic waves generated by earthquakes.
About 50% of the population of Romania does not realize how they can be felt in housing, ground
vibration created by seismic waves. With no knowledge of this phenomenon, panic among the
population can be installed very quickly, emphasizing the effects of an earthquake. At the present
time it began to put emphasis on the training of the population, not only on the education and as a
result this project will have stages of theorethical training of the population, stages of design,
execution and platform experimentation, as well as making some vibrating programs for the
platform. All the programs have as basics the typology of the earthquakes in Romania and the
national and European normatives about the seismic risks. The platform will be realised in such a
way that it can be movable by towing with an automobile and electrically operated by connecting to
a public network.
Keywords: seismic platform, earthquake, seismic acivity
1. Introduction
After analyzing people's behavior during and immediately following deployment of an earthquake
with a magnitude above 5 on the Richter scale, it was found that usually installs a huge panic,
often with tragic consequences. More than half of Romainian citizens have no previous training in
relation to earth quakes, no trainind related to situations arising with appearances seismic waves,
which is why is installs panic and as a result of misbehaving completed sometimes even deaths.
There are statistical data which highlights that over 60 % of deaths could be avoided if people
would be trained theoreticaly and practicaly how to behave on the occurrence and durind the earth
quake, there by reducing panic and behavior of a shocked man. Based on these factors, the
authors concluded that a simple and relatively cheap solution could be the development and use of
mobille seismic platforms that simulate vibrations that occur in soil and in buildings, notably in
housing, for practical training of the population. These platforms can repackage and extend easily,
thereby being able to move without problems to schools, kindergartens, residential districts, or
wherever there is need for training of the population, regardless of age. These actions are to move
from education, most often purely theoretical, to practical training. The earthquake is one of the
most terrifying and destructive natural phenomena destructive. Especially since this phenomenon
occurs by surprise in any weather conditions at any time of year and day. Therefore, earthquakes
have negative psychological effects on people accustomed to regard Earth as a safe support. By
the time when everything around us is shaking violently, objects fall, the walls crackle, buildings
are collapsing, people are gripped by a terrible fear, after that they hardly recovers. Romania is a
country with a high level of seismicity, which requires preparing people to face situations generated
by earthquakes, as described above. Preparing the population for awareness of the vibration
effects of terrestrial crust on buildings and to protect in the occurrence of an earthquake can
reduce people's vulnerability to seismic waves action.
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2. The situation in the country and on international plan concerning the mobile simulation
platforms
Because earthquake risk in is found in all countries of the world, the concern of reduceing the
catastrophal effects of those entered the concerns of policymakers and people from scientific
research. The first idea is that earthquakes are inevitable and permanent, second is that are cyclic
and third sometimes are catastrophic. If global concern has led to the development of simulation
technology platforms earthquakes in Romania have always been attempts at serious unfinished
and have not been fully implemented across the country. In countries like Japan and the U.S. have
spent huge sums to the development of hydraulically actuated fixed platform by which to simulate
earthquakes of different sizes and with which population can be trained to ensure the conduct able
to reduce the accident rate. A novelty appeared in recent years, especially in theory is the mobile
platform, which is trailed by a car and can be moved into different locations to support the
competent authorities in training the population for seismic risk situation. This new concept of
mobile platforms lies at the heart of this work, which in turn is part of the population training
actions.[1]
2.1. In Romania there are not technological processes of manufacturing of mobile platforms,
projects and any organized pursuits of practical training on seismic simulators.
There are only attempts and some achievements of studying the behavior of buildings and,
possibly, of complex industrial products, at the induction of vibrations using fixed platforms. These
platforms from INCERC, INMA, Brasov, Arad, ICPE-EUROTEST, hydraulic three-axis actuators,
were bought from USA, only one of them being assembled in Romania. Attempts of training of the
population on fixed platforms, existing (actually just one test), did not give the expected results.
The construction of the mobille platform will ease the work of the IGSU specialists to train the
young people that follows different schools and other interested person. The proposal from this
work it is relevant for the field of population training in the sight of a good behavior in the seismic
risk situations, whereas the specialists will have at their hand a simulation equipment which can
validate the learning of the theorethical ellements as well as the advices regarding the behavior in
case of seismic movement over 6 richter degrees. [2]
2.2. At international level, there are both vibration fixed and mobile platforms, for population
preparedness, but the mobile ones are more for fun, not to prepare people in case of earthquake.
The following paragraphs will present some existing solutions worldwide that could be considered
as the basis of the concept of platform developed by this project.
Specialists of Indiana Geological Survey realized a mobile earthquake simulator, called Cottage
Quake (Figure 1), which can simulate earthquakes of magnitude between 5.5 ÷ 8.0 degrees on
Richter Scale.

Fig. 1.Cottage Quake
[https://igs.indiana.edu/earthquakeexperience/
#gsc.tab=0]

Fig. 2. Simulator in Turkey
[http://www.turkishairlines.com/enkz/skylife/haberler/2012/july/akut-ile-depremsimulasyonu]

Turkish Security Directorate purchased a mobile earthquake simulator (Figure 2) to inform and
prepare the population in case of earthquake.
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Another mobile platform is carried aut by QuakeHOLD!, called BIG SHAKER (Figure 3). This
American platform is capable to simulate earthquakes of magnitude up to 8 degrees on the Richter
S
Figures 4 and 5 show two variants of fixed trening platforms with kinematic motion quite complex
ensured by at least 3 hydraulic axes.

Fig. 3. BIG SHAKER
[http://www.quakeholdindustrial.co
m/safety-during-earthquakessafety-preparedness-safetyfurniture-straps/EarthquakeEmployee-Safety-Trainingearthquake-safety.html]

Fig. 4.
[https://www.mts.com/cs/groups/
public/documents/library/dev_00
2251.pdf]

Fig. 5. [http://sunaerosysco.tistory.com/4]

3. The solution proposed
The solution proposed by the authors consist in realizing a demonstrative model of mobile vibratory
platform for population training in the sigh to overcome with calm the fear and the panic appeared
in case of an earthquake grather than 4..5 degrees on the Richter scale. The demonstrative model
it will be realized in a functional form, capable to train simultaneously a grop of 2 to 4 people snd
wil be mouvable into difeerent location with the hel of an vehicle towing.
3.1. The concrete performances of the project are the following:
- Realizing a mechanical platform, on which can be placed 2 ÷ 4 people. The length of the platform
will be at minimum 2.5 m and a width of about 2 m.
- Making a hydraulic system with one axis, this could provide the vibration of the mechanical mass
with 1 ... 35 Hz. The minimum weight of vibrated device, including the platform, will be
approximately 1500 kg. Realizing a vibration program that could scan all the frequency range from
1 to 35 Hz, having sinusoidal shape. [3], [4]
- Making of type programs (minimum 10) that can simulate variations of sizes of earthquakes, both
on an axis, and two axes
3.2. Structural scheme
The current proposal consist a vibrant table, inducted by one or two axes hydraulic operated, from
a sensor block and a electronic computing and comand block. The proposal involves actually a
theorethical analyze of the 2 axes variant, according block scheme from figure 6. [5], [6]
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Fig. 6.

3.3. Theorethical and experimental elements which underlying proposal
Earthquakes in Romania are due to energetic subcrustal seismic activity of seismogenic area
Vrancea and due to numerous seismogenic surface areas, as shown in Figure no. 7, where is
presented a map with the seismic hazard of all regions in Romania (source - www.romaniatv.ro).

Fig. 7. [www.romaniatv.ro]

Fig. 8.

Fig. 9.

Vrancea epicenter earthquakes are able to create big problems in over two thirds of Romania.
Adding to these facts the surface earthquakes, we can conclude that the majority of Romanian
territory is subject to a certain level of seismic risk, amplified in some areas, by the vulnerability of
communities. From international studies and statistics on the effects of earthquakes, results that
many of the accidents suffered by the population could be avoided if people would know how to
proceed in such situations, so, the experts from around the world, including from Romania, they
tried to find the most effective training methods on seismic simulators. The starting concept is to
combine theoretical training of persons with their practical training on a platform of medium size,
which can be moved to various places, achieving thus preparing as many persons for emergencies
caused by critical situations of earthquakes. In fact, both worldwide and in Romania, started from
fixed platforms, mechanically vibrated, completed to test structures, then switched to fixed
platforms, hydraulically actuated and, in recent years, it came to mobile platforms for training
population, changing somewhat paradigma of seismic vulnerability.
The proposal is based on the type of earthquakes in Romania and surrounding areas as well as
from international producers experienced seismic training platforms. Most platforms are
hydraulically actuated, having, as a key, hydraulic axis composed of cylinder, servovalve and
transducer (Figure 8 and Figure 9). To achieve performance axes, specialists of IHP realized
specific studies, mathematical models, including doctor thesis.[7], [8], [9]
The complexity of the project is given, by the diversity of technologies involved in realizing the
platform and by the need for knowledge of some elements of sociology and seismology. A general
scheme is presented by Nobuyaki Ogawa and his colleagues in Fig. 10.[10]
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In order to achieve such a product, need trained specialists from the hydraulics equipments, of the
mechanical drives and electrohydraulic adjustments of the mechanics, electronics and computer
science field, the disaster prevention field and the psycho-sociological preparedness of population
in case of earthquake. Hence, the obligation to use concurrent engineering, as soon as the
technical and functional solution for all specialties can and should begin to work, maintaining a
permanent link between these groups and an efficient management to correlate of the entire
complex. [10], [11]

Fig. 10. [10]

4. Conclusions
This work has as basis the experience of the authors in the technical and training population field.
The paper takes into account the achievements worldwide in the area of fixed and mobile seismic
platforms, two-axis and multi-spindle.
Subject of this paper work formed the basis of a research project proposed under a national
scientific research program.
This work is of great interest and possible to be produced at affordable prices by the institutions
from which the authors belong.
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Abstract: In the area of manufacturing technology, machine tools represent a significant part of
machine equipment in a company. Besides productivity, the demands on the accuracy of components as well as on the energy efficiency of production processes rise. During the production process a part of the electrical energy is converted into thermal energy and thermo-elastic deformations
occur. These deformations are influencing the position of the machine’s tool centre point and lead
to a reduced accuracy. Therefore, the fluidic systems are an essential element to control the
thermo-elastic characteristics of machine tools.
In the paper the behavior of the overall fluidic systems in a modern cutting machine tool is investigated, since these are absolutely necessary to provide an optimal thermal behavior and achieve
highest accuracy. With new concepts of system structures fluidic system also offer a high potential
to increase the energy efficiency of the machine.
The main targets of this paper are firstly, to identify and examine the existing fluidic systems of a
machine tool. A performance measurement of the machine with defined load processes was carried out, to get information about the energy demand and distribution. Here is the focus on describing the cooling system because it is used to cool the motor spindle and its thermos-elastic deformations are directly influencing the TCP. Secondly, to develop a thermal model as a network
model (lumped parameters) of the cooling system. Lastly, to derive basic information on the temperature characteristics of the cooling system and its sub-units in order to develop optimized structural concepts and control strategies for fluidic systems.
Keywords: machine tools, heat transfer, cooling system, energy efficiency
Nomenclature
𝐴

m²

Area of pipe

𝐶𝑝

J/(kg·K)

Specific heat capacity at constant pressure

𝐷

m

Hydraulic diameter

𝑑𝑖

m

Inner diameter

𝐸

J

Energy

𝐹

N

Force

𝑖1

A

Phase current

𝐿

m

Length of tubes

𝑚

kg/s

Mass flow

𝑁𝑢

-

Nusselt number

𝑅𝑒

-

Reynolds number

𝑝

bar

Pressure
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𝑃𝑒𝑙

W

Electrical power

𝑃ℎ𝑦

W

Hydraulic power

𝑃𝑡ℎ , 𝑄

W

Heat flow

𝑃𝑚𝑒𝑐 ℎ

W

Mechanical power

𝑃𝑟

-

Prandtl number

𝑡

s

Time

𝑢1𝑁

V

Phase voltage

𝑇𝐸1 / 𝑇𝐸2

°C

Inlet/ outlet temperature electrical cabinet

𝑇𝑇1 / 𝑇𝑇2

°C

Inlet/ outlet temperature rotary table

𝑇𝑀𝑆1 / 𝑇𝑀𝑆2

°C

Inlet/ outlet temperature main drive (spindle)

𝑄𝐸 /𝑄𝑇 / 𝑄𝑀𝑆
drive

J

Thermal energy of electrical cabinet, rotary table and main

𝑉

m³/s

Volume flow

𝑣

m/s

Feed rate

𝛼

W/(m²·K)

Heat transfer coefficient

𝛥𝑇

°C

Temperature difference

𝜆𝐹𝑙𝑢𝑖𝑑

W/(m·K)

Thermal conductivity (water/Antifrogen® N mixture)

𝜈

m²/s

Kinematic viscosity

𝜌

kg/m³

Density

1. Introduction
Over the last few years, energy saving has become a more and more important topic and the public awareness of environmental issues increased significantly. Using environmental friendly and
energy efficient products, much energy and many raw materials could be saved. In recent times,
the development in the industrial sector is strongly focused on producing in a more energy-efficient
way. Depending on the company, machine tools require up to 68 % of the companies’ total energy
demand [1].
With machine tools, various production processes such as drilling, cutting, milling, etc. can be realized. During these production processes, a large amount of electrical or mechanical energy is
converted into thermal energy. The generated heat from the production process and from the
drives dissipates and the warmed-up parts or components need to be cooled accordingly. Otherwise thermo-elastic deformations occur that at the end are influencing the position of the tool center point (TCP) of the machine tool. This has to be avoided in order to guarantee a precise production.
The main targets of this paper are firstly, to identify and examine the existing fluidic systems of a
machine tool. Secondly, to develop a thermo-hydraulic network model (lumped parameters) of the
cooling system. This cooling system is used to cool the main drive (motor spindle), which was identified as the main heat source inside the machine tool. Lastly, to provide basic statements on the
temperature characteristics of the cooling system and its sub-units.
Figure 1 illustrates the methodology of the investigations. It is divided into four mutually dependent
steps: In the first step, a demonstration machine with its main fluidic system is defined. Secondly,
the measurement of the machine is carried out with a defined test cycle. With the help of the machine data as well as the circuit diagrams a system structure of the fluidic systems is derived. In
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the last step, the initial parameters of the measurement are included in the model and it is validated against the measured data. With this model one is able to examine and evaluate new concepts for the cooling system.

Fig. 1. Methodology of investigation of a demonstration machine

2. Demonstration machine and its fluidic tempering systems
In the first step, a machine was chosen for the experimental investigation as a demonstration machine (Figure 2). The selected and analyzed machine, type “Scharmann DBF630”, has five axes
(X, Y, Z, U and B) and a driving power of 35 kW. The speed of the main drive ranges from 1 to
3500 min-1, the working area of X-, Y-, and Z-axes amounts to (850 x 700 x 800) mm.

Fig. 2. Demonstration machine DBF 630

The fluidic systems are an essential element to control the thermo-elastic characteristics of machine tools. They undertake a number of tasks such as tempering, lubrication, flushing and clamping. The fluidic systems represent an essential part of the total electric energy consumption and
are also an important heat source.
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The demonstration machine DBF630 consists of four main fluidic systems: Cooling system, cooling
lubricant system, lubrication system and hydraulic system, see Figure 3. As previously mentioned,
the focus is to examine the fluidic systems and describe the cooling system and its sub-units. The
cooling medium of the cooling system consists of a mixture of water and Antifrogen® N (60% H2O).
The main function of the cooling lubricant, the lubrication and the cooling system is the heat dissipation from the production process, the mechanical parts (friction losses) and the drives (motor
losses).

Fig. 3. Main fluidic systems of DBF 630 [2]

Cooling system
The cooling system consists of three sub-units, electrical cabinet (6), rotary table (4) and main
drive (7). A fixed displacement pump (24) supplies the cooling medium and the coolant device (22)
cools down the heated fluid to a set temperature. The heat generated by conversion of electrical
energy into mechanical and hydraulic energy can be transmitted by means of the fluid to the heat
sink cooling unit (22).
Cooling lubricant system
The main functions of the cooling lubricant system are on the one hand, the cooling of the tool and
the workpiece during a manufacturing process and on the other, the removal of the originating
metal chips during production. Here, two submersible pumps (12) are responsible for the coolant
supply to the processing zone. One high pressure pump is used for the internal coolant supply
through the tool (19), another low pressure pump ensures the flushing of the processing zone (17)
and the external coolant supply (18). The centrifugal pump (11) transports the contaminated fluid
from a dirt coolant tank through a belt filter (15) back to the cooling lubricant tank.
Lubrication system
The primary function of the lubrication system is the lubrication of the mechanical parts within the
main drive (7) to reduce friction and friction losses. Here, the pump (24) delivers the lubricant
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through the filter and cooling unit (22) to the nozzles (26). The lubricant is distributed between the
moving parts and the emitted fluid is retained and led back to the tank.
Hydraulic system
The hydraulic system is used for clamping the tool (28) or the rotary table (4). Two pressure relief
valves are integrated behind the fixed displacement pump (24) and limit the pump pressure in a
range of 120 bar and 160 bar.
3. Experimental investigation
After the definition of the main fluidic systems in the machine tool was successfully completed,
experimental investigation follows. For this second step within the methodology of investigation
(see Figure 1), measurements were performed on each system of the demonstration machine
(Figure 4a). Also, a performance measurement of the overall machine tool was carried out. To
warm up the machine in idle operation mode a load regime was applied. Therefore, two different
test cycles are used for the investigations: Test cycle 1 (short 275 s), to examine the energy demand of the overall machine (see figure 4b) and test cycle 2 (long 1400 s) to investigate the temperature behavior of the sub-units. In general, the performance measurement of the machine tool
is divided into different sub-processes, such as: switching machine on and off, warm-up phase,
set-up operation, emergency stop, idle operation and production process [3]. Here in this paper,
four phases are chosen:
-

Warm-up with starting up the machine until thermal equilibrium is achieved within the fluidic
systems
Set-up operation with exchange between workpiece and tool
No-load phase, individual movements of axes and spindle (Figure 4b)
Manufacturing process

All results shown in this paper refer to the test cycle 1 (depicted in Figure 4b) and test cycle 2.
Firstly, the spindle accelerates several times to its maximum speed at 3500 min-1 and decelerates
again. This is followed by the movement of the linear axes X, Y, and Z. The energy consumption
for the test cycle 1 (275 s) is illustrated in Figure 4c. The energy amounts are calculated from the
measured electrical power values of the whole machine and of each subsystem. The following equations are used to determine the distribution of the total energy consumption:
(1)
𝑃𝑒𝑙 = 𝑃𝛴 (𝑡)
𝑃𝛴 𝑡 = 𝑢1𝑁 𝑖1 + 𝑢2𝑁 𝑖2 + 𝑢3𝑁 𝑖3
𝑃𝑡ℎ = 𝑄 = 𝑚 𝐶𝑝 𝛥𝑇

(2)
(3)

𝑃ℎ𝑦 = 𝑝 𝑉

(4)

𝑃𝑚𝑒𝑐 ℎ = 𝐹𝑣

(5)

𝐸=

𝑡2
𝑃
𝑡1

𝑑𝑡

(6)

The largest share of consumed energy of about 45 % is used to drive the axes. Furthermore, the
fluidic systems require 44 % of the total energy consumption. The remaining 11 % are needed by
the auxiliary equipment, such as lighting, CNC control and pneumatic systems. Concerning the
fluidic systems the cooling lubricant system has the highest energy consumption with approximately 16 % of the total energy consumption of the machine tool. The cooling system and lubrication
system each use about 12 % of the total energy, and the smallest portion of energy consumption of
4 % is caused by the hydraulic system.
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Fig. 4. Distribution of energy consumption of DBF630 in no-load test cycle 1 [4]

As mentioned, the motor spindle was identified as the main heat source in the machine, so the
energy distribution in the cooling system has been examined in further detail. Therefore, additional
temperature sensors (thermocouples type T class 1) and flow sensors were installed. Figure 5
shows the position of the measuring points as well as the temperature characteristics for the test
cycle 2 [5].

Fig. 5. Temperature characteristics at different positions within the cooling system
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Due to the two-point control of the cooling unit all temperature profiles can be divided into three
phases: in phase 1 and 3 the cooling unit is off, while in phase 2 it is activated. The temperature
development in the electrical cabinet and the rotary table clearly differs from that in the motor spindle. At the electrical cabinet and the rotary table, the temperature difference between the outlet
(𝑇𝐸2 /𝑇𝑇2 ) and the inlet (𝑇𝐸1 /𝑇𝑇1 ) is about -0.75 °C, so the cooling medium is cooled while the components are warmed up. This phenomenon contradicts the real function of a cooling medium in a
cooling system. Only the main drive is cooled actively during all phases. Here, the outlet temperature of the cooling medium 𝑇𝑀𝑆2 is higher (∆𝑇 = 1,5°𝐶) than the inlet temperature 𝑇𝑀𝑆1 .
The functional principle of the cooling unit is similar to refrigerator and will not be explained further.
The used coolant in the cooling unit is R134a. With the aid of the measured temperatures and volume flow rates the heat flow and the thermal energy of the electrical cabinet, the rotary table and
the main drive (spindle) are calculated from equation (3 & 6) . Figure 6a and 6b show the heat flow
and the thermal energy for the electrical cabinet, the rotary table and the main drive (spindle) of the
cooling system.

Fig. 6. Heat flow & thermal energy in the cooling system calculated from the measured temperature values

In phase 1 and 3 the generated heat of the spindle is dissipated by the cooling medium, the
amount of the thermal energy is in phase 1 (230 kJ) and in phase 3 (651 kJ). However, the electrical cabinet and the rotary table are heated by the cooling medium, here is the amount of the
thermal energy in phase 1 and 3 ∆𝑄𝐸 (-99 kJ, -101 kJ) and ∆𝑄𝑇 (-280 kJ, -183 kJ), see Figure 6c. A
clear difference is recognized when the cooling unit is switched on in phase 2 between 𝑡𝑜𝑛 = 600 𝑠
and 𝑡𝑜𝑓𝑓 = 900 𝑠 . When the cooling liquid is actively cooled, the heat flow increases and all three
components transfer thermal energy to the cooling system and are cooled.
4. Model design for the simulation
4.1. Model structure and validation of the simulation result
Based on the first and second steps of the methodology (presented in Figure 1), a thermohydraulic model is developed with the help of the machine documentation and hydraulic plans of
the demonstration machine. Figure 7 shows the model structure of the cooling system, which was
implemented in the simulation. The cooling system consists mainly of a pump, flow control valves,
hydraulic pipes and a cooling unit. In the simulation each hydraulic pipe is modelled by a hydraulic
volume and a hydraulic resistance. The geometrical parameters (length, inner and outer diameter)
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of the pipes are directly taken from the machine documentation. Moreover, the heat transfer between the pipes and the environment is taken into account. The following equation is used to define the heat transfer coefficient:
𝑁𝑢 ∙ 𝜆𝐹𝑙𝑢𝑖𝑑
(7)
𝐿
With the aid of the flow rate, the kinematic viscosity and the inner diameter of the hydraulic pipes
the Reynolds and the Prandtl number are calculated. Depending on the pipes’ size in the demonstration machine the Reynolds number is about 4000 [6] and therefore, all further calculations can
be done for a turbulent flow.
𝛼=

𝑉∙𝐷
𝐴∙𝛾

(8)

𝐶𝑃 ∙ 𝜌 ∙ 𝛾
𝜆

(9)

𝑅𝑒 =

𝑃𝑟 =

𝑑𝑖
𝑁𝑢 = 0,0235 𝑅𝑒 0,8 − 230 1 +
𝐿

2
3

1,8𝑃𝑟 0,3 − 0,8

(10)

Fig. 7. Model structure of the cooling system

From the developed model the following temperature profiles for the electrical cabinet, the rotary
table and the main drive were calculated. The red lines in Figure 8 show the temperature development of the simulation and the blue ones of the measurement. TE1, TT1 as well as TMS1 are the input
temperatures; TE2, TT2 and TMS2 are the outlet temperatures of the electrical cabinet, the rotary table and the main spindle, respectively. The temperature development of the simulation is nearly
identical to the temperature development of the measurement. The modeled system and the considered structure in the simulation model behaves in the same way as the real machine.
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Fig. 8. Comparison of temperature development, simulation and measurement,
a) inlet temperatures, b) outlet temperatures

4.2. Simulation-based optimization of cooling system
The work in this part focuses on further development of the complete structure of the fluidic tempering systems. The distribution of energy consumption shows, that the energy demand of fluidic
systems is about 44 % of the total energy consumption in the machine tool. There is major potential to improve the function of the fluidic systems. Furthermore, the investigation of the DBF630
depicts that sufficient cooling capacity exists but, however, the cooling is insufficiently adjusted to
the process and to the individual demand of the machine components. In order to address this deficit, it is necessary to think about new concepts and new structures of fluidic systems.
At this point, two different strategies can be derived. On the one hand the system structure can be
decentralized (see Figure 9), which can be very helpful in the case of the cooling system. The decentralization allows an adequate supply and, thus, an appropriate temperature control of each
individual component. A similar approach (decentralization of system) is taken in the domain of
electrical engineering, for example by using more flexible and smaller electrical cabinets and power
supplies. So the components of the machine can be controlled individually [7].
On the other hand the system structure can be centralized. For example by centralization of supply
units by using one hydraulic pump for both, the parallel pressure build-up in the cooling lubricant
system and in the lubrication system. So this method has a large potential to minimize the energy
demand of the machine tool and, therefore, to reduce the heat introduced into the machine because of energy losses. These two different approaches are investigated in order to find the best
solution. It is expected, that a combination of both approaches delivers the best solution regarding
the lowest power demand and power losses in the fluidic systems.
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Fig. 9. New concepts of decentralization for adequate supplies of various consumers [8]

5. Summary
In conclusion, three major results were described in this paper. Firstly, with the help of the experimental investigation, new knowledge about the thermal behavior as well as the distribution of
energy consumption of the demonstration machine and in particular of the cooling system was
gained.
Secondly, using the existing machine documentation and circuit diagrams, a system structure of
the cooling system was derived. The developed network model (lumped parameters) was implemented and parameterized in the simulation. Afterwards the simulation model was successfully
validated against the measured temperature profiles.
Thirdly, the simulation model was used to develop optimized concepts for the fluidic systems. Further considerations are on the one hand to test the existing network model at different operating
modes, e. g. a production process, and on the other hand the test of new concepts for adequate
supplies of various consumers with the aim of ensuring a uniform temperature distribution within
the machine tool at minimal energy consumption.
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Abstract: The largest energy reserves are stored in the oceans - a large area of water currents
continuously moving and covering about 71% of the planet’s surface. The Planet Ocean has a
huge energy potential that can be employed to produce electricity. The main sources of the ocean
energy considered, at least in the current technical level, refer to: tides, currents, waves,
temperature differences of the seawater layers. some technical solutions have been developed for
wave energy capture devices at conceptual level. These solutions are protected by six patents.
Future development is expected based on these inventions, namely, laboratory samples and their
testing in laboratory conditions.
Keywords: wave energy, conversion systems
1. Introduction
If at the end of the nineteenth century the most widespread energy used – the electricity - had an
auxiliary and insignificant role in the global energy balance, then in 1930 about 300 billion kWh of
electricity were produced in the world, and in 2004 this figure reached 21000 billion kWh [1]. The
material and the spiritual level of mankind are directly dependent on the amount of the available
energy. The stringent laws of the nature state that useful energy can be obtained only by
converting it from other forms. The World energy structure analysis shows that 4 out of 5 kW are
obtained, in principle, using the same method by which the primitive man heated himself, that is by
burning fuel, or by using its chemical energy converted into electricity at power plants. Of course,
fuel combustion methods have become much more perfect.
But the largest energy reserves are stored in the oceans - a large area of water currents
continuously moving and covering about 71% of the planet’s surface. The Planet Ocean has a
huge energy potential that can be employed to produce electricity. The main sources of the ocean
energy considered, at least in the current technical level, refer to: tides, currents, waves,
temperature differences of the seawater layers. The first mathematically documented explanation
of the tidal forces was done in 1687 by Isaac Newton in his work “Philosophiae Naturalis Principia
Mathematica”. Tides occur regularly in certain coastal areas of the planet at amplitudes reaching
sometimes 14-18 m, resulting in slow oscillations of the sea water level.
Among the clean and non-pollutant energy sources, the wave energy of sea and ocean is one of
the most abundant to take advantage of. The wave energy potential is estimated at 219 giga-watts
along the coast of the European Union, or more than 180 TW/h per year [1]. Over the years,
various devices have been designed to extract the wave energy, exploiting the lifting force of the
waves with floating bodies.
Although Moldova does not border a sea or an ocean, the topic is of interest primarily in terms of
international cooperation. Taking into account the importance of the topic, research is conducted at
the Centre for Renewable Energy Conversion Systems Design (CESCER), at the Technical
University of Moldova. Research is at an early stage. In this respect, some technical solutions have
been developed for wave energy capture devices at conceptual level. These solutions are
protected by six patents. Future development is expected based on these inventions, namely,
laboratory samples and their testing in laboratory conditions.
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2. 2. Wave energy conversion plants
2.1. Fixed tower plants and floating bodies
Such devices are part of the coastal power plants based on the use of a fixed tower and some
floating bodies that are linked to the tower via a swivel connection. Further on, two patented

Fig. 1. Unit for wave energy conversion.

technical solutions will be considered. The installation (Fig. 1) [2] shows a plant, in which spherical
or cylindrical floating bodies 1 and 2 are placed on both sides of the fixed tower 3 and are jointed to
the tower by means of two arms 4 and 5. Since arms 4 and 5 are driven by the floating bodies 1
and 2 into alternate rotational motion with different directions, a motion adder, with bevel-gear
wheels 6 and 7, was designed to sum up these motions; bevel-gear wheels are linked rigidly to the
arms 4 and 5 (fig. 2).
At a certain wave period, the body will make a motion equal to the height of the wave (amplitude).
The lifting force developed by the floating body at its
vertical motion is determined by the Morison’s
equation:

dF  

Fig. 2. Adder of alternate rotational motions
and their conversion to one-way motion

D

CM v 2  DCD v v,
4
2

(1)

where D is the diameter of the floating body,
ρ is the fluid density;
v is the upward velocity of the floating body;
CM and CD – are the coefficients that depend on
the geometrical shape of the body, Reynolds
number and Keulegan–Carpenter number (can be
defined empirically, experimentally or by CFD
computer simulation).
Next, the summary force F1, developed by the
floating body 1, will be transmitted to the gear
segment 5 via arms l1 and l2:

F5  F1
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The moment of torsion developed by this force will be transmitted to the electric generator 8
through the gearing 6 and the multiplier 7. Alternate rotational motion of the rods 7 and,
respectively, the gear segment 5 is transformed and multiplied by gearing 6 and multiplier 7 into
continuous rotational motion, which is transmitted to the electrical generator 8. The wave energy is
pulsating in rather wide limits and its frequency is high - from 1-2 seconds to 10-20 seconds. In this
case, the normal operation of the plant needs a flywheel. In general, the wave energy is constant
for a long period of time (several hours). In order to reduce rotational non-uniformity of the
electrical generator rotor 8 and to improve the quality of the produced power, the flywheel 10 is
mounted on the multiplier 7 output shaft. The proposed solution is advantageous as its
construction is simple, easy to maintain and very efficient. Due to the provision of an arm driving
the wave lifting force, a multiplied moment is transmitted to the input shaft that ensures an increase
of the transformed energy.
2.2. DUCK-type wave energy device
This is another floating wave energy device based on the use of several floating bodies linked by
hinged joints. The operating principle of this wave energy device was described in p.7.4 of this
chapter.
The device shown in fig. 3 [3]
is a version of the DUCK wave
energy device; it includes the
floating bodies 1, mounted on
the fixed shaft 2 (fig. 2), which
is anchored by anchoring
cable 3. The floating body 1
includes an oval casing 4,
made of plastic; its submerged
part is bigger than the outside
part. The casing 4 is located
on a fixed shaft 2 with limited
possibility
of
alternative
rotation towards it. On the
shaft end 2 a disk 5 and a bar
Fig. 3. Floating unit for wave energy conversion (DUCK-type).
with two holes executed at a certain distance are installed
through which the anchor cable 3 is passed. The centre of
buoyancy of the “DUCK” floating body is shifted to its
bottom by filling it with solid material. A summary
mechanism of alternative rotational motions, called adder,
is placed in the casing 4.
The adder (fig. 4) includes a bevel wheel 6 geared with
the bevel pinion 7; on the inner flange of the pinion the
toroidal surface 8 is made. Disks 9 and 10 enter in contact
with the toroidal surface; their axles are linked to the
sleeve 11, fixed rigidly on the casing of the electrical
generator 12. Disks 9 and 10 contact with their
diametrically opposed sides with the toroidal surface of
the friction wheel 13. The inertial mechanism 14, linked
kinematically via a system of levers with the disk axles 9
and 10, is fixed on the wheel hub 13 linked rigidly to
electrical generator rotor 12. This inert mechanism
provides homogenisation of rotational speed of the friction
wheel.
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The wave linear theory shows that the
motion of a point on the wave surface is
sinusoidal. At wave travelling to a
certain wave length λ in the indicated
direction (fig.3,4), the floating body 1
performs alternate rotational motion
around the fixed shaft axis 2. The wave
period T that moves a point can be
expressed by:

T

Fig. 5. Adder of alternative rotary motion, based on the use
of bevel-gear transmission and friction toroidal speed
variator

2
g

,

(3)

where λ is the wavelength (m).
The power contained in a wave can be
expressed by the following expression
depending on the wavelength (kW/m):

g 2 a 2T
P
,
8

(4)

where a is the wave amplitude (m).
This potential energy of the waves can be converted into electricity by using floating bodies (Fig.
3). Rotational motion ω1 of a floating body 1 generated by the wave and the rotational motion ω2 at
its coming back under the action of the counterweight is transmitted to the rotating casing 4 of the
adder (Fig. 4), where these two alternate rotational motions are summed up in a one-way rotational
motion.
In the adder shown in fig. 5, the rotational motion of the conical pinion 6 is transmitted via disks 9
and 10 to the friction wheel 13 and, further on, to the electrical generator rotor,12. Summary gear
ratio is equal to:

i  i 1  i2var ,

(5)

R13var
,
R7 var

(6)

where

i2var 

but R13var and R7var are contact radiuses of disks 9 and 10 with toroidal surfaces of the friction
wheels 7 and 13.
In the result, the gear ratio will change and
the electric generator rotor speed will
become uniform. Adder kinematics allows
partial equalization of summary angular
velocity components values of the electrical
generator rotor composed of ω1 and ω2
components, and thus improve the quality
of generated electricity.
In the wave energy capture plant [4],
unlike the previous facility, the returning of
Duck bodies 1 to the original position is
done through a system of curved elements
2 placed between the flange of the rotating
Fig. 6. Adder of alternative rotary motion based on the
disc 3 and the fixed part 4 (fig. 5).
use of planetary precessional transmission.
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A portion of energy stored in these curved elements at their decompression brings back the DUCK
elements into the initial position (previous to the wave action). Summing up of alternative rotational
motions is performed by an adder based on the use of coaxial planetary precessional transmission
18 in several steps and of a one-way clutch system (fig. 6). This system leads to partial
equalization as value of the summary angular speed components of the crank shaft and to the
improvement of the produced electrical current quality, as well.
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Abstract: Innovation in the field of material development increased continuously in the last decade
and this trend tends to, at least, to maintain at this level. Innovation is also supported by national
(UEFISCDI and ANCSI) and international (Horizon 2020) programs and competitions of research
projects. The need for new, complex, dedicated etc. materials is a request that comes from both
manufacturers who want to overcome their competitors, gain a larger market share and sometimes
seize new markets but also from the consumers who require dedicated materials for their
application and based on that, deliver more reliable, cheaper and competitive products. The most
dynamic markets regarding new materials are the automotive, aerospace and nuclear industries.
Material testing represents the only way to know and understand how materials will behave in
certain or in various situations or operations. Information gathered and analysed from material
characterization helps in reaching all the purposes mentioned above from both perspectives –
manufacturers and customers. The objective of this paper is to underline the general importance of
material characterization. Also, it identifies the opportunities of knowing the proprieties of materials
for better usage, calculating the working lifetime, reducing costs etc. The case study describes how
analytical and comparative analyses are carried out, in order to show the behaviour of the seals.
Keywords: pneumatic seals, ionizing radiation, FTIR, Raman, TG/DSC
1. Introduction
In today manufacturing market, there is a real and aggressive competitiveness increased by the
financial crisis. In search for profit and sometimes for survival, companies change their market
strategies and approaches, production, policies, objectives, diversify products etc. in order to
maintain their market share at least, if not to increase it. Innovation in the field of material
development increased continuously in the last decade and this trend tends to, at least, to maintain
at this level. Innovation is intensively supported by national (UEFISCDI and ANCSI) and
international (Horizon 2020) programs and competitions of research projects. These project calls
offer non-refundable funding either for join programs between SMEs and research institutes and
universities or single participant program. Also, there are project calls which finance the
construction of laboratories and acquisition of research and testing equipment. These programs
give access to non-refundable funds to sustain research in new material development.
The need for new, complex, dedicated etc. materials is a request that comes from both
manufacturers who want to overcome their competitors, gain a larger market share and sometimes
seize new markets but also from the consumers who require dedicated materials for their
application and based on that, deliver more reliable, cheaper and competitive products. The most
dynamic markets regarding new materials are the automotive, aerospace and nuclear industries.
Material testing represents the only way to know and understand how materials will behave in a
certain/various situations or operations. Information gathered and analysed from material
characterization helps in reaching all the purposes mentioned above from both perspectives –
manufacturers and customers. So, the basic reason for material testing is to evaluate its behaviour
under the requested conditions. Material testing is regulated by numerous standards, national e.g.
RO ISO, DIN ISO, ASTM, AFNOR ISO etc. and international, ISO, regardless of testing type and
third party organizations. In most cases, choosing a testing standard is easy and it is based on
what characteristic is investigated. This basically requires a standard material which is used in
standard applications. The problem appears when neither or one of the test and material are not
standard. This is the case of typical new materials and/or applications. For example, in nuclear
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industry there is a constant research of new materials that will resist to high radiation doses and
maintain their basic functionalities, especially in nuclear facilities and radioactive waste
management. The list continues when an atypical process is used for existing materials e.g. the
preservation of cultural heritage (leather, textile, paper materials) that are treated with gamma
radiation in order to be decontaminated of fungi, bacteria, mould etc. In this case, there is no
standard that characterize the behaviour of these materials under the effect of ionizing radiation.
Under these aspects material testing gains an important and indispensable role in day to day
activities helping material science to further develop.
2. The role of material testing
In order to manufacture a product there is the need to select the material or mix of materials
needed. The selected composition will be processed in order to obtain the final product. Because
of this process which implies material processing, it is imperative to analyse the input
characteristics against the final output. For example, in a basic plastic material, the base polymer is
mixed with various amounts of anti-oxidants, processing aids, plasticizers etc. [1]. This final mix
plus the production technology influences greatly the behavioural characteristics of the final
product. Taking into account that manufacturers use their own technologies, the final products
have different characteristics in service even if they are manufactured under the same ISO. This is
one reason for testing, establishing the final characteristics and identify the differences between
two similar materials. The results help in choosing the optimum product/material for a given
process.
Evaluation of material characteristics depends on the type of the test that is conducted. That is why
is very important to know from the start that the results are relevant to the material application and
usage. In practice this is called test method validation which is the documented process of
ensuring a test method is suitable for its intended use [2]. It involves establishing the performance
characteristics and limitations of a method and the identification of influences which may change
those characteristics [2].
Beside selection of tests, there is always the question if the chosen test is in fact the right one. For
example, it is important that a material will withstand a particular load so a loading test will be
conducted in order to evaluate its resistance to a loading force according to a designated standard.
Identification of the optimum test is vital for the correct choosing of materials. In this way, only the
needed characteristics will be evaluated for material behaviour.
Material characterization implies the use of numerous tests from different categories: chemical,
electrical, structural, thermal analysis, surface characterization etc. There are also mechanical
(strain, elongation, stress etc.) and analytical (FTIR, ICPMS, XRF, SEM, RAMAN etc.) tests, both
destructive and non-destructive. When the material or product plays an important role in process, it
is recommended that the initial test to be validated by a complementary one, in order to obtain
accurate interpretation of results. This approach is supported by the fact that failure in process can
determine either stopping of the manufacturing line or worst, production of non-conform products.
These accidents imply high costs, especially in domains that rely on big and continuous production
size. This is another reason to material testing, thus confirming and supporting the results, if
possible, through another type of test.
Regardless of the information given by the material or product manufacturer, material testing
should be conducted in order to take into consideration the particularities of the production
conditions like dust, moisture, temperature etc. Also, temporary conditions like working in high
temperature should be taken into consideration thus testing the materials as close to the real
environment. Although it is rather difficult to simulate the exact condition of process, a much easier
approach is to conduct failure analysis and establish the critical parameters that will break down
the material.
Sometimes, a simple material testing can be used to determine if the product has changed some of
its generic characteristics. Take for instance, the case when a customer has a long time products
provider. Even if the product is basically the same, due to some changes in providers‟
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technological process and mix of materials, it can result in different and important material
characteristics and behaviour.
In conclusion, materials need to be tested, in general, in order to predict their behaviour under
given circumstances and in particular for research and development purposes.
3. Case study: analytical tests for piston seals
The tests have two objectives: first is material identification and second is material characterisation
before and after irradiation.
The tests were conducted on a Bruker FT-IR spectrometer, Vertex 70 class equipped with: FT-ATR
Platinum module, spectral dominium 4500-500 cm-1 and spectral resolution of 4 cm-1 and Raman
module, RAM II for non-distructive analysis, power 1 ÷ 500 mW, resolution 1mW, spectral
domenium 4500-500 cm-1, spectral resolution 4 cm-1 and 64 scans.
1. Material identification: was done using FT-IR Spectroscopy – ATR (Attenuated Total
Reflectance) and RAMAN spectroscopy analytical techniques. This type of compound is a linear
co-polymer, alternatively divided in “hard” and “soft” segments. “Hard” segments are rigid
molecules with high polarity while “soft” segments are flexible molecules and low polarity [3].
In figure 1 it is shown the spectrum of the seal (in black color) and the specter of polyurethane (in
blue color) from Bruker polymer data base. The appropriate shape of bands indicates the material
as being thermoplastic polyurethane (TPU). The small differences are caused by the particular
recipe of the seal. In addition, the spectrums were verified against literature results. FT-ATR
spectrums identified bands characteristic to polyurethane, through functional groups and its
vibrational modes (stretch vibration N-H at 3331 cm-1, stretch vibration C=O at 1729 cm-1 and at
1704 cm-1) [4], [5], [6]. Also, the presence of bands at 1597 cm-1 and 1414 cm-1 stretching vibration
which are characteristic to aromatic rings, probably from chromophore, indicate polyurethane [7].
Another band from the ATR spectra which indicates the presence of urethane group is attributed to
stretch vibration C-N (amid II band) and vibration of deformation N-H) and found at 1531 cm-1 [8].

Fig. 1. Analysed seal spectrum (black) and TPU data base spectrum (blue)

The seal‟s FT-Raman spectrum is shown in figure 2. Identification of polyurethane characteristics
bands were made using speciality literature. There were identified the following polyurethane
characteristics: stretch vibration of =C-H from the aromatic cycle at 3065 cm-1 and deformation
vibration at 1184 cm-1 [8]. Symmetric and asymmetric stretch vibration of C-H from –CH2 is present
at 2917 cm-1 and 2871 cm-1 [8]. Also bands characteristic to stretch vibration of C=) from ester and
urethane at 1731 cm-1 [9]. The presence of aromatic cycle is observed at 1615 cm-1 through stretch
vibration of C=C [9], [10]. Deformation combined vibrations of N-H grouping and stretch vibration
C-N (amid II band) are assigned to band 1536 cm-1 [8], [10]. Urethane grouping from amid band IV
appears around band 1255 cm-1 through coupled vibrations C-N/C-O [7].
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Fig. 2. FT-Raman spectrum

2. Material characterisation before and after irradiation. There were used three analytical
techniques: FT-ATR, TGA (thermogravimetric analysis) and DSC (differencial scanning
calorimetry).
The seal was irradiated at a dose rate of 1 kGy/h to 1.5 kGy/h. The total dose received is around
3000 kGy. Polyurethane has a tolerance level to radiation of 10000 kGy [11]. The exact value of
dose rate and total dose is not relevant in this case because the purpose of this study is to show
how analytical and comparative analysis are carried out.
In figure 3 a) it is shown the non-irradiated seal and in fig. 3 b) the irradiated seal. The visual effect
of radiation is the change in colour from green to brown.

Fig. 3. (a) non-irradiated seal

Fig. 3. (b) irradiated seal

Spectroscopy analysis using FT-ATR and Raman are complementary tehniques. Infra-red
spectrums offer important information about the vibrations which accompanies the molecule dipol
momentum changes. FTIR spectrum contains information regarding the presence of functional
grouping/types of molecular bonds. Raman spectrums offer information about vibrations
accompanied by the modification of molecular polarisability. Vibrations from the IR spectrum are
usualy weak in Raman spectrum and strong in FTIR spectrum. From the qualitative point of view,
asymetric vibration modes have proeminent bands in IR due to polar bonding O-H and C=O while
in Raman spectrum appear vibrations involved in simetrical bonds, C=C and C-C.
FT-ATR technique was also used for comparison the spectrums of non-irradiated (in black color)
and irradiated (in blue color) seals (fig. 4).
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Fig. 4. FT-ATR spectrum comparison between non-irradiated seal (black) and irradiated seal (blue)

An important difference is the disappearance of band peak 1597 (present at the non-irradiated
seal) from the spectrum of the irradiated seal (fig. 5) which is characteristic to C=C grouping from
the aromatic cycle, indicating chemical changes and degradation of aromatic structure [4].

-1

Fig. 5. FT-ATR spectrums overlay showing band 1597 cm missing from the irradiated seal

For the irradiated seal, in the interval between 2950 cm-1 and 2850 cm-1 it can be observed a
decrease in band intensity, indicating a degradation of C-H grouping. Also, the decrease in
intensity (absorbance) of band 1729 cm-1, from 0, 39 to 0,24 (fig. 6 and fig. 7), can be explained by
the decomposition of the structure of aliphatic esters [5].
The irradiated spectrum has larger bands in the 3500-3000 cm-1 area and 1800-1550 cm-1 area
indicating effect of radiation [12], [13].
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Fig. 6. FT-ATR spectrum for non-irradiated seal

Fig. 7. FT-ATR spectrum for irradiated seal

The thermal simultaneous analysis TGA/DSC tests were carried out on Nietzsche Geratebau STA
409 PC Luxx. The analysis took place in an inert nitrogen atmosphere with constant temperature
rising of 10 K/min, from 200C to 5900C and 100 ml/min gas flow.
From both seals thermograms (fig. 8) there are three decomposition stages, correlated with seals‟
composition. For the non-irradiated seal, degradation starts at approximately 3170C with
decomposition at 3300C and mass loss of 7%, meaning that volatile compounds were created as a
result of “hard” segments decomposition [3]. The next stage is represented by the most mass loss
of ~74% at 4130C, being included depolymerisation and low polarity segment division [3], [14].
Complete decomposition finalises at 4680C.
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Fig. 8. Overlay TG/DSC curbs for non-irradiated seal (black) and irradiated seal (blue)

For the irradiated seal, degradation starts earlier at 2490C with decomposition at 2780C and mass
loss of ~9%. In literature it is reported an interval between 2500C and 3200C corresponding to
“hard” segments decomposition [3]. Second and third stages present maximum temperatures of
4200C and 4640C being attributed to “soft” segments like polyester, which decomposition
temperature is above 4000C [15], [16], [17]. The effects of radiation refer to an earlier scission of
molecular chains from “soft” and “hard” segments [18].
Thermal stability depends on chemical composition, chain length, the symmetry and distribution of
segments molecular weight [19].
4. Conclusions
Material testing is a very useful tool in evaluating the behaviour of materials and products. Its
results can and should be used for continuous assessment of manufacturing quality, improvement,
client satisfaction, innovation etc. These are the basis of choosing, changing, improving, innovate
etc. products and materials. Nevertheless, new materials can determine and support new
applications and even new working fields. A lot of work and knowledge is given to improve and
build new and higher performance testing machines and methods in order to evaluate more quickly
and accurate characteristics of materials. But these improvements come with a price. It is very
important to know how to choose the relevant tests, complementary tests, standards, machines in
order to correctly evaluate the material characteristics. The analyst must continuous evaluate and
research the best solutions (standards, methods, machines, literature etc.) in order to give a
relevant result and answer the exact question. In addition, the simulation environment should be as
close as to real working one.
The case study described a routine material identification request and an inter-comparison
between two seals, one being new and one being subjected to ionizing radiation. In this case, the
exact value of dose rate and total dose are not relevant because the purpose of this study is to
describe how analytical and comparative analyses are carried out. The chosen techniques showed
to be relevant and useful, highlighting the characteristics of both seals. Nevertheless, it showed the
importance of researching through technical and scientific literature in order to evaluate the results.
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Abstract: The paper propose is the design of an experimentally stand for students of Thermal
Equipment Systems (SET) engineering area within the Alba-Iulia extension of Technical University
of Cluj-Napoca. It is desire that the stand to serve several specialized disciplines in the curriculum
of the domain. The aim of proposed paper is to develop student’s technical knowledge,
measurement and control instruments skills, respectively thermal equipment.
Keywords: experimental testing stand, reciprocating compressor, pressure, thermal equipment
1. Introduction
The compressors are thermal generating machines, that carry out gas or vapor pressure increase
by consuming mechanical work for different industrial applications. The compressors can be
encountered in all industry branches: gas transport, turbine gas, refrigeration, drying, combustion,
heat pumps, operating the aggregates, adjustment and control systems, and so on [1]. The
incorporated compressor used at experimentally stand is volume piston type, operating in one
stage compression and it is powered by an electric engine, electrical energy is converted to
potential energy in air pressure [2]. Schematic diagram of the stand that indicated the components
and functioning of a reciprocating compressor is shown in figure 1.

Fig. 1. Schematic diagram of a reciprocating compressor [4].
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Moving parts: piston with related rigns and bolt, crank mechanism, intake and outlate valves and
crank mechanism, respectivelly the fix parts: cilinder and crankcase were are mounted the two
valves: inteke (SA) and outlate (SR) are presented in figure 1 [3]. The ambiantal air is used as
thermal agent. The main sizes that caracterised the compressor are shown in figure 2:
 total volume of the cillinder (V1) is the volume between the cilinder and crankcase, when in
top dead center (Pms);
 dead space volume (V3 or Vm) is the cillinder volume between crankcase and piston, when
in bottom dead center (Pmi);
 stroke volume or cylinder capacity (Vc) is the cillinder volume between the two extreme
positions of the piston: bottom dead center and top dead center;
 suction volume (Va) provided by the opening intake valve between points 4 and 1.

Fig. 2. The operating cycle and the basic characteristics of the compressor [1]

The purpose of this paper consists in designing of an interdisciplinary experimental stand that can
be used in order to lead trials determination for disciplines: thermodynamics, compressors and
fans, gas dynamics, hydraulics and pneumatics operating. Using this stand in the mentioned
disciplines will admit the determination of the following: temperature, pressure, flow rate,
compressor power, pressure ratio, the degree of volumetric compression, filling degree, flow rate
efficiency, flow rate curve depending on pressure ratio and establishment of maximum work
pressure.
The aim to follow in the proposed laboratory work carried out on this stand is students assimilation
of theretical concepts regarding the reciprocating compressor, the operating of the used stand,
knowledge the measurement instruments that equipe the experimental stand, working mode and
procesing procedure and results interpretation.
The proposed and presented testing stand in this paper, give suport for the students, in purpose to
develop students technical knoledge, measurements and control instruments utilization skills as
well as thermal equipments.
The design theme constitutes in implementation of this stand and the development of practical
application designed to monitor the parameters and the characteristics of reciprocating
compressor.
2. Experimental setup
From the need to improved student’s technical skills regarding the components and compressors
functioning in thermal systems field, usage of measurements and control instruments and all so
study of heat transfer, respectively the air flow in the cooling system corresponding to compressor,
it is submitted the design of this interdisciplinary experimental stand.
Experimental stand will consist of a reciprocating compressor powered by an electric engine, a
pressure vessel, a calibrated tank and the following measurements and control instruments:
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thermometers, manometers, rotameters, wattmeter, timer, valve, safety valve and discharge valve.
The scheme of experimental stand is shown in figure 3.

Fig. 3. The scheme of experimental stand
1 - wattmeter; 2 - electric engine; 3 – compressor; 4 - pressure vessel; 5 – rotameter; 6 – manometer;
7 – thermometer; 8 – timer; 9 – valve; 10 - calibrated tank; 11 - safety valve; 12 -discharge valve.

Among the scientific trial works that may carry out on this stand, are presented below two of this:
 establishment of maximum work pressure for the reciprocating compressor,
 drawing flow rate curve depending on pressure ratio.
After the compressor is turned on and adjusted to normal standard operating state, the following
measurements can be read for both laboratory work:
 barometric pressure that is equal to the suction pressure;
 intake air temperature;
 air fllow rate discharge.
For calibrated tank are established initial and final pressure in order to carried out measurements.
It is required that the diferential pressure between calibrated tank and pressure vessel to be at
minimum 1 bar. The following parameters are recorded, maintaing a constant discharge pressure
in the pressure vessel using the valve.
 compressor power;
 initial parameters for pressure and temperature at the inlet of calibrated tank, starting the
timer simultaneously;
 clock until the final value of the chosen pressure is reached, than read the final temperature.
For different pressure values achieved in calibrated tank the measurements are made
again, noting each time measured values, mentioned above.
Based on the results are drawn:
 for the first proposed paper maximum work pressure for the reciprocating compressor
(Fig. 4). In order to determine the maximim pressure, for a one stage reciprocating
compressor the aspirated volume of gas and volumic coefficient (filling degree) it is
imposed to be zero, therefore the flow rate is also zero. It can be noted the gas inside
the copressor`s cilinder is compressed and expand by the same curve. Concludes that
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the value of discharge pressure (Pr) must be strictly lower than P2max. Increasing the
compression ratio respectively, the discharge pressures will modify the operating cycle
of the compressor, in order to reduce the volume of suction gas leading to reduction of
circulated gas. Decreasing aspirated gas volume due to gas expansion remained
occupies a larger quantity performed by the piston stroke [5]. Compression ratio
significantly affects the volume coefficient namely filling degree.
 for the second proposed paper flow rate curve depending on pressure ratio (Fig. 5). Note
that as the compression ratio increase, air mass flow ratio decrease. Theoretical volume
flow rate represents a parameter choice for compressors. So, in order to choose a
compressor from producer catalogs must provide a theoretical volume flow rate at least
equal to the computed value of this parameter.

Fig. 4. Establishment of maximum work
pressure [1].

Fig. 5. Mass flow rate curve depending on pressure
ratio [1].

3. Conclusions
The interdisciplinary experimental stand aimed to develop the technical knowledge of students
from Alba-Iulia extension of Technical University of Cluj-Napoca, major in Thermal Equipment
Systems (SET).
The focus is on acquiring theoretical and practical knowledge concerning the reciprocating
compressors, the stand designed as well as learning the working principle of measurements and
control instruments.
For a better understanding and a proper learning experience for the students of the phenomena of
gases flow, as well as covering a larger field from the curriculum, the future interest of the
researcher is to improve and extend this experimental stand.
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Abstract: The influence of the frequency and duration of pulses on laser marking process of
articles of steel 08X13 was studied. Has been used a disc laser – a contemporary laser, operating
in the near infrared area. Dependencies on contrast of marking from frequency and duration of
pulses for two power densities were received. The results are analyzed and summarized.
Keywords: disc laser, laser marking, steel 08X13, contrast, frequency, duration of pulses, power
density.
1. Introduction
The globalization of the production and trade sets new requirements for marking of the products
which are marketed. Damage that to the products information must comply with the requirements
of EU legislation and it is often associated with requirements for protection of consumer health,
safety and environmental protection. In recent years, extremely increased role of the marking as a
guarantee of counterfeits and protecting the intellectual property of the manufacturer. Basic
requirement onto the marking is to possess the necessary contrast and store information
throughout the exploitation. This largely applies to industrial products with applications in
hydraulics - hydraulic pumps, hydraulic presses, pistons and others. In recent years for these
products is used the laser marking - an innovative method with several advantages over other
methods. This technological process is not yet fully studied for the different lasers and the
materials from which products are made [1 - 4].
Purpose of the report is to examine the impact of the frequency and duration of pulses on process
of laser marking by melting of steel 08X13 (EN 1.400) through disc laser and to determine work
intervals for the frequency and duration of pulses for this steel.
2. Theoretical aspects
As is known, the main modes of work of the lasers are continuous and pulsed mode. Preferably is
the lasers for marking is to work in pulsed mode. In it essential are pulse power Pp , pulse energy

Е p , duration of pulses  and frequency  . They relate to the average power P of the laser with
the expressions

P  Pp ,
P  Е p

(1)
.

(2)

Contemporary lasers allow for conducting experiments in a very wide range of variation in the
frequency and duration of pulses. There is a relationship between laser parameters from
constructional character of certain lasers [2].
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3. Material
Stainless steel 08H13 is with widely used in industry. It is used for making hydraulic pumps, parts
with high ductility, subject to impact loads (valves of hydraulic presses, household items), as well
as products that are exposed to slightly aggressive media (precipitation, aqueous solutions of salts
of organic acids at room temperature, and others), blades of steam turbines, valves, bolts and
pipes.
The hydraulic pumps manufactured from this steel, are used to transport wine, ethyl alcohol,
methyl alcohol, strong alcohol, beer, vinegar, vegetable oil, viscous and foaming liquids, sludge,
crushed grapes, grape mess, fruit purees, natural juices, nectars, syrups and others [8 – 10].
The chemical composition of steel 08H13 is presented in Table 1 [6]. It gives the impression the
large chromium content, which is a alloying element. In Table 2 are given some basic parameters
of steel 08X13 [6, 7]. It may be noted that the coefficient of thermal conductivity have not great
value.
TABLE 1: Chemical composition of steel 08X13
Chemical element

C

Si

Ni

Mn

< 0.08

< 0.80

< 0.60

< 0.80

S

P

Cr

< 0.025

0.03

12.0 ÷ 14.0

Content, %
Chemical element
Content, %

TABLE 2: Certain parameters of steel 08X13
Parameter

Value

Thermal conductivity k, W/(m.K)

28

Specific heat capacity c, J/(kg.K)

462

Density ρ, kg/m

3

7760
2

-6

Thermal diffusivity a, m /s

7.81.10

3. Laser technological system
Laser technological system with disc laser, are used. It is a laser, operating in the near infrared
region and is in pulse mode. This makes it suitable for the process of laser marking on metals and
alloys. It has a number of advantages in comparison with much part of the lasers, used in industry.
He has a very good quality of beam, small diameter of beam and high efficiency. Laser system is
with extremely accurate positioning and good repeatability on the inscriptions. In Table 3 are given
some basic parameters of the laser technological system [11].
TABLE 3: Certain basic parameters of the laser technological system
Parameter

Value

Wavelength λ, nm

1 064

Power P, W

16.0

Diameter of work spot in focus d, µm

30.0

Frequency ν, kHz

5-50

Duration of pulses τ, µs

1.0 –10.0

Pulse energy Ep, mJ

0.32 – 3.2

Pulse power Pp, kW

0.032 – 3.2

2

Beam quality M

< 1.2

Positioning accuracy, µm

2.5

Efficiency, %

35
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4. Experimental results and analysis
A great number of experiments to study the process laser marking by melting on stainless steel
08X13, were conducted. It was used raster method of marking. The test fields, consisting of
squares with a side of 5 mm, were created. The squares were marked with different durations of
pulses and different frequency.
Duration of pulses is changed in the interval τ Є [1.0; 10.0] µs with step 1.0 µs. Two graphs of the
dependence on the contrast from the duration of the pulses for two power densities are shown in
figure 1: qS1 = 1.95.1010 W/m2 и qS2 = 2.26.1010 W/m2 (fig. 1). Of them can draw the following
conclusions:


By increasing the duration of the pulses was observed weak and non-linear decrease the
contrast. It is explained by the fact that with the increase of the duration of the pulses
reduces the pulse power. Furthermore, it is increased the losses from heat conduction;



The average fastness on reduction of contrast is

– 1.22 %/ µs for power density qS1 = 1.95.1010 W/m2;
– 1.53 %/ µs for power density qS2 = 2.26.1010 W/m2.


The following work intervals for the duration of the pulses were determined

– τ Є [1.0; 4.0] µs for power density qS1 = 1.95.1010 W/m2;
– τ Є [1.0; 10.0] µs for power density qS2 = 2.26.1010 W/m2.
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Fig. 1. Graphs on the dependence on the contrast from duration of the pulses for two power densities:
10
2
10
2
1 – qS1 = 1.95.10 W/m ; 2 – qS2 = 2.26.10 W/m .

The frequency of repetition of the pulses is changed in in the interval ν Є [5.0; 50.0] kHz with step
5.0 kHz. Two graphs of the dependence on the contrast from frequency for two power densities
densities are shown in figure 2: qS1 = 1.67.1010 W/m2 и qS2 = 2.09.1010 W/m2 (fig. 2). From their
analysis follows:


With the increase in frequency is observed nonlinear increase of contrast. In the interval
ν Є [5.0; 20.0] kHz curve is steeper than in the interval ν Є [20.0; 50.0] kHz;



The average fastness on increase of contrast in the interval ν Є [5.0; 20.0] kHz is

1.20 %/ kHz for power density qS1 = 1.67.1010 W/m2;
1.41 %/ kHz for power density qS2 = 2.09.1010 W/m2.
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The average fastness on increase of contrast in the interval ν Є [20.0; 50.0] kHz is

0.383 %/ kHz for power density qS1 = 1.67.1010 W/m2;
0.351 %/ kHz for power density qS2 = 2.09.1010 W/m2.


The following work intervals for frequency were determined

ν Є [9.0; 50.0] kHz for power density qS1 = 1.67.1010 W/m2;
ν Є [16.0; 50.0] kHz for power density qS2 = 2.09.1010 W/m2.
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Fig. 2. Graphs on the dependence on the contrast from frequency for two power densities:
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1 – qS1 = 1.67.10 W/m ; 2 – qS2 = 2.09.10 W/m .

5. Conclusion
Laser marking is a stage from manufacture of the products. For optimization of the studies process
for this steel it is necessary to investigate the influence of other important process parameters such
as power density, speed, number of repetitions and defocusing. For this is necessary, experimental
studies with disc laser to be continued. The results will help operators of laser technological
systems, used in the industry.
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Abstract: This paper represents a project proposal submitted in PNCDI III- Programme 2
Subprogramme 2.1 - Research, Development and Innovation - Project experimental –
demonstrative, with number PN-III P2-2.1-PED-2016-0309.
Actual materialization of the concept of automatic land leveling against a laser benchmark plane,
horizontal or inclined, emitted by a rotating laser generator, leads to substantial fuel savings and
low material / labour costs. At the same time accuracy of leveling increases, as maximum deviation
compared to the benchmark plane is of ±2cm, and reduced soil compaction, due to reducing the
number of crossings for the navvy machine, promotes environmental protection.
Automatic leveling against a horizontal or inclined laser benchmark plane is increasingly used on
construction sites for: water supply, irrigation, land reclamation and construction of highways,
railways, airport runways, buildings, dams, earth banks, et al. Such leveling can be done only after
in the structure of navvy leveling machines there are embedded automated mixed systems, with
laser-hydraulic parts. Integration is a slow and expensive process, because of the possibility of
testing the embedded system only while on the machine, in the presence of a land parcel “to be
sacrificed”.
This project, falling into the smart specialization domain "Energy, Environment and Climate
Change", proposes the development of a demonstrator product, type 3-axis electrohydraulic
tracking system (D3A), able to test, in laboratory conditions, the system to be embedded. This
project would be the follow-up of own previous research completed with a single-axis
electrohydraulic tracking system (D1A).
The demonstrator (D3A) will be able to simulate both land unevenness and orders sent to the
blade/ bucket of the navvy machine so that the latter could perform leveling against a programmed
laser benchmark plane, inclined in one or two directions.
The project will involve a research-development institute, holding 55 years of experience in the field of
fluid power systems, (CO), and also a university research center, with important achievements in the
theory and concept of industrial electrohydraulic servomechanisms, (P1).
Keywords: hydraulic servomechanisms, 3-axis tracking system, laser benchmark plane, navvy
leveling machine.
1. Introduction
Thanks to quality and precision of land leveling, achieved with substantial energy savings and
environmental protection, the concept of automatic land leveling against a laser benchmark plane
is increasingly materialized in use on construction sites for: water supply, irrigation, land
reclamation and construction of highways, railways, airport runways, buildings, dams, earth banks,
et al.
Capability of a navvy machine to work in automatic mode is usually acquired after the equipment is
manufactured, by embedding in its structure complex systems, of the type consisting of worldwide
known laser equipment, which are specific to geodetic measurements, and electrohydraulic distribution
systems, which are specific to fluid power.
Project Scope is to develop and test a demonstration model, able to verify, in laboratory
conditions, the operation of laser-hydraulic systems intended to equip the navvy leveling machines,
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in order to acquire quality to operate in automatic mode, against a laser benchmark plane which
could be a horizontal one or a plane inclined in one / two directions.
2. State-of-the-art; Project General Objective
State-of-the-art in the field of this project is marked by three important stages (milestones):
Stage 1. Global leaders on the market for development of precision positioning equipment, namely
TOPCON, in Japan, APACHE and SPECTRA PRECISION in USA et al., in collaboration with
manufacturers of mobile machines and manufacturers of electrohydraulic distribution equipment,
switched to the implementation of mixed laser-hydraulic systems into the functional structure of the
navvy machines.

Fig. 1. Laser emitter.

Fig. 2. Laser
receiver.

Fig. 3. Electronic
tracking and control
module.

Fig. 4.
Electrohydraulic
distribution block.

Stages 2-3. The main parts of the mixed laser-hydraulic systems, Figures 1…4, are installed on
the navvy machine, Fig. 5, and testing is conducted under real operating conditions, Fig.6.
1= Laser receiver
2= Electronic control
module
3= Selector of
operating mode:
manual or automatic
4= Hydraulic
distribution block
5= Laser emitter

Fig. 6. System adjustment and
testing.

Fig. 5. Installing parts on the machine.

Project General Objective is to capitalize some own research efforts - resulted in 2008 in a
demonstrator product type single-axis electrohydraulic tracking system necessary to test the laserhydraulic systems intended for the navvy machines that perform leveling against a laser
benchmark plane, Fig.7- in order to switch to the development of a testing device (type 3-axis
electrohydraulic tracking system) for laser-hydraulic systems intended for the navvy machines that
perform automatic leveling against a benchmark plane inclined in one / two directions.
Development of the demonstrator type 3-axis electrohydraulic tracking system, which is a novelty
compared to the international and national state-of-the-art, implies achieving five specific (phase)
objectives: O1: making an analysis study on the main types of hydraulic diagrams for driving the
working bodies, buckets or blades, specific to the navvy leveling machines; making an analysis
study on using TOPCON laser components, embedded in the functional structure of the navvy
machines in order to perform automatic leveling against a laser benchmark plane inclined in one /
two directions; O2: developing a mathematical model and a numerical simulation model of the
demonstrator dynamics; O3: designing and developing the demonstrator: O4: elaborating the
demonstrator testing procedure and the testing procedure for the system and the laserhydraulic components embedded in the functional structure of the navvy leveling machines; O5:
experimental identification of the demonstrator, validating the mathematical model and the
numerical simulation one.
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b)

a)

Fig. 7. Demonstrator type single-axis electrohydraulic tracking system, developed by INOE 2000-IHP
Bucharest: a) the demonstrator; b) equivalence between the demonstrator and the AMESim simulation
model.

Current situation of the proccess of embedding laser-hydraulic systems in the structure of the
navvy leveling machines is marked by some difficulties related to:
- inhomogeneous nature of the system components, which has three different manufacturers: one
for the machine, another one for the laser parts, and another one for the hydraulic parts;
- different price policies, in the interest of their own units, practiced by the three above mentioned
manufacturers, which often lead to an unreasonably high price for the final beneficiary of the
automated navvy equipment;
- the current fact that integration of the mixed laser-hydraulic systems into the functional structure
of the navvy machines is performed exclusively by the representatives of laser parts
manufacturers, who have no specific training in the field of Fluid Power.
Integration of the mixed laser-hydraulic systems on the machines requires qualified intervention in
the hydraulic drive systems of the latter, which are very diverse, on the distribution of hydraulic oil
to the cylinders driving the buckets or blades, and also requires mechanical removable fastening of
the laser components on the machines.
This project aims to accelerate and increase efficiency of integration of laser-hydarulic systems into
the structure of the navvy leveling machines by involving in the integration teams also specialists in
the field of Fluid Power, who have at their disposal specific testing means. They will contribute to
lowering the cost of implementation of the complex laser-hydraulic systems on the machine,
through the following:
- designing and developing hydraulic blocks of the electrohydraulic distribution devices, with low
repeatability and high diversity at lower prices. To a variety of hydraulic drive systems of the navvy
machines, of varying complexity, current manufacturers of hydraulic components respond with a
unique solution, "covering" the case of the most complex machine, but more expensive by 30 ...
40% for the simplest equipment.
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- using demonstrator stands, type electrohydraulic tracking systems - single-axis, 2 or 3-axis which allow, in laboratory conditions, not requiring the presence of the equipment and the land to
be leveled, the following: to demonstrate the technical performance of mixed laser-hydraulic
systems; to perform pre adjustments of system components prior to installation on the machine; to
detect, during the warranty and post-warranty period, any faulty parts.
By implementing this project there will be achieved qualitative leap in knowledge in the field of
the proposed topic from the current state, which is the possibility to test/functionally check the
laser-hydraulic parts and systems only on the machine, TRL 2, to the state of conducting these
tests in laboratory conditions, TRL 3. There will also be capitalized the experience of developing
the demonstrator type single-axis electrohydraulic tracking system to develop the demonstrator
type 3-axis electrohydraulic tracking system. In this line, the first type of demonstrator - needed to
test the laser-hydraulic systems which equip the machines for automatic leveling against a
horizontal benchmark plane - will become a special case of the 3-axis demonstrator.
3. Presentation of the concept of technology / product
The starting point of this project concept, mentioned in References section, is represented by both
state-of-the-art in this field, [1...7], and the preliminary results of the authors of this project proposal
[8...18], completed with a single-axis demonstrator, which can be found in: the PhD thesis of the
project director, 1 national research project, 1 book published in our country, 2 book chapters
published in an international volume, 7 ISI and IDB-indexed papers.
In order to test the laser-hydraulic systems for the machines that perform automatic land leveling
against a benchmark plane inclined in one or two directions, there can be used two or three
identical test devices, similar to the one described in leveling against a horizontal benchmark
plane.
For the case of a benchmark plane inclined in two directions, those three devices are placed
nonlinearly, and then there are operated manually the screws that adjust the vertical position of the
three laser receivers, till the latter ones receive the inclined plane profile generated by the rotating
laser emitter (when intercepting the laser plane the receiver emits a light signal).
The basic diagram of the 3-axis demonstrator, type electrohydraulic tracking system, Fig.8,
includes three single-axis electrohydraulic tracking devices composed of three laser feedback
tracking servo cylinders, namely 1.1, 1.2, 1.3, fixed body and mobile rod, and three servo cylinders
which simulate profile of uneven ground, namely 2.1, 2.2, 2.3, mobile body and rod.
The laser benchmark plane, inclined in two directions, is depicted as the triangle ABC, with its
vertices in the optimal detection levels of the three laser receivers.
The two categories of servo cylinders are fitted with the inductive stroke transducers 3.1, 3.2, 3.3,
and respectively 4.1, 4.2, 4.3. Three laser receivers 5.1, 5.2, 5.3 are attached to the upper
cylinders rods, and it is possible to manually adjust quota from the floor, until they receive the
inclined benchmark plane, 7, emitted by the rotating laser generator 6. When the servo cylinders
that simulate the uneven ground profile are excited, the electronic block 8 of the laser system takes
the information about positioning outside the benchmark plane of the three laser receivers and
starts sending control signals to the proportional directional control valves 9.1, 9.2, 9.3, which
actuate the servo cylinders 3.1, 3.2, 3.3, towards reducing the positioning errors against the
benchmark plane. The servo cylinders that simulate the uneven ground profile, controlled by the
proportional directional control valves with embedded electronics 10.1, 10.2, 10.3, are supplied by
the electropump 11, with the safety valve 12, while the tracking servo cylinders are supplied by the
electropump 13, with the safety valve 14. By means of the signal generators 15.1, 15.2, 15.3, data
acquisition board 16, power source 17 supplying the electromagnets of directional control valves
10.1, 10.2, 10.3, and also by digital-to-analog converters 18.1...18.6 a control signal is sent to
excite the servo cylinders that simulate the uneven ground profile and there are acquired data on
the dynamic behaviour of the two groups of servo cylinders.
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Fig. 8. Basic diagram of the 3-axis tracking electrohydraulic demonstrator

Although it has a clearly defined practical nature, this project aims at an inter-, multi- and
transdisciplinary scientific approach. Thereby, for the analysis of the main hydraulic drive diagrams
specific to the navvy leveling machines, and the analysis of the main types of TOPCON laser
equipment dedicated to these machines, two studies will be elaborated on: types of navvy leveling
machines; types of movements of the machine working bodies (buckets and blades); types of
hydraulic linear and rotary motors, actuating these working bodies; types of hydraulic distribution
devices existing on the navvy machinery; types of hydraulic drive diagrams for the working bodies;
operation and usage of TOPCON laser equipment installed on the navvy leveling machines. The
two above mentioned analysis studies, in the fields of Mechanics, Fluid Power, and laser
equipment, will provide the input information for a provisional theme in view of the development
project of the demonstrator. Finalizing the design theme will be done following mathematical
modeling and numerical simulation of the dynamic behavior of the demonstrator.
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Designing and developing the demonstrator, type 3-axis electrohydraulic tracking system, modular
structure, will call on knowledge at the interface between the following scientific disciplines:
Mechanics and mechanisms-for metallic structure and degrees of mobility of the demonstrator;
Electronics and automated systems for hydraulic servomechanisms (HSM); Fluid Power–for
development of electrohydraulic distribution blocks; Electrotechnics, Fluid Mechanics, Hydraulic
drive systems-for development of hydraulic pumping units; inductive and laser displacement
transducers, pressure transducers and flow transducers, pressure and flow control
elements, data acquisition, Mechatronics, dedicated software apps for dynamic tests on
hydraulic drive systems, needed to test the final product type demonstrator.
To reach the objective set, between these scientific disciplines there will be made connections in
successive loops of mathematical modeling - numerical simulation - experimental identification.
Validation of the mathematical model, which will ground the numerical simulation model of the
demonstrator, will be ensured by consistency between results of experimental tests and results
obtained by numerical simulation.
All these specializations mentioned as necessary in order to reach the project final objective are
covered by the research team structure, i.e.:
from behalf of CO, there will be involved in this project a team of experienced researchers who
have achievements in the field of Fluid power systems specific to fixed and mobile equipment, in
the field of navvy leveling machinery, as well as in the field of automated systems and applied
electronics specific to hydraulic drives, along with young researchers specialized / under training
in numerical simulations, transducers and data acquisition systems;
from behalf of partner P1, there will be involved in this project a team of professors from P.U.B.,
who have experience and outstanding results in the field of mathematical modeling and numerical
simulation specifice to electrohydraulic servomechanisms, along with young lecturers, PhD-s,
interested in knowing the theoretical applications related to dynamics of 3-axis electrohydraulic
tracking systems.
The team of CO will be in charge with activities related to industrial research and experimental
development, and the team of partner P1 will be in charge with activities related to fundamental
research. The two teams will jointly contribute to wide dissemination of project results.
Conclusions
This project propose a new manner to approach the issue of integrating mixed laser-hydraulic
systems in the structure of leveling navvy machines; this manner is based on using stands type
electrohydraulic system for tracking on one, two or three axes, allowing to:
- increase the speed of integrating the automatic mixed laser-hydraulic systems, by attracting in
this activity also small companies, profiled on repairing / upgrading hydraulically driven mobile
equipment, besides the companies representing the manufacturers of laser components, already
on the market;
- reduce the costs of integration, by reducing the price for the hydraulic component of these
systems, due to the fact that the hydraulic blocks that the electrohydraulic directional control valves
are installed on can be produced at a lower price, by the aforementioned companies;
- test in the laboratory the electrohydraulic directional control valves, installed on hydraulic blocks
produced at a lower price, within mixed laser-hydraulic systems;
- quickly detect with minimal costs, during warranty and post-warranty service, the system
component/ components with possible failures;
- provide pre-settings for the parameters of the mixed laser-hydraulic systems, before installing and
integrating these systems on the machine.
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Abstract: The largest energy reserves are stored in the oceans - a large area of water currents
continuously moving and covering about 71% of the planet’s surface. The Planet Ocean has a
huge energy potential that can be employed to produce electricity. The main sources of the ocean
energy considered, at least in the current technical level, refer to: tides, currents, waves,
temperature differences of the seawater layers. some technical solutions have been developed for
wave energy capture devices at conceptual level. These solutions are protected by six patents.
Future development is expected based on these inventions, namely, laboratory samples and their
testing in laboratory conditions.
Keywords: wind energy, wind turbine
1. Introduction
Wind energy has been used by mankind over thousands of years. For over 3000 years the
windmills have been used for pumping water or grinding (milling). And nowadays, in the century of
information technologies, nuclear energy and electricity, thousands of windmills are used for
pumping water and oil, for irrigation and production of mechanical energy to drive low-power
mechanisms on different continents. The electricity produced from the wind is not differing from the
electricity produced from fossil or nuclear fuels. The wind as a fuel is essentially different – it is free
of charge and does not pollute the environment.
Nowadays, the phrase „use of wind energy” means, primarily non-pollutant electrical energy
produced at a significant scale by modern “windmills” called wind turbines, a term that attempts to
outline their similarity to steam or gas turbines, which are used for producing electricity, and also to
make a distinction between their old and new destination.
The attempts to obtain electricity from the wind date back over a hundred years since the late
nineteenth century. But a true flourishing of this technology is registered only after the 1973 oil
crisis. An unexpected increase in oil prices has forced the governments of developed countries to
allocate substantial financial resources for research, development and demonstration programmes.
Over 20 years, worldwide, a new technology, a new industry and, in fact, a new market - the
market of the Wind Energy Conversion Systems (WECS), have been developed.
Siemens and Vestas are the leading turbine suppliers for offshore wind power. DONG
Energy, Vattenfall and E.ON are the leading offshore operators. With the launch of the European
Technology Platform on wind energy issues the EU Commissioner A. Piebalgs said [1]: „Wind
energy technology is certainly one of the fastest growing and plays an important role, contributing
to create a sustainable and competitive energy policy in Europe”.
The global leader is China (31,1%) followed by the European Community EU-27 with a 28,7%,
USA (17,8%) share (2014) [2]. As of 2015, Denmark generates 40% of its electricity from wind [3]
and at least 83 other countries around the world are using wind power to supply their electricity
grids. In 2014 global wind power capacity expanded 16% to 369,553 MW [2]. Yearly wind energy
production is also growing rapidly and has reached around 4% of worldwide electricity usage. In
2015, close to half of all new wind power was added outside of the traditional markets in Europe
and North America. This was largely from new construction in China and India (Global Wind
Energy Council (GWEC) figures show that 2015 recorded an increase of installed capacity of more
than 63 GW, taking the total installed wind energy capacity to 432.9 GW, up from 74 GW in 2006.
In terms of economic value, the wind energy sector has become one of the important players in the
energy markets, with the total investments reaching €296.6 bn, an increase of 4% over 2014.
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The wind provides electricity to more than 35 million households in the EU, but very few know it – a
symptom which indicates a lack of knowledge about this technology. Globally, by 2020 about 12%
of the produced electricity will be of wind origin.
To know the whole technology of the wind energy conversion into electricity, knowledge in various
fields is required, including meteorology, aerodynamics, electrical engineering, mechanical
engineering and civil engineering. In order to make a correct decision for investment it is necessary
to have knowledge of the economic analysis of projects
2. Wind turbine in the air flow
The wind turbine converts the kinetic energy of the air flow that passes through an area swept out
by the rotor into mechanical energy, then using the generator - into electricity. The question arises:
what happens by placing the turbine rotor in an air flow? It is obvious that the air flow gives up only
part of the kinetic energy (see the next paragraph), the remaining energy is consumed so as the air
leaves the area of flow - turbine interaction.
Figure 1 shows an airflow with the initial speed
V0, which crosses the circular area A0 and
A2
interacts with the turbine rotor with the
A1
scavenged area A1. In section A1, the air flow
A0
encounters resistance, the pressure increases,
V0
V2 < V0
V1 <V0
and the speed decreases to V1. Giving up part of
the energy the air flow leaves the turbine with the
speed V2 lower than V1. As the air mass that
passes through sections A0, A1 and A2 remains
constant and the speed drops, it follows that
A2>A1>A0, i.e., there is deflection of the air flow
that passes through the turbine rotor, forming a
Fig. 1. The effect produced by the wind turbine on
funnel. The airflow formed immediately after the
the air flow
propeller is called the propeller slipstream, in
which the static pressure is lower than in the free zone of the atmosphere. The static pressure is
repressuring at longer distances from the propeller.
3. Betz limit
In 1919 the German physicist Albert Betz formulated the law that answers the question: what part
of the kinetic energy of the air flow can be converted into mechanical energy? Betz analysed a
turbine with an ideal rotor: it is assumed that the rotor presents a disk with an infinite number of
thin blades, energy losses are neglected, the flow of air runs through imaginary sections without
turbulence in Figure 1. Velocity V0 is the speed of airflow till the rotor, V2 is the speed of air flow
leaving the rotor area, V1 is the flow velocity in the A1 section of the rotor. In accordance with the
Newton’s second law the variation of motion quantity is equal to the force acting on the body:

F

d (mV )
dV
.
m
dt
dt

(1)

The variation of the air flow velocity for the above model during one second (dt=1s) will be,
dV  V0  V2 , so

F  m  (V0  V2 ) .

(2)

We introduce the concept of air flow braking factor in the turbine e  V1 /V0 and, assuming that the
wind speed varies linearly, determine the air flow speed of the A1 area of turbine:

V1 

V0  V2
,
V2  2  V0  e  V0 .
2
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Take into consideration that m=ρSV the air mass crosses area A1 in a second:

m    A1  V1    A1  V0  e .

(4)

Let substitute in (2) velocity V2 and mass m according to (3) and (4):

F  2    A1  V0  e(1  e) .
2

(5)

Power developed by turbine is the product of force and velocity:

P  F  V1  2    A1  V0  e 2 (1  e) .
3

(6)

Take into consideration that P=0,5ρSV3 the air flow output with velocity V0

P0 

1
  A1  V0 3 or 2P0    A1  V0 3 .
2

(7)

Substituting in (6) we obtain

P  4  P0  e 2 (1  e)  P0  C p ,

(8)

where

C p  4  e 2 (1  e)

(9)

is called the power factor (efficiency factor) of Betz limit. Differentiating the expression (8) with
respect to e, we determine its value for which power P will be the maximum. The result is e=2/3,
Cp=16/27=0.593.
We can draw the following conclusion: the air flow will give up to an ideal turbine not more than
59.3% of its original power P0 and this will be achieved when the braking factor e = 2/3 and air flow
velocity after the turbine will be V2 = 1/3 V0. In fact, the best three-bladed wind turbines have the
Betz coefficient equal to 0.45 – 0.50.
4. Small power wind turbines
4.1. Global market overview, manufacturing companies and incentive policies
Small systems for wind energy conversion were among the first used by humans for their own or
community energy needs. Further over-centralisation of power distribution system led to a
substantial costs increase in the case of isolated consumers. From this point of view, the idea to
de-centralize power supply systems for isolated consumers is appropriate.
It is noticeable that most of the Third World countries do not have centralized electricity distribution
networks. Therefore, the area of small power wind turbines tends to enlarge, especially with
account of the inevitable fuel costs increase and environmental issues the mankind is challenging.
In this case, the state policy promoting green energy production is of major importance. The USA,
pioneer of small wind industry, adopted for this purpose in 1985 an incentive system for green wind
energy production, which, since 1990 recorded an annual 14-25% increase. About 30% of federal
investment tax credit will bring an annual 40% growth of small power wind turbines sales [4]. About
half of small power wind turbines manufactured in USA were exported, and this shows that the
small wind turbine industry is one of the dominant renewable energy technologies in the US.
The term “small power wind turbine” is defined as an electricity generator with up to 100 kW
capacity. A small wind system can include, if necessary, a turbine, a tower, an inverter, batteries,
foundation, etc. To examine what the market for small power wind turbines in the US is about, one
should consider the following. According to [41], the number of small wind turbines sold in the US
in 2006 was 6807 units, of which 6639 (about 98%) produced in the USA, with a total installed
capacity of 17543 kW (including 16093 kW of US produced units). In 2006 outside US, 9502
turbines were sold having a total installed capacity of 19483 kW [5]. The correlation analysis of
turbines connected to the network and installed separately shows that the great majority (5933 to
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only 706) of turbines are not connected to the network, thus they are employed by isolated
consumers.
The cost of small wind turbines remains the only major factor affecting the market growth. For
small wind turbines, the generation volume is not the only question, the increasing costs of
construction materials, such as copper and steel, also has to be considered. Market growth is also
a major function of state policies in the field, particularly regarding ways to exempt companies of
various taxes, other financial incentives, etc.
Producers of small wind turbines. In the context of action taken to solve the imminent energy
crisis, to stop the global environmental impact and the trend towards decentralization (especially
for isolated consumers) of power supply and of other types of energy, the small wind turbine
industry is continuously growing. Presently, in the world there are a number of companies
producing a wide range of small wind turbines rated less than 1 kW and up to 100 kW. The USA
and China became the largest producers of small wind turbines. The American Wind Energy
Association (AWEA) has made a compilation of companies manufacturing and selling wind
turbines for residential applications, industrial/commercial and farms use.
4.2. Small power wind turbines designed at the Technical University of Moldova
Small wind turbines should be mostly robust and simple, have maximal resistance and little
maintenance, and optimal wind energy conversion efficiency. Given the topical interest and
relatively high costs of imported wind turbines, a team of authors developed two types of small
power wind turbines. The wind turbines with servo motors have the ability to track wind direction
and remove the bladed rotor out of the wind action at wind speeds exceeding 15-25 m/s. The
advantages of these turbines compared to vane wind turbines are:
- angular positioning stability of the bladed rotor at dynamic fluctuations of air currents
direction;
- bladed rotor protection from overloads, caused by wind speeds exceeding the highest
allowed values.
4.2.1. Wind Turbine Equipped with Servo Motor
Based on the study of wind energy potential and specific orographic terrain surface of Moldova,
characterized mainly by gorges oriented along North-South direction, the authors developed the
concept of a three-bladed rotor with asymmetric aerodynamic profile [6,7]. Theoretical research on
the developed rotor was carried out using modern software ANSYS CFX5.7 and Autodesk
MotionInventor. As a result, the basic parameters of the aerodynamic profile characterizing the
efficiency of wind energy conversion by the rotor blades were determined [8-10].
The choice of three blade rotor scheme provides a greater dynamic stability, minimizing related
vibrations and sonic background, thus resulting a longer life period of all components. Direct
connection of the rotor to the generator ensures rotor start up at lower wind speeds, production of
a larger amount of energy, requires less demanding maintenance compared to turbine multiplier
case. Specially designed permanent magnet generator combines efficiency with the simplicity of
construction. The outer coverage of blades featuring asymmetric aerodynamic profile, also the
gondola cone and the vane are manufactured from composite materials reinforced with glass fibre
employing modern technologies in the CESCER laboratory, TUM.
The wind turbines with servo motors have the ability to track wind direction and remove the bladed
rotor out of the wind action at wind speeds exceeding 15–25 m/s. The advantages of these
turbines compared to vane wind turbines are:
 Angular positioning stability of the bladed rotor at dynamic fluctuations of air currents
direction;
 Bladed rotor protection from overloads, caused by wind speeds exceeding the highest
allowed values.
Figure 2 (a,b) shows a 3D model and industrial prototype of the servo motor wind turbine,
developed by a team of authors. Both wind direction rotor orientation and its removal out of the
action of air currents is done by means of a device, called servo motor, which performs the
kinematical liaison of gondola with tower and which is controlled by a wind vane electronic
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a.

b.

Fig. 2. 3D model (a) and industrial prototype (b) of wind turbine with servomotor (P=10 kW).

transducer .When the wind direction is changed the vane performs an angular re-positioning, a
deviation signal occurs and the control system starts the servo motor, that rotates gondola with
rotor in one direction or another until the rotor axis coincides with the direction of air currents.
Angular positioning stability is ensured by a certain time delay of the servo motor switch depending
on the wind flow action in one direction or another. Repositioning period of bladed rotor
perpendicular to airflow velocity vector depends on the kinematical characteristics of the driving
mechanism (the servo motor), and actually determines time repositioning stability of the gondola.
Kinematical characteristics of the
servo motor were determined by
the dynamics of the airflow
velocity vector variation.
The
tower
has
modular
construction
with
telescopic
height advancing, or tubular with
special hydraulic device, due to
which lifting cranes are not
required when changing the
turbine installation height.
The electricity generation depend
on
the
turbine
power
Fig. 3. Wind turbine power characteristic.
characteristics (Figure 3) and
wind speed probability density
function.
4.2.2. Dendrologic park lighting system of the Technical University of Moldova
Figure 4 shows the dendrologic park lighting system of the Technical University of Moldova
integrated with two wind turbine for electricity supply of more 200 low consumption lamps.
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4.2.3. Wind energy supply of the dripping irrigation system
The electricity supply of agricultural land
irrigation systems from the public power
grid becomes inefficient, that is why various
autonomous sources of energy are
becoming more widespread [7, 50-52]. Fig.
4.50 shows a drip irrigation system
powered by electricity from a wind turbine 1
designed by the authors and described in
p. 7.2.1 and 7.2.2. Centrifugal pump 2 with
productivity parameters Q (m3/h) and
pumping height H corresponding to the
needs for irrigation is supplied with
electricity from a wind turbine generator 1.
Centrifugal pump 2 sucks water from the
lake (or river) and pumps it into the system through the fertilizing dispenser 3 and filtering device 4
connected consecutively in the pump discharge pipe. Fertilized and filtered water under pressure is
pumped into the pipe network 5. The
irrigation system must include a water
storage tank 6 located at an altitude
higher than the irrigated ground.
Water in the tank may be used during
the periods when the wind speed is
insufficient to produce the demanded
1
6
electricity. Subject to the launch of a
new generation of electric batteries
on the market, more efficient and
4
cheaper, the irrigation systems
equipped with batteries could be an
5
alternative that will load at times when
3
irrigation is not appropriate.
2
Fig. 5. Drip irrigation system powered with electricity produced
by the wind turbine.
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Abstract: Keeping hydraulic systems in optimal operating condition is one of the ways to obtain a
high productivity and minimum energy consumption. However, even in situations where hydraulic
components suffer damage, fast and accurate diagnosis will reduce losses. The article presents
the most common diagnostic methods used in hydraulic systems, as well as some guidelines for
the interpretation of the first signs of abnormal operation: increased noise and temperature.
Keywords: maintenance, malfunctions, noise, service, repair
1. Introduction
Maintenance is a combination of all the technical actions, administrative and managerial taken
during the lifecycle of the equipment in order to maintain or restore the ability to perform the
desired function (acc. To European Standard EN 13306). From this definition it shows that
maintenance activities that include the identification, measurement, control operation, testing,
detecting faults, repair, adjustment or replacement of parts items and service [1]. The large number
of activities and complexity of each of them, and the scientific and their high technical science,
transforms maintenance into a very serious scientific branch with a strong theoretical and
experimental character. Obviously that the repair or service work are part of a complex part called
maintenance actions and should not be confused. An extremely important role in maintaining
product quality is to maintain the good fabrication technology and technological equipment
component manufacturing line, indicating that consideration should be given to maintaining the
performance designed for components and subassemblies as and the whole machine.
2. The definition of malfunctions and causes of occurrence
One of the basic elements in maintenance, as in reliability, it represents the malfunction, which
consists of a partial or total loss of the capacity or operating performance of the equipment or
hydraulic system and can occur accidentally or while due to the changed operating parameters
under allowable level. From this definition it appears a clear idea, namely that the equipment may
be damaged even if still works, because essential is, if it’s in working parameters designed to keep
productivity, product quality they execute and also the safety of personnel services which
technology and equipment it deserve. Next we present several examples of malfunctions in the
area of hydraulics in which the equipment still works, but the working parameters are below the
level required of the equipment and given in the product data sheet.[1]
Hydraulic pumps and hydraulic motors which in a system take mechanical or electrical energy from
thermal or electric motors and transfer it to a machine as mechanical energy represent the basic
subassemblies of the entire machine, defining speeds, frequencies and I fact actually overall
productivity. In case of increase of drainage losses or decreasing flow with an increase in pressure
the hydraulic system still works, but with the slow rhythm and in a decreased of machine
productivity.
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Hydraulic distributors can increase during operation the response time by reducing the speed of
the drawer, or to reduce its area crossing the working fluid, which ultimately leads to the same
decreased in productivity.
Safety valves increase their on-off domain with flow around the pressure which is set, without
getting totally stuck and therefore increase the total flow losses in certain phases and finally reach
to a significant decrease in productivity line.
All previously described faults are caused by wear of components and wear and contamination of
the working fluid.
The causes for malfunctions are found in all phases of the product life starting from the design
passing through the execution phases and especially in phases of use. The type of malfunction
determined by the equipment deviation from normal functional parameters it is based most often,
processes that occur over time as wear, while accidental malfunctions are based, most often
design errors or misuse without compliance to the manufacturer of work equipment. For
malfunctions appeared by overcoming functional parameters the common remedy is the use of
methods of preventive maintenance, while sudden accidental failures cannot be predicted and
cannot be counted directly when making plans for preventive maintenance but only by statistical
calculation. On the basis of over 70% of hydraulic systems malfunctions are the contaminating
particles in working fluid, which during operation causes fast wear with serious consequences,
sometimes resulting to total system crashes. General causes that lead to malfunctions are many,
but the essential are abnormal noise, high temperature for working fluid and various components,
and slowing down the action of the system.
3. Diagnosing malfunctions
Diagnosing or finding malfunctions it is a condition for general knowledge regarding hydraulic
actuators, and a knowledge and understanding of the scheme of the installation defects, because
this is the only way we can ensure the rapid removal with minimum effort of the failure. It is
mandatory to start finding the malfunction from the effect that remove the equipment or system
from the good operating condition. The malfunctions may be induce by one or more causes, which
is acting independent or simultaneous and as usually we start to detect them from the warning
symptoms which show as there is an exit from the accepted parameters. In the current practice it
merges, often, the effect with the cause, which makes it difficult to analysis the defect and
establishes an effective measure of remedial. In the diagnostic process, based on the effect
observed and passing thru defining a series of effects associated, we get to the root of the primary
cause. [3]
Superficial analysis of malfunctions found and the establishment of wrong or incomplete cases
they have generated are likely to lead to the responsible fault from its initial phase or when the
symptom accentuate and create negative effects associated.
At diagnosing malfunctions we mast need to analyze also the sound sources and abnormal
temperature because in general the hydraulic system malfunctions are accompanied with this two
phenomes. Once the malfunction is localized, establishment of the cause can be made through
measurements of pressure and flow. For this, from the design phase of the installation is
necessary to provide connections ports for pressure gauges and flow meters.
Finding malfunctions will be made thru successive checks of the components elements. An order
verification, applicable in all cases it is not possible. In the first step the verification will be made
only by means of gauges, they can obtain qualitative information on the fault found. For obtaining
some quantitative information necessary to carry out measurements of flow it is requiring more
complex equipment.
Analyzing defects is easier if the return routes and drainage tubes are made of transparent plastic.
This way we visualize leakage and can appreciate the correctness of the distribution elements
functions and losses to drainage. It is also useful to gather information on the operation mode, the
volume of maintenance, defects and repairs on the period prior to failure. To determine the exact
wear-related defects is necessary for the devices to be functional in order to determine how much
the performance declined. Only after knowing the exact situation it is going to dismantling the
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apparatus. The parts will be inspected visual and then measured with accurate precision dictated
by producer. Usually it should be that these operations related to determine and then repair the
defective apparatus to be done only by specialized firms, because is mandatory to test the unit on
stands after repair or remediation.
4. Methods of diagnosing malfunctions of the hydraulic installations
For an accurate determination of malfunctions it needs that the hydraulic system to be controlled
permanently depending on the importance of the system (subsystem) and the diagnostic method
applied.[1]
4.1 Visualizations it represents the simple and the oldest method of finding fault and it’s always
applying, becoming the first in preventive maintenance obligation or any other variant. With this
occasion we read the indication of the measure apparatus and control within the installation an
checks the look and the integrity of the whole equipment. The finding can be done with the naked
eye or using specific optical devices.
4.2 Functional Verification on stand is a specific method for hydraulic installations and is applied
in the maintenance programs or when it’s the case if signs appear which indicates a system
deviation from the output parameters. The method is not available to all units as are needed the
use of stands and specialists, therefore usually an outside company operate this work from the
area of small and medium
4.3 The verification with penetrating fluids It’s an old method appeared and used in the industry
in the 30s of the 20th century, with little applicability in manufacturing of hydraulic equipment and
very little application in maintenance of hydraulic systems. The detection of micro cracks are rarely
checked and only to detect defects in housings, cylinder blocks or devices blocks that carry
hydraulic circuits.
4.4 Magnetic control The method is less used in hydraulics, even if there castings and welded
parts. For the small magnetic particles of iron to detect cracks in the verified part it must be
executed from a ferromagnetic material.
4.5 Ultrasonic testing, According to Wikipedia this method is based on mechanical waves
(ultrasound) generated by a piezo-magnetically element excited at a frequency of typically between
2 and 5 MHz. Control involves the transmission, reflection, absorption of ultrasonic waves that
propagate in the part we need to verified. From where the beam is emitted inside the part and thru
defects it returns to the fault detector that can be both transmitter and receiver. The defect
positioning is done by interpreting the signals. Although the method has the advantage of finding
defects in depth thanks to a high resolution, it is slow because of the need to scan multiple parts
and is very used in the field of hydraulics production or maintenance.[5]
4.6 Electric control the method of testing using Eddy currents are rarely used in hydraulics and
can only detect surface cracks or in the vicinity. It can be used somewhat effectively in pipes with
great importance in the machine function.
4.7 Thermographic control it started from the fact that excessive temperature differences of
benchmarks indicate faulty operation and as such it can be concluded that the area something is
wrong. The method is for prospective in hydraulics because many of the faults are followed by
additional friction of parts between themselves or the fluid and the metallic walls which care causes
narrowing of the slots and passing holes. [2] The fact that is easy to measure and store information
regarding the temperature area of interest makes infrared thermography become increasingly more
interesting.
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4.8 Vibration analysis. Although the method is used for some time in electromechanical systems
in the field of hydraulics is at the beginning. Vibration spectra measured with an accelerometer it
compares with initial spectrum and the differences is identified that could indicate defects occur in
that area. The vibrations are generated not only by mechanical failure but also by the abnormal
flow, which increases the area with problems that can be detected without intervention by stopping
and dismantling the equipment.
5.The noise in hydraulic systems
In machinery with moving parts such as hydraulic equipment is occurring, shock and vibration that
is transmitted directly to the entire system either creates oscillations of air, which is noise and that
in any situation have a negative effect on the entire machine. These effects, with sometimes
extremely serious consequences, can often be prevented if the specialists can determine the
precise relationship between the type of noise and functional status of equipment.
Usually not all noises indicate a malfunction and therefore the limitations often have based the
respect of rules for protecting people which is working with or around this equipment. In fact it will
actually consider abnormal noise created by cavitation or air into the fluid. Air noise in the system
is determined by the compression and decompression during the travel to a system at the same
time with the working fluid. These aeration most often lead to foaming of the hydraulic oil that
destroys the fluid, destroys lubrication, seals and ultimately destroy the equipment and hydraulic
systems. Usually air enters in the system through suction line pump that can be mechanical failure,
or when the oil level in the tank is below normal. Air can enter between the pump shaft when the
seal it has problems.
5.1 The causes of noise in hydraulic systems
a.) The noise caused by the variation of pressure, pulse pressure and working fluid, determined
first of all at the pump level, but also at the distribution level and control equipment.. Since
redesigning the pump this noise cannot be stopped but eventually diminishes it is indicated to
apply the solutions of silencers in predefined areas since the design phase.[5]
b.) The noise caused by the pumping unit which accumulates the noise from the drive motor,
thermal or electrical with the noise of the pump.
If the drive motor is thermally we try by all methods to reduce noise by isolation and by limiting
transmission.
If the motor is electrical in generally we cannot do much but anyway the noise in the system is only
15-20 dB. Problems with these engines are that their heating and cooling.
The noisiest equipment in the system is the pump and therefore from a design stage it is acting by
selecting it on grounds of noise and vibrations. Best hydraulics pumps are that with screw and
wheels, but unfortunately the most used are those with axial or radial pistons. In general volume
pumps that open and close the displacement cameras with high speed creates pulsations that
generate noise and that can be reduced only in the design phase. The most significant reduction in
noise is still at the design stage of the system because then it can links through flexible tubes
between the pump unit and basin on one hand and between the pumping unit and subassembly
equipment control and adjustment.
A simple method, but not effective enough is that which introduces silencers based on the idea of
limiting the reflection and not by absorption.
c.) Noise caused by fluid delivered by the system accumulator. If the accumulated energy is
delivered suddenly creates massive drop of flow, and most of all of pressure which lead to an
increase in dangerous levels of noise.
d.) The hammer strike effect which usually occurs in sudden closure or opening of hydraulic
distributors is another reason for creating noise. The solution preferred by specialists involves
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inserting on the pipeline of a accumulator pneumo-hydraulic. Since this solution is insufficient, in
recent years using hydraulics devices which can vary the speed of the fluid speed in open and
close phases of the pipe.
e.) Noise emitted by an object is directly proportional to the radiant area and inversely proportional
to its mass. If the mass of hydraulic systems subassemblies can act from the design phase by
increasing or strengthening the support for electro pump, on the surface it can react insignificant. In
practice it will remove the electric pump from the reservoir (at about 0,5m) or it can be used an
electric pump submerged in reservoir.
f.) Another reason for developing noise is related to the performance of compression for the
working fluid expressed through the module's Bulk. At compression, especially during changes in
decompression volume of the fluid creates shocks and noises that can be predicted since the
design phase that usually resolved by placing the flexible pipes through the use of accumulators
placed in critical areas or simply by creating holes for. Everything must be done carefully because
automation in hydraulic systems the flexibility of pipes lead to volume variation and therefore in a
dynamical slowdown of the equipment.
g.) Cavitation occurs when the volume of hydraulic fluid required by the hydraulic circuit exceeds
the amount received from the pump. This fact leads to lower the pressure in the area of the circuit,
mining to the suction, under vaporization pressure of hydraulic fluid and leads to the formation of
bubbles (cavities) that when compress it breaks and creating a characteristic noise. Consequences
in system can be of metal erosion which contaminants the fluid and hydraulic components leads to
fail. Most often malfunctions caused by cavitation occur in the pumps. You must be carefully to the
suction line which it must be free of obstruction between tank and pump suction. The introduction
of suction filters or valves will be under the supervision and indications from specialists and
designers.
6. Too high temperature
The recommended temperature for working hydraulic system is between 35 and 60 degrees
Celsius. When the temperature exceeds 75-85 degrees is danger of damage to the seals and the
working fluid. Excess temperature is determined by the system's inability to dissipate heat and this
happens either when the oil is below the level required, or when the system malfunctions, due to
wear, increase energy losses. Also a major role it can have the appearance of
malfunction at
the heat exchanger both the working fluid circuit and to the cooling fluid (air or water). Another
cause of heating is the increase in drainage at the equipment, meaning that an abnormal increase
in the amount of fluid passing from the high pressure from pressure tank generate heat generation.
Since heat is generated by compressing air, any aeration (increasing the of amount air in oil) leads
almost automatically to unforeseen heating in design. Even by cavitation thru creating bubbles
leads to increased warming of oil. Heat in excess can lead to the destruction of lubricator film and
therefore to the destruction of mechanical-hydraulic component.[2]
Temperature measurement can be made both with temperature sensors of all kinds and infrared
cameras. Thermography relies on the fact that anybody with temperature above or below zero
emits heat, which can be monitored with infrared thermometers or thermal imager that can make
even a map of the monitored equipment.
7. Working speed fell below the projected limits
Often it is found that at some point complex machinery start to reduce working speed and as a
result their decrease productivity. Reducing machinery performance is an indication that the
system has problems and that requires specialist’s intervention. Knowing that engine speed is
given by the flow meaning that an decreased in it as result of external loss (most often the lines
failure) or internal, usually caused by excessive wear, which makes that drainages to grow, or
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pump flow to decrease. Starting from the idea enunciation above that internal losses occur if the
temperature increases, means that we can detect the fault with an ordinary infrared
thermometer.[5]
Finally we believe that a proactive monitoring of noise, temperature variation and the duration of a
cycle can in time determine many causes of the most common faults. It is also increasingly used to
analysis the temperature of working fluid, lubrication or cooling, analysis the type of noise in a new
philosophy in predictive maintenance.
8. Conclusions
A hydraulic installation for command and/or driving represents most of the time the base operation
for complex technological equipment and therefore correct operation and parameters are essential.
Hydraulics malfunctions occur suddenly and usually manifests itself by total interrupting operation
or in time it manifest by progressive loss of functional performance.
Detection, diagnosis methods are many, sometimes complex, but always to be applied by
specialists.
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Abstract: The paper aims to present a modern diagnosis method of specific malfunctions of
hydrostatic drive systems equipments, which is not yet used in the maintenance of these
equipents. The diagnostic technique described is using the infrared thermography and can be
considered a non destructive examination practice of hydraulic systems. The thermovision
cameras, along with the computer equipments prove their full efficiency in all industrial
maintenance activities, when punctual intervention is desired, quickly and inexpensively.
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1. Introduction
Thermography (or Thermovision) is a technique for measuring the thermal field of a physical body,
which uses the infrared radiation, for recording and visualization of temperature distribution on the
studiate surfaces.
Termography is a non-destructive method that does not require direct contact with the analyzed
surface and is particularly useful in malfunctions diagnosing in the industrial systems, because it is
not necessary to interrupt the technological flow.
Thermography is an application that derives from the military techniques and it has found, since
the mid of the ‘50 years of the last century, a wide application in science, technique, industry,
biology, agriculture or medicine.
The energy conservation involves the optimum use of resources and represent an imperative
when it comes to the application of measures to develop an economy based on healthy growth.
For this reason, it is necessary to obtain accurate informations about the energy performances of
equipments, installations or machinery. The information is obtained by drawing of energy balances
or analysis based on data resulting from the inspection of selected objectives. The industrial
equipments presents energy losses which depend on configuration, quality and sealing
installation.
The evaluation of all energy losses susceptible to reduce the efficiency of a system, requires a
good vision on the thermal distribution of its components. This is achieved by thermography
technique, which allows to monitor the temperature distribution on the equipments surface, by a
method of measuring the infrared radiation, [1].
The effective use of a modern methods of diagnosis and prevention is necessary when the objectif
of the maintenance is the extending of lifetime and the proper functioning of equipments and
machineries. The proper use of the specialized instruments in nondestructive diagnosis can detect
and recogniz the equipment malfunctions, with a high degree of accuracy, if it is known the
principle of functioning of these instruments, [2].
Alongside the vibration analysis, contamination control fluid or ultrasound control, thermography is
one of the safest methods of predictive maintenance that could be used in hydraulic drives.
Currently, the method of thermografy is successfully worldwide used in building maintenance and
electrical wires maintenance. Our aim is to adapt the thermography method to the hydraulic system
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maintenace and to obtaine a thermal map for each type of hydraulic equipment in according with
the nature of its malfunction.
2. Specific rules and terminology to the field of thermography
The evaluation of materials using thermal waves is based on the link between the distribution
mode of the waves and the studied properties. For example, a discontinuity causes an anomaly
regarding the distribution of the heat flow and thus, the temperature of the material. Monitoring of
these abnormalities allows finding some useful informations about the sizes, shape or position of
discontinuities.
In the field of thermography there are several specific concepts, some of which are defined in the
state standard SR 13340 since 1996, September entitled "Non-destructive testing, Infrared
thermography. Vocabulary, translation of the French rule A 09-400-1987". The field of spectrum
called infrared (IR) is actually a band of the electromagnetic radiation spectrum which is situated
on the threshold of the visible domain with radio waves domain, [1].
The thermography term comes from the Greek language "thermos" means heat and "graphein"
means writing. The concept of thermography requires a description mode of the temperatures
distribution on a surface or in a volume. In SR 13340-1996 standard, is uses the thermography
term. There are works that uses the term "thermography" for purposes of techniques itself
illustration, by approximating of "radiography" term and the result is called a thermogram.
In the above standard it is given the following definition: "The Infrared Thermography is a
technique that allows obtaining with a suitable device, of the thermal image of a thermal scene
observed in a spectral range from infrared. Understanding the thermal image as a structured
representative data distribution of infrared radiation obtained from a thermal scene and the thermal
scene - as part of the space - object observed with infrared thermography apparatus ".
In the field of thermal methods of examination are used many concepts. Some of the most used
concepts are the Thermographic inspection and Thermography system. Thermographic inspection
means observation, measurement, interpretation of the thermal scene characteristics with a set of
apparatus and instruments named thermography system. Thermography system means a set of
devices that allow reception and processing of a thermal image.
Thermogram - (according to SR 13340) is the result of transcription in temperature of one or more
of temperature luminance maps; the encoded image of a thermal scene.
Other commonly used international standards that regulates the field of infrared thermography are
"A 09-400-1991 Essais non destructifs. Thermographie infrarouge. Vocabulaire"; "A 09-420-1991
Essais non destructifs. Thermographie infrarouge. Vocabulaire relatif a la caracterisation de
l'appareillage"; "E 168-1999 Standard practices for general techniques of infrared quantitative
analysis" and " ASTM E 1149-1987 Standard definitions of terms relating to NDT by infrared
thermography", [3].
3. The hydraulic cylinders thermography
An example of practical application of thermography of the malfunctions hydraulic equipments
analyzed, is shown below, by SIMCO company.
Specifically, it is a Caterpillar loader, model 993 K CAT series Z9K (Fig. 1) provided with six
cylinders (two for lifting, two for lower tilting and two for upper tilting - see Fig. 2). The designer has
provided for them a period of 8000 hours of operation under normal conditions. After a while, it was
noticed that the machine was not working properly due to loss of pressure in the lift cylinders,
working slowly.
As a first step was decided to make a thermographic inspection of all the hydraulic cylinders
components, and when the temperature of the machine in working reaches 75 °C.
Following the performance tests and thermography analysis, it was found that the left lifting
cylinder had a high operating temperature, causing loss of internal pressure in the cylinder (there
internal leaks by sealing - see Fig. 3 to Fig. 6).
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It passed to replace the cylinder seals and it have been initiated maintenance operations in the
hydraulic system, [5].

LIFTING

TILTING

Fig. 1. Caterpillar loader, [4]

Fig. 2. Lifting and tilting hydraulic cylinders of
machinery bucket, [5]

RIGHT LIFTING CYLINDER

LEFT LIFTING CYLINDER
o
Δ ( C)
Max. temperature
80.6ºC
6.2
Min. temperature
66.9ºC

Max. temperature
Min. temperature

74.4ºC
67ºC

Fig. 3.The thermographic analysis for lifting cylinders
indicates they are not working on the same charge,
[5]

Fig. 4.The temperature difference of the right and
left working cylinders (RH) and (LH) is 6 °C, [5]

LEFT AND RIGHT (HIGHER) TILTING CYLINDERS

LEFT AND RIGHT (LOWER) TILTING CYLINDERS
o
Δ ( C)
Max. temperature
67.8ºC
-0.6
Min. temperature
59.78ºC
-1.58

Max. temperature
Min. temperature

67.2ºC
58.2ºC

Fig. 6. The difference (Δ) of the working
temperature is close to zero degrees Celsius, [5]

Fig. 5. The thermographic analysis shows that the
tilting cylinders of the bucket machinery
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4. Diagnosing of malfunction in hydraulic systems using the infrared thermography
The excessive heating of the working fluid is a major malfunction, which involves monitoring the
thermometer placed in the working fluid tank or handly touching of the analyzed hydraulic
equipments. The hand support temperatures up to 50 °C, even when the hand it is pressed. Daily
checking of the hydraulic system allows the formation of a point of view in relation to the normal
operating temperature.
Overcoming of this is a warning and must done a complex analysis regarding the proper
functioning of the system, [6]. Infrared thermography is a nondestructive analysis method that can
be quickly highlighted the potential heating of oil installation or of the equipment components, over
the normal ranges, without the need operator dispacement in the immediate vicinity of the
analyzed apparatus. According to [7], a logical scheme of done stages adapted to the malfunction
investigation appeared in hydraulic systems , it is described in Figure 7.

Fig. 7. Malfunction investigations of hydraulic systems. Logical scheme
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5. Thermography used at INOE 2000- IHP Bucharest
The Hydraulics and Pneumatics Research Institute in Bucharest - INOE 2000 IHP has a rich
experience in achieving of various stands for testing the hydraulic components.
The stands for testing of hydraulic components allow probing of hydraulic pumps and motors
(rotary or linear), directional valves, valves or hydraulic and pneumatic accumulators.
For examples, in Figures 8 and 9 are presented the pumps bench with a bent axis piston pump
type Brueninghaus (Germany), which was tested September 2016, (Fig. 10). As a novelty can
record that this is the first time when the thermography was used in conducted tests in the
Hydraulics Laboratory of the institute. The measurements were made with a high performance
thermovision camera, FLIR brand.

Fig. 8. Bench of pumps

Fig. 9. The bench thermograma

Fig. 10. The tested pump

Fig. 11. The pump thermograma

Additionally, thermograms were drawn (Figure 13, Figure 15) for regulating elements (Figure 12,
Figure 14) that was provided the test stand ascertaining a normal operation of there. (Their
operating temperature is more under the limit value of 70ºC).
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Fig. 12. Flow transducer

Fig. 13. Flow transducer thermogram

Fig. 14. Throttle

Fig. 15. Throttle thermogram

6. Conclusions
Some conclusions and comments regarding the thermography method used in maintenance
prevention, at the first assessment:
a) Concerning with the carried out tests the punctual following conclusions are appropriate:
- The thermogram analisys in Figure 9 shows that the testing banch in Fig. 8 works within normal
parameters. The temperature limit is not exceeded during operation of the stand (the oil
temperature of 56°C being far below of the limit value of 70° C.)
- The thermogram analysis of Figure 11 shown that the tested pump of Fig. 10 operate normally.
Thus, we see that on the left side, corresponding to the pistons block, the temperature is about
57ºC and on the right, where are the bearings, the measured temperature is about 54ºC. The
recorded temperature difference at the pump heads is 4ºC, more below the critical value of 10ºC
- The thermograms analysis of Figure 13 and Figure 15 shows that the regulating elements of
Figure 12 and Figure 14 operates in normal limits (the work oil temperature of 54ºC being more
below the limit value of 70ºC.)
b) Concerning with thermography application in hydraulic drives overall the following general
conclusions are available:
- The malfunctions diagnosis using infrared thermovision cameras provide to the staff involved in
predictive maintenance works an effective analytical method of hydraulic drive systems, in a very
short time, at low cost and with minimal effort.
- Alongside the classical methods of diagnosis, the thermography can be successfully used as
often are balances and energy analyzes for each class of hydraulic apparatus analyzed.
- It is a particularly sensitive measurement technique that can record temperature variations of tens
of degrees, both spatially and temporally if there are known the factor emmisivity of the materials.
- Are possible real-time analysis both before and after the intervention to the hydraulic equipment,
in order to obtain necessary information for a forecasting of their evolution in time.
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– The application of infrared thermography method to the maintenance of hydraulic systems,
allows detection and correction of potential damages since in primary phase, prior to production of
the failures. In this way reduces the breaks in the operation of machines by eliminating downtimes
and by optimizing the operations for repair and maintenance.
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Abstract: Being the oldest renewable energy, hydropower is and will remain the most important
source used. The paper deals with the Micro Hydropower plants with medium or high head, it
presents the particularities and the problematic of the fluid power systems used to operate the
hydromechanical equipment, specific to this particular hydro-technical constructions. The problems
at these types of systems are related to: energy efficiency and synchronization of the movement
when using cylinders in pairs at one single gate (radial or sluice). Operating the hydromechanical
equipment specific to MHPs, using fluid power systems, in the opinion of authors, remains the
most convenient option. Finally the paper outlines several solutions to optimize these specific
systems.
Keywords: micro hydropower, hydrostatic actuation, hydromechanical equipment.
1. Introduction
Currently, the global energy generated from hydropower reach about 2.1 million GWh, annually,
which represents 16%...18% of worldwide electricity consumption. The most pessimistic estimates
accepts that exploitable potential is six times higher. At European level, hydropower produces over
85% of renewable energy. In Romania, are produced annually, on average, about 18 TWh, 35% of
consumption, but the potential is 38 TWh/year [1].
The term Micro Hydropower (MHP), will be used in this paper and it will imply a plant with an
installed power of 100 kW to 5 MW.
Hydroelectric energy is not only renewable is also clean. It does not produce: waste (ash or
radioactive substances); carbon dioxide that contribute to the greenhouse effect or sulphur oxides
which underlying the acid rain. Its fuel is water, a clean fuel that does not undergo degradation [1].
Lately, in Romania, it was manifested a great demand of authorizations for micro hydropower
plants, due to the advantages they have but also because there is still a great potential to exploit
the hydropower.
The main advantages for that the Micro Hydropower represents often, the best solution, are:
 Reliable electricity source: Hydro produces a continuous supply of electrical energy in
comparison to other small renewable technologies.
 No reservoir required: Micro hydro is considered to function as a „run-of-river‟ system,
meaning that the water passing through the generator is directed back into the stream with
relatively minimal or no impact on the surrounding ecology.
 Cost effective energy solution: Building a small-scale hydro-power system can cost from
$1,000 to $18,000 USD/kW, depending on site characteristics, power plant size and
location. Maintenance costs are relatively small in comparison to other technologies.[2]
The intense promotion of Micro hydropower plants for renewable energy sources, was also due to
the fact that this small-scale energy solutions, are considered environmental friendly, while
hydropower facilities with greater power installed have a known negative impact. This is only
partially true, since small hydropower brings also environmental effects, which must be considered
when authorizing. Of these adverse effects, the most important are:
- impacts during the construction, when are completed the technological roads, water
deviations from the future site, disturbance of the sediments in the river bed and/or depositing of
building materials in water, noise, landscape, etc.;
- ecological impacts of the deflected water flow and the risk of insufficient flow through the
natural river bed;
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- effects on fish and other organisms passing through the turbine with the water from the
intake.[1]
2. Components of a MHP scheme
At Micro hydropower plants schemes (Figure 1) with large or medium head, the water is diverted
by the weir through an opening in the river side (the intake) into a channel (this could be open or
closed, under or above the ground, depending upon the site conditions). A settling basin
(desander) is built to remove sand and silt from the water. The water is then directed by the
channel into a small reservoir/tank called the forebay, from where it is directed on to the turbines
through a closed pipe known as the penstock.

Fig. 1. MHP scheme (Source: A guide to UK mini-hydro Developments, BHA 2005)

The subject of this paper is represented by the MHP with medium and high head, it presents the
particularities and the problematic of the hydraulic actuation system, for the hydromechanical
equipment, specific to this particular hydro-technical constructions.
Regardless, the solution adopted for the derivation, it is useful to include in the scheme a small
lake, capable of storing the captured flow during the periods when the power plant doesn‟t work,
without losing water through the discharge. The location may be in the vicinity of the forbay,
associated with a desander, or at the end of the adduction as a forbay tank.
MHP schemes, with low head may be bypass or dam. In bypass schemes the head is created
through the construction of a water derivation channel in the floodplain, with low slope and low
roughness.
The characteristics of the components of a MHP are listed below:
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-

Weir: is used to raise the water level and ensure a constant supply to the intake.
Sometimes it is possible to avoid building a weir by using natural features of the river. A
permanent pool in river could also act as a weir.

-

Intake: is designed to divert only a portion of the stream flow or the complete flow. There
are few types of intake used to MHP: side intake with and without a weir, Coanda effect
intake and the bottom intake.

-

Settling basins: are designed to get rid of particles and sediments. The water flow is
allowed to slow down so that the sand and silt particles settle on the basin floor. The
deposits are periodically flushed.

-

Spillway: acts as a flow regulator for the channel. (See Fig. 1). The spillway is often
designed with control gates.

-

Forebay tank: serves the purpose of providing steady and continuous flow into the turbine
through the penstocks. Forebay also acts as the last settling basin, a trashrack need to be
installed to prevent large particles to enter the penstock.

The penstock and the turbine house equipment‟s are not the subject of this work.
3. The problematics of the hydraulic actuation for hydromechanical equipment
Due to the advantages that fluid power systems have, it become the best solution when you have
to drive the hydromechanical equipment of a MHP. In order to design hydraulic drive systems,
technically and economically efficient, that involves the knowledge of the particularities of MHP.
The hydromechanical equipment that must be operated at a MHP type hydro construction, can be
grouped into 3 categories: sluices, gates, weirs and rack cleaners, all must operate in automatic
mode and of course with minimum operating costs. Although, in terms of construction the parts of a
MHP are unique to each site, in terms of actuation oh the hydromechanical equipment, mentioned
above, there are no significant difference, see Figure 2.
As described in Chapter 2, for an optimal and complete solution, for a MHP with medium or high
pressure, the equipment that have to be operated are:
-

At the Weir with accumulation pool and Intake, it have to drive a sluice (vertical lifting) gate,
at the bottom of the pool that flushes the sediments on the bottom, (stroke about 2-4 m).

-

The spillway, it is recommended to be variable, mobile, so, often the best solutions are the
radial gates or flapper spillway operated by two hydraulic cylinders. If at the weir there is a
small accumulation pool, the spillway will be designed to protect all the hydrotechnical
constructions, against flooding, including the lake. (stroke about 2-4 m).

-

At the Settling basins, it is important to adjust the water inlet and to flush the sediments
deposited, by controlling a sluice (vertical lifting) at the bottom of the basin. (Stroke about 24m).

-

The inclined rack, must be cleaned automatically as it retains leaves and branches, thin
bags or other lightweight materials that float and have not previously deposited in the
settling basins. Therefore is needed a minimum two hydraulic cylinders to drive an
automatic rake and at least one for operating a sluice (vertical lifting) gate to flush the
collected waste.
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Fig. 2. Hydromechanical equipment for a MHP

Figure 3 presents a simple constructive solution, with two hydraulic cylinders, for automatic
cleaner for the inclined racks, sluice gate and flapper spillway.

Fig. 3. a. Automatic inclined rack cleaner; b. Sluice gate; c. Flapper spillway

According to those presented above, Figure 4 represents a fluid power system scheme that
operates the hydromechanical equipment, specific to MHP.
The problems at these types of systems are related to: energy efficiency and synchronization of
the movement when using cylinders in pairs at one single gate (radial or plane).
Although hydraulic systems have wasteful behavior in terms of energy, there are a lot of cases in
which they can be kept within reasonable limits [3]. It is well known that in real fluid flow through
pipelines and equipment parts, some of the total energy of the fluid is used to overcome viscous
friction resistance forces and some is used when the flow velocity changes its direction and / or
size. These energy losses can be defined as resistance mechanical work due to the viscous and
turbulent resistances. [4]
Energy efficiency in fluid power systems related to MHP‟s equipment, is strongly influenced by long
routes for pipelines, due to relatively large distances between the equipments that must be drive
(distances of dozens of meters). It was consisted, practically, by the authors, a significant
difference between the pressure loss calculated according to the algorithms from the specialized
literature (also software) and the measured values in such a circuit. We consider, this is due to a
low interest for very long circuits for fluid power actuation. Moreover, these systems operate in
difficult conditions being exposed to all weather and some, even underwater. Because there are
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such circumstances, we consider necessary some studies to grow the energy efficiency in this
particular types of actuation systems.

Fig. 4. Fluid power system for MHP hydromechanical equipment

Regarding the synchronization of the movement for the two cylinders which operate one gate, this
becomes difficult due to the conditions in which work, the differences in load for the two cylinders
can be very large, so there is a risk of blocking the gates. The main causes of the differences in
load are the deposits of alluviums and other materials on the raceways or on gates and the
corrosion.
If the resistance in the branches is not identical, flow can vary greatly in each path. Adding flow
controls makes it possible to change resistance and equalize flow in each branch, but as the gate
moves, work resistance changes often require constant flow modifications. To control the flow can
opt for servo valves or flow dividers, the first increase costs significantly. A flow divider is a device
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that splits flow and compensates for pressure differences. A flow divider can split flow equally,
unequally, and into more than two paths. Spool-type flow dividers waste energy, but Motor-type
flow dividers do not waste energy and are more versatile. Because flow dividers are not 100%
accurate, one of the cylinders may lag [5]. A counterbalance valve must to be instaled to hold the
gate in position at rest, and keeps it from running away.
4. Conclusions
Operating the hydromechanical equipment specific to MHPs, using fluid power systems, in the
opinion of authors, remains the most convenient option.
One possible solution for reducing the high pressure losses due to big lengths of the pipes would
be the decentralization of the hydraulic power source, i.e. designing compact hydraulic energy
sources, mounted, if possible near the operated equipment.
To synchronize the movement, of two hydraulic cylinders, in the most efficient way, it is
recommended to use the motor type flow dividers [6], which have the advantage of increasing the
pressure between the cylinder and the flow divider, over the maximum set value at the relief valve,
without extra energy, so the designed actuation system can operate in very good conditions even
when a complicated mechanical blockage occurs. The advantage of the motor-type flow divider
over a spool-type flow divider is energy transfer between sections. A spool-type flow divider's inlet
pressure is always equal to the highest outlet pressure, and in these situations it is not enough.
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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 working fluid, where assisted hydraulic boxes. Power steering is
one of the most requested options in a car of small and medium size, for the vehicles weighing
over 1200 kg this is 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 (12 years in the year 2016), it is deduced that most boxes mounted on cars have
hydraulic power steering or electro-hydraulic, so the need for a complex test stand is needed to
discover and resolve the problem regarding faults of the system.
This article presents the state of the art test stand for hydraulic power boxes and pumps, with
minimal human interference which can determine the current state of the sealing elements,
hydraulic directional vales and pump flow. All the records of the oil flow, toque values at the
hydraulic directional valve and temperature of the oil are all included in the report generated at the
end of the test process.
Keywords: 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 driver less effort to turn the steered
the wheels 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 5
represent the body of hydraulic cylinder. (1)

Fig. 1. Percent‟s of type of assistance

Fig. 2. Hydraulic power 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. (2)
However, regardless of version, malfunction is accompanied by an increase in consumption and
the loss of oil outside the box, both with negative effects on the environment and road safety.
2. Test stand description
The test bench determines the condition of the seals in the hydraulic distributor of the box and the
hydraulic piston by measuring the flow of oil flow during tests [1,2]. The report bulletin contain
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 that is needed to perform testing sequences
and the registration, storage, processing, a database which will be issued after probation reports
that are printed to the printer. All the data recorded is compared with those in the database, the
system will decide whether the data recorded for hydraulic steering box comply with the standards
accepted by its manufacturer.

Fig. 3. Test bench
1.Load device, 2.Flow meters, 3. 2-way valve, 4. 3-way valve,
5. Pressure gauge, 6. Thermostat, 7. Display for RPM Pump,
8. Power box support, 9. Emergency stop, 10. RPM control

The test stand 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 hydraulically scheme are:
pressure sensor with a domain of 0-160 bar (11), flow sensor 0.18-18 l/min (10), rotary encoder
needed for the step motor (18), torque sensor 0-500 Nm (17) and a force sensor to determine the
force generated by the staring power box of 2000 daN. All the sensors are connected to the data
acquisition board (22). In fig.4 it can be seen all the components of the computerized test stand.
232

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
Beside the sensors needed for the report, the test stand it contains an electric motor (1) to engage
a vane pump (2) also all the oil is filtered by filters (3) with 10 μm capability, oil level and
temperature sensor(4) are needed for accurate results and the stand is equipped with an
thermostat (5) that keeps the oil temperature at 40°C.

Fig. 4. Hydraulic diagram

Also the software controls thru the acquisition board the voltage for the stepper motor which drives
the rotary valve of the steering box [3,4]. The hydraulic installation of the test stand is located
behind the front panel.
In figure 5 we can see the electric motor regulator, a three phase automatic circuit breaker and
variable speed drive that vary the rpm of the electric motor. Also on the back side is found the
automatic circuit breaker of the thermostat system for hydraulic fluid.
The test stand contains also a tank (7) for hydraulic oil with a capacity of 20 L, which is mounted
next to the temperature and oil level gauge.
3. Conducting tests
All the test are performed with the help of the software developed by IHP in LabVIEW program. 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. From the software control panel (fig. 5) can be set pump flow according to the
steering box model, the number of pulses per rotation of the rotary encoder and the number of
steering wheel turns to move the rod of the steering box from one end to the other end (left-right
stroke). At control panel of software it also sets the serial number of the steering box, name of the
operator that perform testing, beneficiary of the test report, date and registration number of the test
report. With manual control the rod of steering box can be moved using a cursor from control panel
on PC screen, in automatic control the software determine the rate of oil leakages at the stroke
ends of steering box. Blocking the steering rod by using the load system (21) (e.g. in the middle
zone) can determine the leakage flow due to wear of piston seal. In manual regime it can plot a
diagram of pressure of the test stand pump, to see if still provide the nominal pressure. On the
control panel of the software application there are two indicators for torque at rotation of shaft from
rotary valve of steering box and for force performed at the rod of steering box [5,6].
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Fig. 5. Software control panel

In figure 6 it can be seen a record of the flow of hydraulic fluid lost by steering box at the end of the
stroke. 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 steering [7].

Fig. 6. Flow thru power steering box

In figure 7 it can be seen a record for the pressure raised by the pump of the test bench. After
recording the chart of loss of hydraulic fluid for steering box, it can be printed in a report containing
identification data from control panel of software and recorded diagram.
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Fig. 7. Pressure from the pump of test bench

4. Conclusions
The test stand equipped with informatic system which registers parameters automatically and
issues the report test it have greater accurate results, because almost no human factor interferes.
Also the stand is equipped with a thermostatic system for keeping the hydraulic oil to an identical
temperature for an identical test condition regardless of the outside temperature.
The amount of sensors and the domain of them, determine how accurate is the report an there for
increase the road safety and human loses do to malfunction of hydraulic power steering.
Such a test bench equipped with informatic system is useful for diagnosis of the power steering
boxes by automotive service units or for units that performs reconditioning of power steering
systems [8].
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Abstract: The paper presents an automated oil transfer system implemented on an
electrohydraulic equipment testing stand. The stand is made of a working console placed on a
parallelepiped oil tank having a volume of 800 liters, a group of oil filters, a block with directional
valves for distributing the hydraulic oil to tested equipment, pressure and return pipes from and to
the high volume oil tank. The working console is rectangular, having T-shaped canals that allow
the operator to mount tested equipment, auxiliary testing and measuring devices. Main scope of
the automated transfer system is to direct the hydraulic oil from the main tank to a secondary tank,
placed on the testing stand (the working point). This system also comprises an ultrasonic level
transducer used to constantly measure the oil level in the secondary tank.
Keywords: automated system, testing stand, ultrasonic transducer, simulation
1. Introduction
The automated oil transfer system is implemented into the structure of an electrohydraulic
equipment testing stand [1, 2]. It is being made of an operator working console placed on a
parallelepiped oil tank, with a total volume of 800 liters. Other components are a group of oil filters,
a block with directional valves for distributing the hydraulic oil to tested equipment, pressure and
return pipes from and to the high volume oil tank. The operator working console is rectangular,
having T-shaped canals that allow the operator to mount tested equipment, auxiliary testing and
measuring devices for mechanic-hydraulic parameters. Main function the oil transfer system is to
automatically direct the hydraulic oil from the main tank to the secondary one, mounted on the
testing stand, which has a lower volume. Key components of the automated system are an
ultrasonic level transducer and an electronic control unit. The transducer is constantly measuring
the oil level in the secondary tank, while the electronic control unit detects the minimum and
maximum values of oil level thus controlling one electrovalve that starts or stops oil transfer. Here it
is used an electronic two-point controller. This paper describes the electrohydraulic diagram of the
testing stand and a simulation, made using MATLAB-Simulink, of the automated oil transfer
process.
2. System description
In Fig.1 it is given the electrohydraulic diagram of the testing stand with an automated oil transfer
system between one main tank and one secondary tank. This configuration allows the operator to
place the pumping unit and main tank, of high volume, in another place distant from the working
console in order to reduce noise stress. Oil used in the testing process is afterwards accumulating
in the main tank [3]. When not testing any equipment, the remaining hydraulic oil is transferred
from the secondary to the main tank using a hydraulic drain pump, PE in Fig.1. Oil level control in
the secondary tank, when testing equipment, uses an automated system. An electronic control unit
constantly measures oil level in the secondary tank, by means of an ultrasonic level transducer,
turning on the oil intake electrovalve when the oil level in the secondary tank reaches the minimum
and turning it off when the oil level reaches the maximum set value. It is important that the
hydraulic pump of the testing stand, PP in Fig.1, must not remain without oil at its intake orifice.
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Fig. 1. Diagram of the testing stand for electrohydraulic equipment with automated oil transfer

Operator’s working console is placed above the secondary oil tank and it has pressure (P) and
tank outlets (T). In the diagram given in Fig.1 it can be seen a thermometer (1), an ultrasonic level
transducer (2) and a pressure gauge (3). Main hydraulic pump (PP) [4] is draining through a 10µm
oil filter to a block of outlets used to provide pressure to tested equipment. Using the stand given in
Fig.1 there can be tested proportional valves and directional flow control valves, servovalves and
positioning systems (servocylinders).
Next, the authors present the simulation model of a testing stand for electrohydraulic equipment
with automated oil transfer.
3. Simulation model for a fill – drain process of a hydraulic oil tank
Simulation of the fill – drain process will begin with writing the mathematical model of the process,
for an oil tank considered to be cylindrical, put at atmospheric pressure, filled with hydraulic oil
through its upper side with a flow of qin value. The oil tank configuration is given in Fig.2.

qin – oil flow in;
qout – oil flow out;
h – oil level;
A – tank cross section.
Fig. 2. Hydraulic oil tank model

We consider that the hydraulic oil flows through an orifice placed in its lower side, having a cross
section of a. The oil flow through that orifice can be calculated using Bernoulli’s law, as follows:

qout  a  2gh
where:

(1)
qout – oil flow out;
a – cross section of draining orifice;
g – gravitational acceleration;
h – current hydraulic oil level.
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Using the continuity equation, it can be written:

A

dh
 qin  qout  qin  a  2 gh
dt

(2)

A – cross section of the tank;

where:

dh
– oil level variation in the tank.
dt
By applying a defined integral to the (2) equation, it is obtained:
t

ht   h0  
0

where:

t





1
1
 qin t   qout t dt  h0    qin t   a  2 ght  dt
A
A
0

(3)

h0 – initial oil level in the tank.

Using equation (3) it can be structured the simulation model in MATLAB-Simulink.

Fig. 3. Simulation model of the oil tank

Automated system control is made using an electronic unit based on a two-point controller, given in
Fig.4. The setpoint value is given in meters meaning oil level in the secondary tank, SP = 0.15 m.

Fig. 4. Simulation model of the automated fill-drain process, using a two-point controller
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When simulating the model given in Fig.4, there were studied the following cases:
a. constant setpoint value for oil level, SP = 0,15 m and v = 0 % disturbance influence;

Fig. 5. Simulation results for SP = 0,15 m and v = 0 % disturbance

From simulation results above, given in Fig.5, it can be seen that in the absence of disturbances
the oil level reaches and holds the setpoint value in short time, almost 12 s. Command sent to the
electrovalve has a value of 24Vcc, when open, during the filling period of the tank, afterwards
becomes 0Vcc, when closed – therefore the filling process will end.
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b. constant setpoint value for oil level, SP = 0,15 m and v = 50 % disturbance influence;

Fig. 6. Simulation results for SP = 0.15 m and v = 50 % disturbance

From simulation results above, given in Fig.6, it can be seen that when the disturbance reaches a
50% value from its maximum, the oil level in the secondary tank needs more time to reach the
setpoint value than the case before. This is caused by the presence of the disturbance – practically
the oil tank is filled but there is a small amount of oil that drains through its lower orifice, causing
the oil level to drop. The electronic control unit must compensate the disturbance influence in order
to maintain a constant oil level in the second tank, the command sent to the actuator – electrovalve
– will be “open - close” according to oil level variation. As it can be seen from Fig. 6, the electronic
controller has an “ON-OFF” output (0Vcc – 24Vcc – 0Vcc) in order to maintain a constant oil level
in the second tank. It can be observed that the oil level is permanently oscillating near the setpoint
value, causing an early mechanical wear of the electrovalve.
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c. constant setpoint value for oil level, SP = 0.15 m and v = 100 % disturbance influence.

Fig. 7. Simulation results for SP = 0,15 m and v = 100 % disturbance

From simulation results above, given in Fig.7, it can be seen that when the disturbance reaches its
maximum value, the oil level in the secondary tank reaches very slow the setpoint value because
meanwhile the tank is filled with oil there is a large amount of oil draining through the lower orifice.
The draining flow value is considerably higher than the case before. In this case, the setpoint value
is reached around 80 s. If the electrovalve would not be opened from time to time, than the tank
will drain totally. In order to maintain a constant oil level in the tank, the electronic controller must
sent “open-close” commands to the electrovalve much more quickly than the case before due to
the higher disturbance value. The “open” time of the electrovalve is significantly higher than the
case before, having very short “close” times. The mechanical wear of the actuator – electrovalve –
will be significantly higher. Filling time of the oil tank is higher in this case, the oil level oscillating
near the setpoint value.
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4. Conclusions
The automated oil transfer system used in an electrohydraulic equipment testing stand is proving
its usefulness because it reduces to almost zero the intervention of the human operator when
supervising the oil level and opening – closing the electrovalve manually.
One noticeable advantage of using the described automated system is that the main oil tank and
pumping station can be placed in a soundproofed room, therefore reducing the noise stress on the
human operator.
Main pumping station can be equipped with an automated oil cooling unit, as an extension to the
transfer system presented, useful when testing time is larger or performing endurance tests on
hydraulic equipment.
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Abstract: Watering plants with mechanized travel and watering sprinkler watering the move
applies to all field crops, with varying rules with low maintenance staff and qualitative indices senior
watering. It is further known embodiment of such different systems by way of the distribution and
position of the water at the plant. These systems can be equipped sprinkler irrigation pivot or linear
and sprinkler irrigation systems and hose reel equipped with ramps and water distribution is done
at plants area.
Keywords: irrigation; LEPA (Low Energy Precision Application); Lesa (Low Elevation Spray
Application); LPIC (Low Pressure In Canopy) and MESA (Mid Elevation Spray Application).
1. Introduction
Systems of irrigation, low pressure LEPA (Low Energy Precision Application), Lesa (Low Elevation
Spray Application), LPIC (Low Pressure In Canopy) and MESA (Mid Elevation Spray Application),
can equip plants watering pivot or linear movement. LEPA, LPIC and LESA systems, apply wet in
culture between plant rows and MESA applies watering system over the plant.

Slope in this case should not exceed 1% of more than 50% of the land surface. The LEPA is a
method of storing water on the soil surface in some furrows broken (divided) or microbasine, where
watering is achieved with low power consumption (because it works at reduced pressure)
contributes to reducing soil erosion ( through the reduction of runoff water) achieved an
improvement in the quality indices of watering (uniformity of watering estimated to be 90-95%),
reduce the consumption of fertilizers by at least 50% (in the case of fertigation), increase yields
agricultural crops and not least increase irrigation efficiency (by reducing operating costs and
increased production). The pressure at the nozzle is about 40 kPa and that the necessary energy
to the system and thus lower the operating costs are lower.
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2. Low pressure irrigations system- LEPA, equipping facilities pivot or linear system
Equipment LEPA (equipment with low power consumption and precise application) applies
watering crops sown in rows on the circle when watered facility pivot or straight rows, when
watered the plant with displaced Front (linear). There are two systems equipment:
- devices for distribution at the soil surface is wet (watering localized pressure: about 40 kPa) or
near ground, valid for LEPA system ;
- with distribution devices for watering 200 - 900 mm surface irrigation (watering by micro
sprinkling, pressure: 70-200 kPa), valid for systems LESA, LPIC and MESA.
LEPA system, is used for watering crops sown on the circle when watered facility pivot or straight
rows, where they watered the plant displacement front.
3. Low pressure watering system LESA equipping pivot or linear system
LESA system, (equipment which applies by micro sprinkler at low height) consists of water
distribution through micro sprinkler near the ground surface at a distance up to 450 mm, on the
ground unprocessed and slope in this case should not exceed 3% more than 50% of the land
surface. LESA wet nozzle system that distributes water at a low height, and the situation is LPIC
systems and MESA, except height distribution and method of distribution.

4. Low pressure watering system MESA equipping pivot or linear system
MESA system, (equipment which applies by micro sprinkler at the average height) consists of
water distribution through micro sprinkler over the plants at a distance as close to plants. This
system allows the distribution of chemicals in the ground unprocessed crops and uniformity
coefficient is about 90%.
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5. Low pressure watering system LPIC equipping pivot or travel system
LPIC system, (equipment who operating at low pressures in culture) is the distribution of water in
the vicinity of plant foliage by the micro sprinkler at a distance of 300-900 mm. This distribution
allows of fertilizers to crops on soil unprocessed slope in this case should not exceed 3% more
than 50% of the land surface and the coefficient of uniformity is about 90%.

6. Low pressure system that equips watering installations with hose reel and drum
Sprinkler irrigation installations with hose reel and can be equipped with ramps and water
distribution is achieved with nozzles or hoses. If the wetting is performed with spray devices with
fixed deflector, this is positioned on the line of the ramp as shown in figure 6 and 7, or in the vicinity
of the culture hose. If desired application or administration to the soil watering liquid fertilizers, the
ramp will be provided with the wet ground hose-like LEPA system.

7. Characteristics of the most common types of sprinklers used for watering pivot system
Sprinkler type

Pressure
(kPa)

Height to the
ground (m)

Benefits

Disadvantages

Shock Wide Angle

170-300

1.8-4.5

The watering reduced

High energy;
effects of exposure
to winds.

Shock Small Angle

170-250

1.8-4.5

The watering reduce

High energy;
effects of exposure
to winds.
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0

70-200

1.8-4.5

Requires less power; smaller
distance between sprinklers.

The watering is big.
Applying chemicals
only above that
crop foliage.

360 spraying
device; small
installation height,
for LESA or LPIC

0

70-200

0.3 -1.8

Requires less power; reduced
exposure to wind effect; small
distance between sprinklers;
some adapters have dragged
hoses type LEPA; chemicals
management is under crops
foliage .

The warering is big.

Multiplace spray
devices with small
deviation

70-200

Variable
height to the
trusses of
LPIC-supply
pipes.

It requires less energy; low drift
and low exposure to wind effect;
several alternative
configurations; many adapters
have dragged hoses type LEPA
and plates for managing
chemicals.

The warering is big.

Rotary

100-300

The variable
height of the
trusses
supply pipes

Diameter greater watered and
the watering less. Good
resistance to the effects of
winds.

Potential for greater
energy required.
Application of
chemical
substances in the
crop foliage.

360 spray, rotary
(mini sprinkler),
rotating the circle;
installation height

LPIC.
Tip spin

70-150

Variable; See
the rotary
type

Low power required; Raindrops
are applied with less force /
pressure.

Application of
chemical
substances in the
crop foliage.

Oscillating spray
plates / rotary

70-150

0.9-1.8

Low power required; rain
droplets; reduced watering rules
applied with less force /
pressure.

Application of
chemical
substances in the
crop foliage

LEPA Bubble-’
(Enforcement
watering system
with low power
consumption,
devices positioned
at 3-4.5 m above
the ground, which
irrigates the form
of a "bubble")

40-70

0.3-0.9

Low power required; usually
alternate furrows are wet and
evaporate less water; have
multiple uses (can be converted
from the bubble and spray, sock
'dragged); excellent options for
managing chemicals at levels
that crop foliage.

Watering extremely
high standards.
Furrows require
watering or other
means
compartmentalized
water accumulation
on the surface of
the land (15-50 mm
water volume).

LEPA Drag Sock

40-70

0 (0)

See LEPA Buble; less erosion
furrows watering the
compartmentalized.

See LEPA Buble.
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8. Conclusions
All systems help to improve the environment, reduce water losses through evaporation, reduce
energy costs, achieved superior qualitative indices of watering works at low pressures and can
equip facilities pivot or linear system.
Water losses associated with different components. Sprinkler watering packages
Sprinkler watering package
Component water loss

With over
watering

MESA type
or spray

Type LESA
or LPIC

Type LEPA

Evaporation rain drop

YES

YES

YES

NO

Divert rain drop

YES

YES

NO

NO

Evaporation in the crop
foliage

YES

YES

YES (but not
significantly)

NO (Only when applying
chemicals)

Stored water
evaporation

NO

YES

YES

YES (significant)

Evaporation of the
ground level-irrigated

YES

YES

YES

YES (limited)

Surface water
movement

NO (but
possible)

YES
(insignifican
t)

YES

YES (insignificant)

Surface drainage

NO (but
possible)

YES

YES

YES (insignificant, unless
measures are applied to the
surface of the water storage)

Percolation

NO

NO

NO

NO
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Abstract: The paper presents complex issues that involves the development of a technology and a
computerized testing stand for reversible hydrostatic pumps and highlights the multitude of
parameters to be measured and monitored in their probation. Using specially developed software,
the computer system control and monitoring, data processing manages the operation and
purchased on a modern instrumentations, proper application and provide documents that show the
results of tests performed.
Keywords: Computerized stand, hydraulic pumps, closed hydraulic circuit, verification of
hydrostatic pumps, stand for testing, experimental verification.
1. Introduction
Reversible hydrostatic rotary pumps (also called "closed loop") are complex high-tech products,
used in a wide range of applications, of which only exemplify their use to achieve hydrostatic
transmissions of mobile machinery.
In order for verification of technical characteristics and periodic certification or after repair, the
pumps must be checked after specific methodology and using specialized test stands.
A modern test system requires the existence of information technology in its structure. In addition
experimental test systems should include in their composition sensors and high precision
transducers, knowing that usually one transducer must be more precise with an order of magnitude
than the precision of the size checked.
2. Tests and checks on hydrostatic reversible pumps
Reversible hydrostatic pumps are subject to two categories of evidence: type and batch. Samples
and checks content is presented in Table 1.
TABLE 1
Item
No.

Checks, tests

Of type

Batch

1

Exterior aspect

x

x

2

The size of principal parts

x

-

3

Principal parts materials

x

-

4

Connection size and gauging

x

-

5

Mass

x

-

6

Geometric volume "in charge"

x

x

7

Geometric volume "without load"

x

x

8

Maximum pressure

x

-

9

Nominal pressure

x

x
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10

Minimum pressure

x

x

11

Maximum speed

x

-

12

Rated speed

x

x

13

Minimum speed

x

-

14

Flow "in charge"

x

x

15

Flow "without load"

x

x

16

Flow pulsations

x

-

17

Strong flow losses

x

x

18

Power at the pump shaft

x

-

19

Noise level

x

-

20

Outside the air tightness

x

x

21

Operation at extreme temperatures

x

-

22

Lifespan (endurance)

x

-

3. Technology for testing reversible hydrostatic pumps
Testing technology for reversible hydrostatic pumps presented in this paper concerns only samples
that are essential for assessing the quality of these products. [1]
For making attempts with research character, such as for example samples for checking
functioning in dynamic conditions, procedures may be supplemented by:
- Elements of measuring physical quantities of mechanical nature (including hydraulic) and convert
them into electrical nature sizes;
- Specialized equipment in the IT (information technology) for signal processing from the testing
process;
- Testing instructions adapted to the special accuracy and the particular nature of the tests.
3.1. General principles
Testing technology of hydrostatic rotary machines will include:
- Hydraulic scheme of proof;
- Structure (composition) scheme of hydraulic test equipment;
- Instructions regarding the development of tests;
- Indications concerning the expression of results verifications;
- Other information necessary for carrying out the tests.
In the category were included run-checks, although it is not a test in itself, but an operating system
product that can be equated with commissioning. [2]
By running product aims to operate at nominal parameters by anointing primary work surfaces in
relative motion and be slack their efforts so they can take maximum contact.
The realization depends on correct running-in of the product and the mean proper functioning.
It is advisable to make the running-in test stand because it allows precise adjustment of product
and functional parameters of the working fluid. [3]
3.2. Measurement parameters
For measuring the parameters presented in paragraph 2 is used, besides conventional
measurement devices and modern equipment where operations are performed using
measurement transducers that offer the possibility of automation and introducing of information
technology in the process of testing. In this way it performs automatic adjustment of the imposed
parameters and automatic recording of the measured parameters. [4]
● Pressure measurement
Pressure transducers most commonly used at equipping test stands for reversible hydrostatic
pumps are:
- With elastic sensitive elements (curved tube, diaphragm, bellows, etc.);
249

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
- With piezoelectric elements.
● Flow Measurement
Reversible rotary pumps circulating flow is measured by direct or indirect methods:
- Transducers used to measure by direct methods are the type with fixed volume measuring
chamber (graduated beaker) and is suitable especially for the drainage pump flows;
- Transducers used to measure flow by indirect methods are: the ratchet driven by jet, turbine,
mass (with production forces Coriolis) with decreasing flow section (diaphragm, nozzle, bellows),
swirl jet (type Vortex) with inarticulate dipping and without elastic reaction (flowmeter), but
immersion articulated (flip).
● Measuring of the rotation speed
The main types of speed transducers used in hydraulics are DC or AC tachogenerators and speed
transducers with photoelectric elements, inductive or magnetic.
● Power Measurement
Determination of reversible hydrostatic pump energetic characteristics requires measurements of
torque and effective powers.
Because the pump always work coupled with another driving unit, power consumption at the pump
shaft can be measured in two ways:
- Directly, with instruments and transducers for electrical power if the pump is driven with electric
motor with known parameters (including yield);
- Indirectly, by measuring the torque drive using torsiometric couplings interspersed between the
spindle motor and pump shaft; in the same time is measured the drive speed also.
● Other sizes involved in the process of testing the reversible hydrostatic pumps - length, time,
strength, temperature, density, viscosity, etc. - can be directly measured with callipers, stopwatch
etc., or indirectly with transducers of various types.
3.3. Sampling scheme and layout
Hydrostatic testing scheme of reversible pumps is shown in Fig.1, and structure (component)
scheme in Table 2.

Fig.1. Hydraulic testing diagram for reversible pumps.
TABLE 2
Symbol

Name and explanations

PP

Tested pumps

F1, F2, F3

Filters 10 micrometres
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Kn

Coupling

M

Drive motor

MS1

Tachometer

MS2

Power Meter

MS3

Oil temperature measurement unit

MS5, MS6

Flow Meter

MS7

Pressure gauge - 100 ... 300 kPa

MS8

Pressure gauge 0 ... 600 kPa

MS9, MS10, MS11

Pressure gauges 0 ... 2.5 MPa

MS17, MS18

Pressure gauges 0 ... 60 MPa

P1

Pumping aggregate 16 MPa

P4

Coolant pump and oil filter

R

Oil cooler and heater

SP1, SP2, SP3

Pressure valves 16 MPa

SP7

40 MPa pressure valve

Dr1

Throttle 40 MPa

Dr2

Throttle 16 MPa

SS

Check valve

D1, D2, D3, D4

Distributors 16 MPa

D7, D8

Distributors 40 MPa

3.4. Testing methodology
Testing methodology presented below refers to reversible hydrostatic pumps, fitted with adjustable
servo-controlled mechanism that is commonly used in applications such as "hydrostatic
transmission". [5]
Apparatus which realise refresh functions, safety and clearing required in a closed hydraulic circuit
(it involves switching valve, non-return valve and pressure valves) are tested separately. On bench
testing for pumps can only made adjustment of pressure safety valves of the working circuit and
the auxiliary circuit.
A. Checks carried out outside the testing stand
- external visual inspection;
- checking of dimensions and outline;
- verification of the mass (weight).
B. Checks carried out on the testing stand
● Testing conditions
- the testing bench should not introduce radial or axial forces at level of drive shaft ;
- drainage pipe shall be so located that the proven pump to be permanently filled with oil;
- the testing bench has a device for continuous regulation and with retaining of the mechanic
servo-control lever.
● Stand Function
- discharge pressure is adjusted by Dr 1 throttle;
- drainage pressure is regulated with Dr2 throttle;
- the pump flow will be measured with the flowmeter MS5, by switching the distributor D3 to
position 2;
- the drainage flow will be measured with the flowmeter MS6, by switching the distributor D4 to
position 2.
● The running-in and checking external seal
Because tested pumps are reversible pumps, will take care that the D7 and D8 distributors to be
switched in such a way that the high pressure will be at measuring apparatus MS17 and MS18.
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Adjust parameters and their values are presented in table 3.
TABLE 3
Sense of
displacer

A →B

The
pressure
at the
connector
A pa [MPa]
pmin

The pressure
at the
connector
B
pb [MPa]
1/3 x pnom

The pressure of
the drainage pdr
[kPa]

2/3 x pnom
B→A

1/3 x
pnom

pmin

pnom

Time
t
[min]

max

t1

max

t2

max

t3

max

t4

Obs.

Check external
tightness

 Zero setting
- during "zero" position adjustment of the pump, servo-command should not be operated;
- setting is done with testing bench in closed circuit (distributor D2 switched to field 1 and
distributor D1 to field 2), by progressive closing of the throttle DR1 and correction of the pump‟s
swing gear downwards the pressure difference measured with the pressure gauges MS17 and
MS18.
● Swinging (tipping) time
- measuring the time in which the capacity of the pump increases from Vg = 0 at Vg = max. is
made with the testing bench in closed circuit mode and Dr1 throttle valve closed completely;
- a swinging command is done to the maximum displacement and measures the time to achieve
maximum power drive, read on the device MS2. Measurement is made for both driving
directions of the pump.
● Functional control
For the functional control will make the following checks:
- verification of the maximum displacement at idle;
- verification of the maximum displacement in full charge;
- internal flow loss;
- drive power in charge.
These checks will be made for both direction of rotation of the pump.
Adjusted parameters and their values are presented in table 4.
TABLE 4
Sense of
displacement

The
pressure
at the
connection
A - pa[MPa]

A→B

The
pressure
at the
connection
Bpb [MPa]
pmin

Drain
pressure
pdr

Measured parameters

[kPa]
< max

nan – drive speed
𝑝
𝑄𝑣𝑔𝑚𝑖𝑛
𝑚𝑎𝑥

pmin

𝑝
𝑄𝑣𝑔𝑛 𝑚𝑎𝑥

pnom

− maximum flow at low pressure
− maximum flow at rated pressure

Qdr – the flow lost by drainage
Pan – maximum drive power
nan – drive speed
B→A

pmin

< max

𝑝

nan; 𝑄𝑣𝑔𝑚𝑖𝑛
𝑚𝑎𝑥
𝑝

nan; 𝑄𝑣𝑔𝑚𝑖𝑛
; Pan; Qdr
𝑚𝑎𝑥

pnom
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The parameters derived are:
- geometric volume without load

𝑝

𝑝
𝑉𝑔 𝑚𝑖𝑛

=

𝑄𝑉 𝑚𝑖𝑛
𝑚𝑎𝑥
𝑔

𝑛 𝑎𝑛
𝑝

- geometric volume with load
- loss of displacement

𝑝 𝑛𝑜𝑚

𝑉𝑔

=

𝑝 𝑛𝑜𝑚

∆𝑉𝑔 = 𝑉𝑔

𝑄𝑉 𝑛𝑜𝑚
𝑚𝑎𝑥
𝑔

𝑛 𝑎𝑛
𝑝 𝑚𝑖𝑛

− 𝑉𝑔

● Adjusting pressure valves
The adjustment of the pressure regulating valves of the reversible pump is done when the throttle
Dr1 is closed to maximum displacement Vg = max and speed n = nnom, and the adjustment of the
pressure valve fitted on the auxiliary pump (refresh pump) is made when Vg = 0 and n = nnom.
- maintaining Vg = max will do for a few seconds (5…10 sec.). A higher duration of operation at
Vgmax with throttle Dr 1 closed leads to overheating the pump because the oil in the circuit no longer
passes through the cooler;
-between two switches to Vgmax, the pump must operate a while (30 ... 60 sec.) in „‟zero‟‟ position,
for cooling.
4. Computerized testing bench for testing reversible hydrostatic pumps
4.1. The constructive and functional principles
Testing bench proposed by the authors for testing the reversible hydrostatic pumps is based on the
following principles:
- allows testing reversible hydrostatic pumps most widespread in the field of hydraulics;
- is built starting from a model that can be fitted with various interchangeable mechanical, hydraulic
or electronic attachments, allowing to perform complete tests for the reversible hydrostatic pump;
- allows further developments and implementation of information technology.
Commands, settings and record for the measured parameters is carried out as follows:
- for batch tests: commands, settings and recording parameters is performed in automatic mode;
- for type and periodic test: the distribution taps‟ command and the adjustment of parameters are
manually done, and recording parameters obtained on tests are automatically.
- the test of endurance: adjustment of parameters of the sample is done manually, and adjusted
parameters are checked and adapted periodically. In this sample does not use automatic control
loops.
4.2. Block diagram of computerized stand
Block diagram of the stand used for testing reversible hydrostatic pumps is shown in Fig. 2.
The stand has two tuning loops through which it controls automatically the following parameters:
- pressure on the discharge side of the pump;
- oil temperature;
Cooling fluid work is done with cooling equipment dipped in the oil.
4.3. The computer system for control and monitoring of parameters
The computer system for control and monitoring of parameters has the role to control the
command elements and to monitor sensors from the stand. [6] The system configures and
monitors the stand in order to achieve type and batch tests for hydrostatic pumps, reversible.
Database management subsystem provides management of the acquired data during sampling
and generates tests result.
Functional, the computer control and monitoring system of parameters consists of an electrical
force subsystem, monitoring and control subsystem, and the subsystem of data bases. [7]
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Constructive, the system consists of electric and automation panel, operator control panel,
transducers and electro-hydraulic command elements located on the stand, PC as well as
electrical wiring of the stand.

Fig. 2. Block diagram of reversible hydrostatic pump test stand

4.3.1. The electrical force subsystem
This subsystem is designed to command the power elements placed on the stand. From the
construction point of view, this subsystem is arranged in the electrical cabinet of the stand and in
the front panel of the stand.
This subsystem ensures command for the following elements:
- the electric motor to drive the proved pumps - M;
- the electric motor to activate pump aggregate of 16 MPa - P1;
- the electric motor for hydraulic cooling and filtration pump - P4;
The subsystem provides both overcurrent protection for electric motors, as well as specific
interlocking booth operation.
This subsystem contains a 24 V DC power supply source too, stabilized voltage for transducers
and electronic modules of the stand as well as for the signalling elements and command buttons
placed on the automation cabinet and the closet panel.
Implementation of the logic of operation of the electrical subsystem of force is made with a PLC.
4.3.2. Monitoring and Control Subsystem
This subsystem contains the electronic module for monitoring and control, the temperature
regulator, transducers and sensors arranged on the stand and electro-hydraulic command
elements..
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Electronic module for monitoring and control, mounted in the electrical closet, manages sensors
and transducers the electro-hydraulic elements of execution, as well as communication with PC.
Electronic module controls the pressure adjustment loop on the discharge circuit of the tested
pump through the proportional throttle Dr1 and pressure transducers MS17 and MS18.
Transducers used in the adjustment loop module are coupled with the electronic module on
separate inputs, in order to ensure rapid acquisition, necessary to regulate, of the parameters from
the process. Transducers and sensors used for monitoring are connected via serial lines. A second
serial communication allows to the module to interface with the PC computer that manages the
database and program testing.
Temperature controller controls the oil temperature adjustment by the heating resistors and the
cooling aggregate based on information received from the system of measurement of the
temperature of the oil. Transducers and sensors disposed on the stand may have interface
modules to adjust the output signal of the electronic monitoring and control module.
4.3.3. The database system
The application software that runs on your PC manages your database with the results of tests,
implements testing program and provides communication with electronic monitoring and control
module. Another function is that of the database server to integrate data acquisition system and
computer control in the system of the enterprise, providing access for the various compartments
(the quality service, sales service, technical service, etc.), to the information obtained during the
tests.
5. Conclusion
The technology proposed for testing stand for reversible hydrostatic pumps represents a modern
solution that:
● allows tests and verifications which are essential for quality certification of the reversible
hydrostatic pumps;
● allows completion special items in order to carry out research activities;
● allows control, adjustments and recording parameters manually, as well as automatic control and
monitoring using the informatic system.
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Abstract: The increase of transformers' medium power per weight unit is a global problem that
appears while using them. In order to increase this percent we have to find more efficient
solutions to yield the heating from the transformer to the outside. A main interest area where
the principle of cooling with heat pipes can be successfully applied is that of the medium and
high power transformers. The use of heat pipes in the cooling circuit of medium and high power
transformers has become a necessity. It can increase the liability of transformers, the reliability
and maintainability of their cooling systems and, last but not least, it can decrease the power
consumed in the auxiliary cooling circuit of the transformer. Changing the classical cooling
batteries of 150 kW from the medium and high power transformers with cooling batteries with
heat pipes was experimented as a sample with thermal dissipated power of 25 kW with
aluminium tubes.
As a conclusion, the use of heat pipes to cool the oil from the medium and high power
transformers has a range of important advantages such as: the improvement of the oil cooling
process, good heat transfer, with possibilities to recover the energy that is currently dissipated
in air, medium and high power transformer's clearance diagram dimensions' reduction .
Keywords: medium and high power transformers, heat pipes, heat transfer, cooling system
1. Introduction
The increasing of reliability of service for mean and high power transformers represents an
important objective in enhancing the performances of electrical equipment intended to energy
branch.
Mean and high power transformers achieved in Romania are fitted with two types of classical
cooling batteries that is: a cooling battery having tubes made of brass and aluminium plates as
paddles and the other cooling battery in a brazed design, aluminium and aluminium alloy honey
comb type.
Currently the transformers are provided with the classical cooling batteries showing a series of
disadvantages: large overall dimensions, reduced reliability and maintenance, increased costs,
efficiency and technical performances under the level of the cooling systems with heat pipes.
Keeping an eye on the disadvantages of the cooling batteries with brass tubes and aluminium or
honeycomb flanges, we recommend the use of a much more efficient new cooling system having
the possibility to recover the heat energy.
Starting from a series of disadvantages the classical cooling systems have, namely big overall
dimensions of coolers, low reliability and maintainability, lack of liability, high costs etc., it was
proposed the replacing of these ones with cooling batteries with heat pipes improving the oil
cooling process, which have the possibility to recover the energy that, in classical version, is
dissipated in air.
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2. New cooling solution with heat pipes
The new cooling system, much more proficient, with possibilities of recuperation of thermal energy,
uses for transformers cooling, batteries with heat pipes 1. These ones are inserted in the cooling
circuit, according to the following fundamental circuit (fig.1).
Transformer

Heat pipes
Cooling battery

Pump

Fig. 1. Cooling solution

The cooling batteries with heat pipes are carried out in two constructive versions that is:
- cooling batteries with steel tubes provided with aluminium paddles;
- cooling batteries with aluminium tubes provided with aluminium paddles.
3. The heat pipe construction
From the view point of the heat quantity transferred by heat pipes, the theoretical difference
between these versions is only 1 - 2 % that one with aluminium being better, but the experimental
results obtained on tubes identical as concerns the dimensions (one of these was made of drawn
pipe of steel, the other one of aluminium) have shown, paradoxically, a very high superiority for
steel. It can be concluded that, the material of witch the tube is made is not restricted by
considerations regarding thermal conductivity, such as it happens for the classical heat exchanger. The heat pipe geometry, as essential element of cooling battery, is presented in fig. 2,
where:
d - outer diameter of container
t - thickness of container wall
pa - paddle spacing
ta - paddle thickness
Lv - evaporator length
La - adiabatic part length
Lc - condenser length
L - heat pipe length
The heat pipe achieves the transfer of a big amount of heat, at a constant temperature, on a
relatively long distance between the source fluid (hot) and the destination fluid (cold) even under
the influence of a small difference between the temperatures of the two fluids, without involving the
consumption of an additional amount of energy. In order to obtain a thermal transfer as good as
possible, the choice of the work fluid adequate to an imposed temperature range, the compatibility
of the work fluid with the container material, and also the setting up of an optimum amount of fluid
are necessary [2], [3].
The cooling battery with heat pipes, in module design, is achieved as an assembly of modules, the
number of which is depending on the dissipated total power of the battery.
The cooling module is presented as an enclosed nest of tubes, bounded by a separation plate in oil
box, air box respectively. The heat pipe is from physical point of view, a device operating
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isothermally on its entire length, in a continuous cycle of removing a great quantity of heat, at a
small difference of temperature between the tube ends [2], 3.
With a view of obtaining a maximum possible thermal transfer, it is required the choice of a
working fluid corresponding to an imposed temperature range, the compatibility of the working fluid
with container material (heat pipe), and not at last, the setting up of an optimum quantity of fluid4.

Lcf

La

L

Lc

The cooling module is formed by a tube beam being placed inside a case, separated by means of
a separation plane in the box oil, air box respectively.

t

pa

Lvf

Lv

d

ta

df

Fig. 2. The heat pipe geometry

With a view of obtaining a maximum possible thermal transfer, it is required the choice of a
working fluid corresponding to an imposed temperature range, the compatibility of the working fluid
with container material (heat pipe), and not at last, the setting up of an optimum quantity of fluid
4. The cooling module is formed by a tube beam being placed inside a case, separated by means
of a separation plane in the box oil, air box respectively.
In the arrangement of heat pipes it has started from a pre-dimensioning of tubes, from reasons of
heat transmission and also from reasons of resistance against the internal pressure of the working
fluid [4], 5.
By the manner of achieving the tube arrangement, the configuration of a heat exchanger in counter
flow is desired, knowing that it is much more efficient the keeping of a temperature difference T,
relative constant during the process, when the working fluid changes successively the heat in
counter flow in "oil phase", carrying out the evaporation and then in "air phase", carrying out the
condensation.
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4. The assessment of heat loss by free convection in the vaporization area of the
experimental model
The case through which the oil circulates in the vaporization area of thermal tubes could not be
insulated , so arising heat loss by free convection to the environment. It will see further on that the
cooling effect of this heat loss on the oil is very little and it can be neglected.
The heat loss can be assessed by means of the method presented further on.
For the free convection in open spaces the criterial equation by means of which it calculates the
coefficient of heat transfer is:
Nu = 0.135 (Gr · Pr)⅓

(1)

Nu – the Nusselt invariant
Nu =

 d


(2)

•  - the coefficient of heat transfer (W / m2 · K);
• d - the equivalent diameter (m);
•  - the coefficient of thermal conductivity of the air (W / m · K) at average temperature
tm =

t p  t amb

2
tp – the temperature of the wall that delivers the heat;
tamb – the environment temperature.

Gr – the Grashoff invariant
g d 3  
Gr =
t
2

(3)

(4)



g – the gravitational acceleration (m / s2);
ν – the coefficient of cinematic viscosity of the air at the average temperature tm (m2/s);
β – the extension coefficient (degree-1);
β=

1
Tm

(5)

Tm – the average temperature tm calculated in K;
Δt – the difference of temperature,
Pr – Prandtl criterion.
After the calculation of the  coefficient , it is possible to determine the heat loss by means
of the formula:
Qp = ·(tp – tamb) · A
[w]
(6)
where :
A – is the lateral surface of the oil bath that delivers the heat to the environment.
Performing the calculations by means of the above described method it is possible to see that for a
temperature of the oil bath wall of 750C and a temperature of the environment of 300C, the heat
loss by free convection is insignificant, a negligible heat quantity in comparison with the functional
performance of the experimental model.
5. Experimental results
In the figure 3 it is presented a partial view of the test bench together with the experimental model
mounted in vertical position is presented.
The main parts of the test bench are:
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oil vessel containing 1500 l of hydraulic oil;
electrical resistances for oil heating;
- cylindrical vessel of 350 l for measuring the oil weight rate;
system for measuring the oil weight rate;
gear pump for oil circulation;
electric panels for control and regulation;
mercury thermometers for measuring the oil temperature at the input and the output from the
cooler with thermal tubes;
different supports, connecting ducts, regulating cocks for oil flow.
The experimental model is mounted on the bench in vertical position. The connections on the oil
side are from flexible rubber tube.
Within the experiment performed on a heat pipe, in close connection with the main geometrical
parameters previously, specified, there are the following experimental variables:
- mean temperature difference
T C
- weight of working fluid from thermal tube
Wf g
- hot fluid speed (oil)
V1 m/s
- cold fluid speed (air)
V2 m/s
The mean temperature difference between the hot fluid and the cold fluid (T) is one of the most
important performance parameters of heat pipes.
The increase of mean temperature difference has a strong stimulate effect on the energy quantity
transferred in the time unit through the surface unit of heat pipe. In order to replace the classical
cooling batteries of 150 kW from mean and high power transformers with cooling batteries with
heat pipes, a cooling module having aluminium tubes with dissipated power of 25 kw and overall
dimensions 700 x 888 x 1034 mm was experimented [5], [6]. The arrangement of the tubes within
this module was done on 2 lines (22 tubes on a line) the separation plate to circumscribe to
condensation and vaporisation zones being arranged such as:
- evaporator length 201 mm;
- condenser length 750 mm.
These 2 lengths are in a ratio considered as being optimal, between the length of condenser,
respective evaporator, the other dimensions related to the geometry of tube and tube
arrangements being presented below:
- tube length
L = 993 mm;
- outer diameter of container
d = 16 mm;
- pipe thickness
t = 1 mm;
- paddle thickness
tA = 0,3 mm;
- paddle length
LA = 836 mm;
- paddle width
lA = 48 mm.
As a work fluid for heat pipes it was used acetone.
The experiments performed together with TRANSTERM BRASOV on a module with the dissipated
thermal power of 25 kW, with aluminium tubes and using acetone as working fluid for the heat
pipe, has shown the increasing of thermal performance, in the same time with oil speed increasing.
The measurements were done on the oil side, where the necessary thermodynamic parameters
could be measured and calculated with accuracy. By means of hydraulic networks used it was
varied the oil flow, respectively were then into account three values of this one, for which
measurements and calculations of other parameters were performed [5], [6].
The mounting of thermal tubes in the case on the oil side was done so that to assure a single
passing through the horizontal spaces between the fins.
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So it resulted the following free section for oil passing:
Soil = 0.078 x 0.194 – [2 x 0.016 (0.194 – 64 x 0.0003) + (0.076 x 0.0003 x 64)] = 8.0792 x 10-3 m2
The mounting of thermal tubes on the air side was done in the case put at the disposal by the
beneficiary. It resulted the following free section for air passing:
Sair = 0.840 x 0.740 - [22 x 0.016 (0.740 – 246 x 0.0003) + (0.840 x 0.0003 x 246)] = 0.3251 m2
The calculation of the functional performance of the experimental model of oil cooler with thermal
tubes was done on the oil side where it was possible to measure and calculate with precision the
necessary thermodynamic parameters.
It presents further on the main used symbols and the main calculation parameters.
• t’1 - the oil temperature at the input in the vaporization area (0C);
• t”1 - the oil temperature at the output from the vaporization area (0C);
• t’2 - the air temperature at the input in the condensation area (0C);
• t”2 - the air temperature at the output from the condensation area (0C);
• tTT - the average working temperature of thermal tubes (0C);
• V1 - volumetric flow rate of oil (m3 / s);
• v1 - the oil rate in the free section of vaporization area (m / s);
• ρ - the oil density at the average temperature from the vaporization area (Kg / m3);
• c1 - the specific heat of oil at the average temperature from the vaporization area and at the
constant pressure (J / Kg.K);
• Q - the heat transfer (the functional performance) carried out by the experimental model with
thermal tubes (W);
• Δ t – the temperature difference that activates the heat transfer process in the experimental
model with thermal tubes (0C)
t  t1  t 2

t2 = t  t1  t1
1
2
'
t  t ''
t2  2 2
2
'

''

(7)

Fig. 3. Partial view of the test bench with the experimental model mounted in vertical position
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TABLE 1
Nr.
Crt.

t1’
[ºC]

t1’’
[ºC]

t2'
[ºC]

t2’’
[ºC]

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

76,30
76,50
76,80
80,10
80,60
80,7,
83,80
83,70
82,30
83,80
83,60
82,90
86,30
86,20
86,50
91,80
91,50
92,60

73,30
71,70
74,30
76,90
75,60
78,10
80,60
78,40
79,60
80,50
78,10
80,20
82,80
80,60
83,70
88,00
85,80
89,60

20,97
21,20
21,70
22,10
22,50
24,50
23,17
23,15
25,10
24,17
22,15
23,20
25,30
24,30
25,30
26,25
27,40
28,10

28,92
29,15
29,75
30,48
30,93
33,45
31,88
31,86
34,95
32,88
30,86
31,91
34,30
33,05
34,35
36,77
37,82
38,25

tTT
[ºC]
39
38
39
41
40
40
42
41
41
42
41
41
43
42
42
44
45
44

V1 x
3
10
[m/s]
2,880
1,703
4,035
2,880
1,703
4,035
2,880
1,703
4,035
2,880
1,703
4,035
2,880
1,703
4,035
2,880
1,703
4,035

1

v1
[m/s]

[kg/m ]

c1
[j/kg*K]

0,355
0,211
0,499
0,355
0,211
0,499
0,355
0,211
0,499
0,355
0,211
0,499
0,355
0,211
0,499
0,355
0,211
0,499

846
847
846
844
844
843
845
842
842
842
842
842
840
841
840
837
838
836

1980
1979
1985
2016
2013
2024
2030
2032
2032
2039
2031
2034
2053
2046
2056
2084
2077
2091

3

Q
[W]

Δt
[ºC]

14,432
13,702
16,940
15,681
14,466
17,900
15,809
15,442
18,639
16,316
16,017
18,658
17,383
16,409
19,512
19,089
16,895
21,160

49,85
48,92
49,82
52,18
51,38
50,42
53,79
53,54
50,92
53,62
54,34
53,99
54,75
54,72
55,32
58,39
56,04
57,92

Fig. 4. The variation of dissipated heat, depending on temperature difference
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The quantity of heat transported by the experimental model with thermal tubes in a certain working
condition, determined by the oil and air temperatures, is calculated by means of the following
formula:
Q = m · c1 · (t’1 – t”1)
(8)
where:
m is the oil weight rate (m = ρ · V1).
The experimental results are presented in Table 1 where the dependence between heat transfer
(dissipated power) Q and mean temperature difference T was set up, for few speeds of oil.
The mean temperature difference T is given by the relation:
T = (T '1 + T1'' ) / 2 - ( T2' + T2'' ) / 2
(9)
where:
T1 ' = oil temperature at cooler inlet;
T1'' = oil temperature at cooler outlet;
T2' = oil temperature at cooler inlet;
''
T2 = oil temperature at cooler outlet.
In figure 2 the variation of the dissipated heat is presented, depending on the temperature
difference for three speeds of the oil.
The experimental model was tested at three different rates of the oil in the free section of the
vaporization area. The influence of this rate on the functional performance can be very well
observed in the figure 4.
At the rate of 0.499 m/s, the dispersion of the points indicates the instability of the operation of the
thermal tubes as a result of the approach to the drive limit.
It appreciates that the optimum rate of the oil is situated in the interval 0.3 – 0.4 m/s.
As the experimental model was built with the fan on the upsetting, it was not possible to do
measurements on the air side. However, using an anemometer with helix connected to a
thermocouple it was possible to do estimative measurements, but it was not possible to use them
at the calculation of the functional performance. For instance, the temperatures t’2 and t”2 of the air
are calculated as arithmetic average of 30 – 50 measurements in different points of the sucking
and upsetting sections. The rate measurements in the same points indicate an estimative air flow
rate of 6.700 m3 / h at the temperature of 250C.
4. Conclusions
As a result of experiments there were drawn the following conclusions:
- at speed of 0,439 m/s, the spreading of the points on the diagram from Fig. 2 denote is the
unsteadiness of heat pipes operation, because of the approaching to drive limit;
- it is estimated that the optimal speed of the oil is the range 0.3 - 0.4 m/s.
In order to improve the functional performance of cooling module, ammonia will be adopted as
work fluid, estimating that functional performance of module will increase with, at least 35%.
The structure of pipes with paddles should be composed of steel pipes with aluminium paddles
(the length of steel pipes will be 2400 mm) estimating that the functional performance will increase
with about 10%.
In conclusion, the use of the heat pipes for cooling the oil from mean and high power transformer
has a range of important advantages against the classical solutions currently used:
- higher heat transfer referred to volume and weight, due to the use of pipes with paddles, both on
the air and the oil side;
- high reliability because every heat pipe of the packet is an independent heat exchanger.
Accidental failure of a number of heat pipes does not lead to the playing out of operation of the
entire cooler;
- reduced working expenses due to the use of fans with much higher powers;
- possibility of achieving a module design, so being obtained high power batteries;
- low energy consumption at the beneficiary, by decreasing the power consumed by the cooling
subsidiary circuit of the transformer.
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From the resulted diagrams, it is estimated that the optimum speed of the oil is between 0 . 3 - 0 . 4
m/s.
To improve the functional performances of the cooling module, acetone will be replaced by
ammonia, hoping for an increase of the capacity of heat delivery by 35 %.
As a conclusion, the cooling of the mean and high power transformers with heat pipes batteries
has many advantages confronted by the classical solution : a higher heat transfer capacity, high
reliability and reduced energy consumption.
There are two possibilities to improve the functional performance of the experimental
model:
1. The thermal tubes must be manufactured with ammonia as working fluid.
It appreciates that the functional performance will increase with at least 35%.
2.
The structure of ducts with fins must be composed by steel ducts with aluminium fins. In
accordance with the experimental results previous to the present contract, it appreciates that the
functional performance will increase with approximately 10%.
Following the tests it was found that the experimental module has a very good availability of
thermal transfer both on the oil side and the air side, being limited by the maximum value of 21 KW
only by the used working fluid. Considering that initially the experimental module was designed for
AMMONIA and knowing from many experimental data the difference of relative characteristics
between the ACETONE and the AMMONIA, it is possible to consider as certain an increasing of at
least 35% of the performance. This would make the model transfers, in the absolutely same
conditions, a quantity of heat of over 28 KW.
If in addition it adopts the solution to change the aluminium ducts with steel ducts (having ammonia
as working fluid), then the thermal performance will still increase with at least 10%, giving the
possibility to the experimental model to transfer a heat quantity of at least 30 KW. Because the
carried out experimental model had a height of 1 m, a half of the height of a cooling module which
will equip the batteries intended for the medium power transformers, it is possible to conclude that
an entire module can dissipate a heat quantity of at least 60 KW.
Thus using three modules in parallel, submitted to a cooling by means of only 2 fans VART 630, it
will be possible to easily reach the performance of 150 KW, required by the cooling battery taken
as comparison element in the study previously performed by us.
In comparison with the existing variant of battery, the advantages of the solution with modules with
thermal tubes are certain and multiple. We shall only enumerate some of them:
the replacement of the 2 fans VATP – 800 SV with fans VATP 630 much lighter, cheaper and
more silent and with an installed power incomparably lower.
the reliability incomparably higher of the batteries with thermal tubes in comparison with any of
the classical variants used at present (practically the batteries with thermal tubes cannot break
down because even the accidental fracturing of a tube does not affect at all the thermal
performance of this one), in contrast with the classical variants where the fracturing leads to the oil
loss and placing out of operation of the battery.
the execution cost of the active part, system of thermal tubes with fins of the battery,
composed of elements with modules, is much lower than the same active elements of the batteries
used at present .
the possibility to carry out the cooling batteries with powers comprised between 25 and 200
KW by connecting independent modules of 25 or 50 KW.
Therefore it observes the possibilities of internal typing with important effects regarding the
decreasing of execution costs, but a real increasing also of the quality of these ones.
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Abstract: The system designed for speed control in hydraulic drives is built on a dedicated module that
contains components which gives them the “mechatronic” features. The “mechanics” consist of a
proportional directional control valve and flow sensors, the “electronics” consist of controller drive and
adapters for sensors, and the “informatics” consist of application software that implement the system
functionality. The paper presents a hydraulic system that uses this kind of mechatronic module in order to
control the speed of cylinder rod.

Keywords: mechatronic, hydraulic drive, electronics
1. Brief introduction in the mechatronic field
The early 70s imposed a new stage in the evolution of modern engineering by the appearance of
an interdisciplinary field of science and technology called "Mechatronics", the principles of which
mechanical, electronic and software are integrated to obtain a product with superior feature.
Mechatronics can be considered a promoter of concurrent engineering. The development of
mechatronic systems cannot be completed without a permanent cooperation between specialists in
the fields of mechanical, electronic and informatics technologies. It is well known two-way
relationship between mechanical and electronic subsystems in the sense that the electronics
influences the shape and functionality for mechanics - often taking over its functions. Also the
mechanical subsystem functionality requires the development of electronics.
Figure 1.1 shows the mechatronic system concept in which mechanics, electronics and informatics
work together to perform a certain function.

Fig. 1. Mechatronic system concept

It can be considered three stages in hydraulics development, basic hydraulic drives that have as
the main feature “force”, the automated hydraulic systems have the additional attribute “precision”
and the hydraulic mechatronic systems that received in addition “intelligence”.
The mechatronic module described in this article is used to control the speed of a cylinder rod in
hydraulic equipment through monitoring and control the flow.
2. Mechatronic module and system description
The mechatronic module is built on a proportional directional control valve, as mechanics,
electronics for drive it, and two flow sensors to monitoring the flow. In the schematic diagram,
shown in figure no. 2, are distinguished three specific components of mechatronic systems:
mechanics is made by a proportional directional control valve DP, and two flow sensors TD1, TD2;
electronics contains a data acquisition board DAQ, the adapters for flow sensors AD1, AD2 and
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the controller for valve drive, informatics contains applications software developed to control the
output valve flow through controller and data acquisition board.

Fig. 2. Mechatronic module-schematic
diagram

Fig. 3. Hydraulic drive that contain
the mechatronic module

In order to test the capacity of the mechatronic module to control the speed, in the laboratory
condition has been developed an experimental hydraulic system. As is shown in figure no 3, it
contains the mechatronic module, the hydraulic cylinder CH, and the fluid pressure-source
represented by a fixed flow rate pump P driven by the electric motor M, the oil tank T and
conditioning elements of the working fluid: filters FS, temperature sensor TrT, level sensor TrN.
3. Hydraulic system testing
Analysis system functionality was achieved both in terms of theoretical and experimental, through
numerical simulation and tests on laboratory stand.
In order to compare the simulation results with the experimentaly ones was developed a testing
program that was implemented in both situation. The objective of the testing program was getting
value imposed constant speed of 100 mm/s, for different loads, constant or variable ones.
These different types of loads has been obtained through a load simulator consists of a load
hydraulic cylinder powered by an auxiliary power source (i.e. manual pump).
The simulation diagram, shown in the figure no.4 presents the hydraulic system consists of power
source, the proportional directional control valve, the hydraulic cylinder, the load simulator and the
electronics consist of a PI regulator.
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Fig. 3. The simulation diagram

The simulation results obtained for an imposed speed value of 100mm/s, are presented in below
table. In this case on the load cylinder was applied a constant force of 5000N, and the speed
value reached at 100mm/s in 2.5 s.

Cylinder rod displacement

Cilinder rod speed

Force on the load cylinder

Flow values in cylinder chambers
Fig. 4. Simulation results

The experimental testing was done on the specialised test stand was adapted so as to maintain
conditions used numerical simulation. As is shown in figure no. 5, it was developed a load
simulator based on a hydraulic cylinder and a manual pump that helped to obtain constant loads
during the tests. The mechatronic module contained a proportional directional control valve and a
gear wheel flow meter.
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Fig. 5. The test stand

The testing program was implemented on dedicated application software developed under
LabView Platform. The application panel and the specific working blocks are presented in fig no 6
and the fig. no 7 presents the experimental results obtained for a 100mm/s imposed speed value.

Fig. 6. The testing software application

Fig. 7. Experimental results
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The experimental diagram, obtained in same condition like theoretically one( imposed speed value
100 mm/s), shows that testing result are closed to the theoretically result: rod displacement 200
mm, working pressure 25 bar, force on load cylinder is almost 5000N ant also the system reaches
to the 100 mm/s speed value in almost 2 s.
4. Conclusions
Comparing the theoretical and experimental data it can be said that the results obtained in the
numerical simulation are very close to the experimental one both quantitatively and qualitatively
(the allure of variation), the deviation being around 5%.
At first glance, given the complexity of the hydraulic system fitted with flow control mechatronic
module, it can be concluded that the theoretical results are very close to the experimental ones,
the numerical simulation program have a capacity of very good description of the dynamic
behavior, especially when referring to the steady evolution. Regarding the transient dynamic
evolution can be observed occurrence override for some parameters obtained in experimental
research.
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Abstract: Given that the current shock occurring when connecting the transformer at the mains
can lead to electrical and mechanical stress in transformer, these can generate failures
compromising the reliability of the power system which includes the equipment (the transformer).
The project we propose aims to detect the size and time of occurrence of the transient current from
the design stage. In order to predetermine the size of the transient current occurring while
connecting the power transformer at the mains, a mathematical model of the transformer was
achieved and validated through tests (simulations, measurements) for the assessment of the
electrical stress in power transformers. The test was carried out on a 15 MVA, 10.5/6.3 kV
transformer, based on its magnetization characteristic. The simulations of the phenomenon
occurring when connecting the transformer to the mains was carried out using LabVIEW 8.6. The
results achieved with simulations are very close to the results achieved through experimental tests
performed in the laboratory.
Keywords: inrush current, transformer, transient regime, LabVIEW simulation.
1. Introduction
In recent decades, the use of computers in various fields of activity has become a necessity. From
the first design stages and up to the final stage (construction) of a product, the computer has
replaced the classic gear. Therefore it was possible to take advantage of effective methods.
Genuine virtual prototypes can be created using the computer, with a view to obtaining products
which meet the functional requirements on the market. Hence the simulation of the
mechanical/electrical systems is carried out until achieving a precise modeling of both system
components and of its operating conditions, enabling fast testing of multiple constructive versions,
for system optimization [10].
Unlike other power equipment, power transformers are complex oscillating systems, which can
undergo failure, for certain forms of voltage, even when the main voltage does not exceed the
voltage determined through sizing.
When connecting the transformer to the mains, very high currents develop in the active parts of the
transformer, which exceed by much the maximum rating of the steady state current.
The reliability of the power system is a matter of interest, due to the fact that the transformer
manufacturer cannot provide information on their behavior when connecting and disconnecting
them to/from the mains, therefore it is necessary to ensure their reliability by predetermining the
size of the transient current.
In order to limit the consequences of excess transient current, technical solutions are available for
implementation in the power system (controlled connection of transformer phases [2]-[4]; fastening
the protections at high levels during connection/disconnection) and solutions relating to the design,
ensuring an acceptable level of transient current.
Inrush current is a problem, because it interferes with the operation of circuits as they have been
designed to function. In a digital world, there is zero tolerance for periods of power failure.
Some effects of high inrush include nuisance fuse or breaker interruptions, as well as arcing and
failure of primary circuit components, such as switches. High inrush currents also require
oversizing of fuses or breakers, which complicates other aspects of testing approvals and may
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compromise protection for other vital components. Another side effect of high inrush is the injection
of noise and distortion back into the mains.
Local transformer engineers currently have no custom software to highlight the electrical and/or
mechanical stress in case of transitory regime. For this reason we considered developing a
program to enable us to predetermine the size of the transient current occurring when connecting
the power transformer to the mains [7]-[8].
2. Theoretical concepts
The following is an analysis of the transient phenomena caused by connecting the transformer to
the mains, leading to overloads.
It is established that when the transformer running without load, the transformer primary steady
state input current is low compared to the rated current, reaching (3-10)% of the rated current [1].
In case of transient regime resulting from closing the circuit-breaker connecting the transformer to
the mains, the current can reach up to five times the rated current value.
In order to determine the inrush current, a sinusoidal voltage is applied at the terminals, such as:

u1  2 U1sin ωt  α 

(1)

where:- u 1  2 U 1sinα - is the voltage applied to the primary at time t  0 ;
- α - the initial phase angle.
The peak value and the flow of the inrush current depend on the value of the voltage applied at the
time of connection (time characterized by  ).
The equation for the operation of the primary is [1]:

u 1  r1i10  w 1

d1
dt

(2)

- where: - r1 - primary resistance, i10 - inrush current, w1 - number of turns in the primary,  1 - the
transformer no-load connection flow (fascicular flow), for simplicity we will consider that this flow
passes through all the series turns of the winding and that it is located in the air gap.
The equation (2) can be written as a relation between the inrush current and the flow, with
reference to inductance:

L T i10  w 11

(3)

- where: LT - total inductance, which should be considered variable within certain limits, according
to the magnetic saturation of the iron.
The equation of the instantaneous flow is given by the relation:



1  1m cosα e




t
τ

t


 cosωt  α   1reme τ


(4)

where:
1m - is the maximum flow corresponding to no-load current:

1m 

2 U1
ωw 1

(5)

and τ is the winding time constant:

  LT / R1

(6)

The total inductance LT is the sum of the leakage inductance and the magnetization inductance in
the first moments of the coupling.
The resistance R1 sums up, at the first moment of transformer coupling, the high voltage winding
resistance and the resistance equivalent to iron loss.
Since the transformer has not been previously connected to the mains, at time t=0 there is no
residual flux in the ferromagnetic core,

1rem =0.
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It has been established that the most favorable situation from the point of view of the transient



regime occurs when 1rem =0 and α=π/2; in this case the aperiodic component, does not exist, and
the instantaneous fascicular flow depends only on the connection current (in a steady state case),
and, as a consequence, the most unfavorable situation occurs when α=0 and 1rem  1 / 21m . For
this situation the transformer is connected when the voltage passes through zero and the residual
flux is of opposite sign to the permanent flux.
3. Software application interface developed with LabVIEW
LabVIEW (short for Laboratory Virtual Instrument Engineering Workbench) is a system-design
platform and development environment for visual programming language. LabVIEW programs are
called virtual instruments, or VIs, because their appearance and operation often imitate physical
instruments, such as oscilloscopes and multimeters.
LabVIEW contains a comprehensive set of tools for acquiring, analyzing, displaying, and storing
data, as well as tools to help troubleshoot the code [14-15].
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.
The interface of the application software developed in LabVIEW is presented in Fig.1.

Fig. 1. The software application interface

The software application interface was based on MathScript RT Module included in the Lab VIEW
program in order to facilitate data entry and in order to obtain immediate results.
LabVIEW MathScript RT Module adds math-oriented, textual programming to LabVIEW. The
MathScript Node offers intuitive means for combining graphical and textual code within LabVIEW;
both are currently used in a number of science, engineering and technology programs and
industries for simulation and analysis. [11-13].
One of the benefits of working with the MathScript Node is the ability to easily “instrument your
algorithms” by using powerful, built-in LabVIEW tools for defining custom interactive user
interfaces.
We define inputs and outputs on the MathScript Node border (Fig.2) to specify the data to transfer
between the graphical LabVIEW environment and the textual MathScript code.
Fract/Exp String To Number Function (see Fig.3) Interprets the characters 0 through 9, plus,
minus, e, E, and the decimal point (usually period) in string starting at offset as a floating-point
number in engineering notation, exponential, or fractional format and returns it as a number.
Visual inspection via graphing is essential in analyzing complex data sets. The single-plot XY
graph accepts a cluster that contains an x array and a y array. The XY graph also accepts an array
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of points, where a point is a cluster that contains an x value and a y value. The bundle function is
used to assemble individual elements into a single new cluster.

Fig. 2. Block diagram with MathScript Node code

Fig. 3. Numeric conversion function

The waveform for the inrush current on the three phases is accomplished with the functions block
from figure 4.

Fig. 4. XY graph of the waveform for inrush current on the three phases
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4. Simulation results
To simulate the transient phenomenon occurring when connecting the transformer to the mains, a
15 MVA, 10.5/6.3 kV transformer, with delta/delta connection was used.
The modeling of the phenomenon occurring when connecting the transformer to the mains was
achieved using the software application interface developed with LabVIEW software.
By determining the flux values with eq. (4), based on the magnetization curve [5], [6], [7], [8], [9],
[10], provided by the producer (Fig.5), we will determine the values of the inrush current.
We achieved a transposition of the magnetization curve, made available by the transformer
producing company, instead of its representation according to the magnetic field (H)-magnetic
induction (B), we get a representation according to the flow (  )-current (I)

Fig. 5. Magnetization characteristic transposing

Fig. 6. The waveform for inrush current on phase A, achieved using LabVIEW software

Fig. 7. The waveform for inrush current on phase B achieved using LabVIEW software
275

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

Fig. 8. The waveform for Inrush current on phase C achieved using LabVIEW software

The inrush current reaches the peak value of 3,724 A, on phase A, where the phase angle is zero
and the voltage when connecting the transformer to the mains passes through zero (see Fig.6).
The inrush current on phase B reaches values of approximately 1,528 A, α=4π/11 (as in Fig.7).
On phase C, the current reaches 1,416 A, α=2π/3 (see Fig.8).
5. Experimental results
Figure 9 shows the diagram used for testing the transformer when connecting it to the mains.

Fig. 9. The transformer testing diagram for the experimental tests

The testing scheme includes instrument voltage transformers, Rogowski coils (CW), equipment for
system data recording and acquisition (Digital recorder Genesis HV 6600 TRAS HBM Genesis).
Rogowski coils are used for current monitoring in precision systems.
The Genesis High Speed Transient Recorders and Data Acquisition Systems share the highest
sample rates and mid to high channel counts. Based on modular platforms, all can be configured
according to the requirements of the application, whether a single channel or thousands of
channels.
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The Genesis High Speed family has signal conditioners for many types of sensors. Many of the
modules offer isolated inputs, even for high voltage inputs, allowing safe measurement of phase to
phase voltage signals. The sample rates range from 20 kS/s to 100 MS/s per channel. Systems
are out-of-the-box and easy-to-use.
The inrush current waveforms were obtained as a result of the test carried out when connecting the
transformer to the mains.
Fig. 10 shows the waveforms for voltage and inrush current on phase A: the transformer was
connected when the voltage passed through zero and the peak value of the inrush current equals
3,721 A. It can be seen that the peak value occurs at α  π/2 .
The inrush current on phases B and C has a lower value compared to the inrush current value on
phase A, 1,524 A current occurs on phase B (as in Fig.11) and 1,407A current on phase C (see
Fig.12). This appears due to a different time at the connection.

Fig. 10. The waveform for voltage and inrush current on phase A achieved by experimental tests in
laboratory

Fig. 11. The waveform for the voltage and inrush current on the phase B achieved by experimental tests in
laboratory

Fig. 12. The waveform for voltage and inrush current on phase C achieved by experimental tests in
laboratory
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6. Conclusion
In order to limit the consequences of excess transient current, technical solutions are available for
implementation in the power system (controlled connection of transformer phases, fastening the
protections at high levels during connection / disconnection) and solutions relating to the design,
ensuring an acceptable level of transient current.
In this paper we propose to determine the value of the inrush current for adopting suitable
protecting equipment.
It can be seen that the transient regime occurring when connecting the transformer to the mains
lasts for a few seconds, after which it is damped according to an exponential equation - which
depends on the primary resistance and on the flux variation in time.
When coupling the transformer to the terminals of phase A at the initial time, the voltage is close to
zero, as well as when the most important shock occurs. This was demonstrated both by simulation
of the phenomenon using the software application interface developed with LabVIEW software and
by experimental tests.
The value of the inrush current which occurs when the transformer is connected to the mains
depends on the time of connection of the transformer to the mains and the initial phase angle.
The mathematical model proposed in this paper can be easily extended for other types of power
transformers, to predetermine the size of the inrush current.
There is always a difference between the virtual model adjusted to the phenomenon under study
and the actual construction of the transformer due to objective deviations between the transformer
design dimensions and real dimensions resulting from its construction.
In the submitted application, the differences noticed are due to inaccurate assessments of the
make current damping.
This deviation will not affect the use of the virtual model for practical
applications focusing on the peak current for protection programming.
Taking into consideration this requirement, the achieved virtual model is more than acceptable.
The virtual model can also be used in the transformer design stage when calculating
electrodynamic forces occurring in transformer windings which are dependent on the peak current
generated when connecting the transformer to the mains.
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Abstract: The design of Power-Take-Offs for marine Wave Energy Converters is carried out using
reference sea state time traces as load cycles for simulation. These are used for the high level
design at the beginning of the design process and for detailed design at its end. However, two
problems arise in this approach. First, the sea state time traces are often generated using
superimposed sine waves with amplitudes defined by wave spectra being prone to statistical
deviations. Second, especially for the high level design this approach is time consuming due to
many simulations needed. Within this paper these two problems are tackled with help of a
characteristic time trace diagram, which is proposed in this paper and enables the evaluation of the
average power of a sea state time trace and its distribution. Additionally, this diagram is used for a
high level design of the hydraulic system in a Power-Take-Off including the cylinder size,
accumulator size, motor size and pressure levels.
The background of the proposed approaches lies in the marine wave energy applications;
however, the method might be used for any irregular load cycles and any hydraulic system
containing accumulators for power storage.
Keywords: Marine Wave Energy, Sea state, statistical analysis, average power, power
distribution, Power-Take-Off, Design
1. Introduction
Marine waves contain energy, which is usually dissipated while hitting the shore [1]. Extracting the
energy of the marine waves before its dissipation can be done with a so called Wave Energy
Converter (WEC). There are several types of WECs, of which one contains at least one body,
which oscillates with the waves. Damping this motion extracts energy from it. This is done with a so
called Power Take-Off (PTO) [2].
A PTO usually features a hydraulic cylinder, which is installed between the oscillating body and a
fixed foundation, transforming the motion into a volume flow impressed by a pressure. This flow
subsequently is treated by rectification, a certain amount of smoothing and transformation into a
rotational motion in order to power an electric generator. Thus, usable electric power, which can be
fed into the main grid, is generated [2]. The PTO type considered here generates the flow with at
least one cylinder, rectifies it with help of check valves, then smoothes it with accumulators and
transforms it into mechanical motion with at least one hydraulic motor.
The main component parameters enabling a cost effective electric power output to the electric grid
within the PTO are the cylinder size, the accumulator capacity and the hydraulic motor size.
Furthermore the PTO`s operation needs to be confirmed in every occurring sea state, which is
done by testing it in artificially generated sea state time traces. Accordingly, following design steps
are usually carried out:


High level design of the general dimensions for a cost effective operation



Design of control algorithm for every degree of freedom
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Detailed design and proof of operation in artificial sea state time traces

While the first step is either heuristic or related to an excessive amount of simulations in an
iterative process, the last step relies on the artificial sea state time traces (SSTT). The second
design step is not relevant for this paper.
Various methods are known to generate SSTT, while the most easy and common one, is prone to
errors as generating wrong spectra and wrong wave distributions, called groupiness [3], [4], [5].
Since other methods are seldom used and difficult in implementation, the focus of this paper is put
on the method mentioned above. In this method sine waves of different frequencies are
superimposed, while each sine wave features an amplitude derived from an energy spectrum [6].
Therefore, this paper focuses on a fast screening method for identifying suitable general
dimensions for a high-level design considering the wave conditions expected and an evaluation
method for the artificial SSTT for comparison against real waves in all frequency domains.
To achieve the above explained aims, the paper is divided into the following parts. First, marine
waves and their sea states are presented in chapter 2. Next, a measure for comparing the power
provided in a sea state is identified and visualized in chapter 3. With this measure methods for the
sea state evaluation and PTO design screening are presented in chapter 4. The paper is
summarized in chapter 5 and an outlook is given.
2. Marine waves
Marine waves result from the wind accelerating the top layer of calm water. Since this process is
irregular, small ripples occur. These are amplified by the wind over time forming larger and larger
waves. Once build up, the energy of a wave is dissipated only in a negligible extent, as long as the
wave is in open and deep water. Thus, marine waves can travel over long distances and can
become decoupled from the wind [1].
The generation of waves takes place whenever wind blows, the direction of the wave propagation
is the same as the direction of the generating wind and different wave frequencies travel with
different speeds. Accordingly, at each position there will always be a superimposing of waves from
different directions and speeds [1]. Thus, the water elevation becomes highly irregular.
2.1 Measuring sea states
The wave measurement is carried out with help of buoys measuring the water elevation over time
at a specific geographic point. The resulting elevation trace can be examined with the Fourier
transformation, returning intensities of various frequencies. These frequency dependent intensities
can be displayed in a diagram as the spectrum of the water elevation trace, shown in fig.1. In the
spectrum the wave peak period TP correlates with the frequency of highest intensity, while the
specific wave height HS is related to the highest intensity.

Fig. 1. Exemplar water elevation trace (SSTT 1) and its spectrum diagram for HS = 5 m, TP = 10 s
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The wave spectrums measured are not only dependent on the weather, but on the location as well.
Thus, typical spectrums for waves were found for the North Sea, the Atlantic Ocean and others.
Furthermore, they are dependent on the water depth and distance of wind penetration [1].
2.2 Artificial sea state time trace generation
Sea state time traces (SSTT) of the water elevation are required for simulation of various wave
heights and periods in order to evaluate the annual energy performance or the proof of operation.
These sea states are commonly selected from location dependent scatter diagrams with the aim to
obtain a reference set modelling the annual water elevation for a specific position, see fig 2 or [7].
However, for each of these sea states either only a limited measured wave trace can be used or an
artificial SSTT needs to be generated. Accordingly, both options only model the reality and
possible modelling errors need to be known. Since this is one focus of this paper, the artificial
generation of sea states is explained in detail.

Fig. 2. Sample scatter diagram with sea state occurrence [7]

The artificial SSTT is commonly generated with a reverse Fourier transformation. Accordingly, sine
waves in discretized frequency steps are superimposed. In the most common approach (method
1), despite being prone to errors [3], [4], [5], the sine waves are generated with an amplitude xA
according to eq. 1 for each frequency ω [6]. Other methods include different definitions of the
amplitudes (method 2), deterministic approaches (method 3) or filtering white noise to get the
desired spectrum (method 4) [3], [4], [5]. These methods 2 to 4 are seldom used. Thus, the focus
of this paper is put one method 1. However, the evaluation of SSTT, proposed in this paper, works
for SSTT generated with one of the methods 2 to 4 as well.
Eq 1: xA  2S ()ω
Examples for method 1 SSTT generations are shown in fig. 3. Frequencies are selected from a
spectrum and the according sine waves are superimposed with a constant zero (left, SSTT 0) and
with a random (right, SSTT2) phase delay. After a time range, according to the least common
multiple of the frequencies, the SSTT repeats itself. For this paper, each sea state has been
generated with 100 superimposed sine waves at frequencies being a multiple of the basic
frequency of 1/300 Hz.
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Fig. 3. SSTT 0 without (left) and SSTT2 with (right) phase delays for HS = 5 m, TP = 10 s

Analysing the sample SSTT following conclusions can be drawn: First, the full SSTT needs to be
considered, because different parts of the sea state provide completely different power, correlating
with wave height. Second, the phase delays have a major influence on the sea state behaviour in
terms of power distribution and peak power. Whether the average power is affected by the phase
delays cannot be told from the diagrams so far. However, it needs to be ensured that a selected
SSTT provides an average power and neither too large waves overestimating the output power nor
too small waves underestimating the wave loads. Accordingly a measure needs to be available for
comparing artificially generated SSTT with real ones. Additionally, with this the error made by using
the inverse Fourier Transform with defined wave height amplitudes (method 1) against other
methods [5] can be visualised.
3. Measure for the power provided in a sea state
For comparing sea states and for screening various dimensions concerning their effect on the total
output energy, a measure of the expected waves is required. This measure needs to incorporate
the expected average energy and its time-dependent distribution. Furthermore, it either needs to
be related only to the wave condition or to the WEC`s behaviour within the waves. Thereby it
needs to be generic, i.e. independent from PTO parameters as cylinder area, accumulator
capacity, motor volume flow and pressure. Furthermore it needs to be usable. Accordingly, this
chapter is divided in the identification of the measure and its visualization.
3.1 Identification
The main reason for building a WEC is to produce electric energy. Accordingly, the energy
produced should be considered when evaluating the PTO in various sea states. However, the total
PTO efficiency is unknown at this point of the design process. This is why the input energy should
be considered instead of the output energy, see fig. 4. Furthermore, to incorporate time variant
effects, the power should be analysed instead of the energy, which is its integration over time.
Thus, the WEC power is considered, which can be described as the product of the PTO force and
WEC velocity. Here it is assumed that the PTO force always acts against the direction of WEC
motion. When furthermore assuming a constant PTO force independent from the direction of
motion, the power can be written as the product of the constant force and the absolute value of the
velocity.
No PTO parameter should have an effect on the measure evaluating the sea states. Thus, the
PTO force, as the product of cylinder area and pressure, should not be taken into account and the
actual water elevation velocity should be considered. Later, for screening the high level PTO
design, the PTO parameters should be used as variables and their estimated effect on the WEC
motion should be considered, too. However, by removing all PTO related parameters from the
input power only the absolute velocity of either the WEC or the water elevation remains. This
absolute velocity is used for the measure. It represents a power normalised by the PTO force of
cylinder area times pressure.
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Fig. 4. Power transfer in a simplified wave-WEC-PTO-system

3.2 Visualization of the measure
The absolute velocity of the water elevation is as irregular, as the water elevation. Thus, it cannot
directly be evaluated. Its distribution over time including high or low speed and power regimes or
peaks, and thus volatility, needs to be considered. Since finally a smooth electric power output
would be ideal for the use of the motors and generators, the average power over various time
ranges is relevant according to the accumulator capacity. Therefore, the absolute velocity is
smoothed with moving averages of different time ranges, see fig. 5.

Smoothing time or moving average [s]
Fig. 5. Moving averages of the absolute velocity

With the absolute velocity displayed in various smoothing steps, information about the volatility is
included twice, once in the original SSTT and second in the various smoothing steps. Accordingly,
the volatility information of the traces can be reduced without losing information on the volatility in
general. Thus, the traces in all smoothing steps are analysed in terms of which absolute velocity
covers which share of the total distance travelled. This relates to the question which installed input
power is required for collecting a certain share of the total power. An example is shown in fig. 6 on
the left side. The first 20% of the distance correlating with the transferred energy can be covered
with velocities below 0.2 m/s, while peaks between 1.2 m/s and 2.8 m/s need to be tapped for the
last 20%.
The procedure of generating horizontal lines for collectable shares of the available power can be
repeated for every smoothing range. Then the three dimensional chart with the axes time, absolute
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velocity and smoothing range can be looked at from the side, so that a two dimensional chart
forms, which does not contain the time anymore. In this chart the percentages of collectable power
appear as points for each smoothing range and can be connected to lines. This gives a
characteristic diagram of a sea state time trace, see fig.6 on the right side, with a line for every
10% step of the collectable power.

Fig. 6. Power percentages in a time trace (left) and characteristic sea state diagram (right)

For further use and easier comparison the characteristic sea state diagram is modified. First, a
logarithmic scale is applied to both axes. Then, the smoothing time range is substituted by a radial
frequency according to eq. 2. This relationship is similar to the common correlation between period
and radial frequency, when considering the smoothing period to be half of a full rotation period.
Finally, the diagram is mirrored, so that the frequency increases from left to right, see fig. 7. This
diagram can either be set up for single sea states or for a full year’s sea state set. The reason for
these cosmetic changes will get clearer when being used for SSTT comparison and for high level
design.
Eq. 2: ω 

1
4 π t Sm oothing

Fig. 7. Final characteristic sea state diagram (SSTT 1)
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4. Methods
4.1 Evaluation of sea states
For evaluating a SSTT it needs to be compared with other SSTT. Thus, it can be ensured that the
analysed one provides a common power distribution at a common power level. Accordingly, the
characteristic sea state diagram is created for several SSTT featuring the same wave height and
period, only differing in either the random phase delays of the single sine waves when using the
method 1 or differing in the method of SSTT generation (method 2 to 4, not focused on in this
paper) respectively measurement. The values of the characteristic sea state diagrams of these
SSTT are then averaged resulting in a mean characteristic sea state diagram. By dividing the
analysed characteristic sea state diagram of the SSTT by this mean characteristic sea state
diagram, differences in average power and in power distribution become apparent.
As an example for this method three SSTT (0 to 2), which have been generated with method 1 are
compared. The SSTT 0 was created with all phase delays being zero, while the other two have
random phase delays, see fig. 1 and fig. 3. By looking at these three SSTT it can be said that the
one with zero phase delays (SSTT 0, fig. 3 left) has a completely different power distribution, while
the other two are similar. However, no statement on average power provided can be made.
In fig. 8 the comparison of the characteristic sea state diagrams are shown. For this the
characteristic diagrams of the SSTT 0 and 2 are shown at the top. At the bottom left, the SSTT 0
with zero phase delays has been divided by the SSTT 2, including non-zero phase delays. On the
right, the SSTT 1 and SSTT 2 are compared. As can be seen, the SSTT 0 shows an average
velocity about six times higher than the SSTT 2, see left for small operation frequencies. However,
this does not result from the huge wave at the beginning of the time trace, because this wave
provides only approx. 10% of the sea state power. This can be deduced from the 100% collectable
power curve being 18 times higher for high operation frequencies than for the SSTT 2. Otherwise,
all power curves are approximately five to six times higher for the SSTT 0 than the SSTT 2 even
for high operation frequencies. This indicates that the velocities occurring for the SSTT 0 are
evenly distributed over the sea state time range and always are higher than for the SSTT 2.
Analysing the SSTT 0 motion in detail (fig.3), it shows many short waves resulting in high, fast
alternating, velocities, while the SSTT 2 includes longer waves with in average smaller velocities.
On the right side of fig. 8 SSTT 1 and SSTT 2, both with random phase delays, are compared by
dividing SSTT 1 by SSTT 2. Three main results can be taken from this. First, despite being created
for the same wave height and period, the collectable power differs strongly by 20 to 25% in
average. Second, the stronger SSTT 2 has disproportionately high velocity peaks, which can be
seen by the 100% collectable power curve being at 0.75 for high frequencies and thus, without
smoothing. Finally, the ratio differs with the frequency considered, see frequencies of approx.
10-2 rad/s. Accordingly, these SSTT are very different and will provoke a completely different PTO
behaviour and output energy.
As the explanation above shows, SSTTs generated with the simple and erroneous method 1
strongly depend on the random phase delays used, influencing both the average power and the
power distribution. Accordingly, special care is required when selecting representative sea states.
However, the same method as applied here can be used to compare any SSTT either measured or
artificially generated for ensuring representative SSTTs.
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SSTT 0

SSTT 2

SSTT 1 / SSTT 2

SSTT 0 / SSTT 2

Fig. 8. Comparison of the characteristic sea state diagrams, top: characteristic diagrams of SSTT 0 and
SSTT 2, bottom left: comparison of SSTT 0 divided by SSTT 2, bottom right: comparison of SSTT 1 divided
by SSTT 2

4.2 PTO high level design screening
Designing a hydraulic system including accumulators for energy storage of irregular load cycles
requires detailed knowledge about the load cycle and the design goals. For wave power
applications the design goal usually is to generate as much electric power as possible in a cost
efficient way. Accordingly, the hydraulic transmission will not be designed for peak power, but for a
power providing a large amount of full load hours. Since the hydraulic motor and the adjacent
generator are rather expensive when compared to accumulator costs, including accumulators in
the design can be cost efficient. This enables a larger amount of full load hours by averaging the
input power peaks and provides a higher output power average with only slightly increased costs.
However, especially during the early design process a selection of the sizes for installed power and
accumulators are related to an iterative process, because for each sea state a time based
simulation is required in order to roughly estimate the accumulator effect. With help of the
characteristic sea state diagram a more straight forward approach is proposed here.
As mentioned before, the characteristic sea state diagram can be used for single sea states as well
as for a full year’s sea state representation. Accordingly, using the diagram of a five minute period
instead of a full year representative does not restrict the explanation, but only the validity when
designing the system. Therefore a five minute period is used for the following example, being the
SSTT 2, with random phase delays, see fig. 3.
As shown in fig. 9, the installed power, correlating with the motor-generator-set size (horizontal
line) can be included in the characteristic sea state diagram by normalising it with the PTO force
consisting of the system pressure and the average cylinder area, see eq. 3. This relationship
requires the y-axis of the characteristic diagram to be the WEC velocity instead of the water
elevation velocity. However, the WEC velocity can be simulated for several possible PTO forces in
advance without excessive simulation effort. Even for a system with a slightly variable system
pressure in the accumulators, this velocity trace will provide a good approximation.
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Eq. 3: v Inst 

PInst,Motor Generator Set
p System ACylinder

The accumulator characteristic can be drawn in the characteristic sea state diagram. The volume
flow an accumulator can take in, in relation to its volume capacity for an accepted pressure
variation and the period of time loading during the load cycle and normalised by its average
cylinder area, see eq. 4, gives a diagonal straight in the characteristic sea state diagram. It shows
the power, which can be absorbed by the accumulators for later use in dependency of the
frequency.
Eq. 4: v Acc 

V Acc
V Acc
 4
2 ACylinder t Smoothing
2 ACylinder

Adding the normalised installed power of the motor-generator-set to the one of the accumulator
gives a characteristic of the power, which can be absorbed by the accumulator and the motorgenerator-set and which can be used for generating electric power (curved line). The lowest line of
the collectable power percentages hit by this power characteristic gives the share of the available
power, which can be used by the motor-generator set, i.e. a statement on the total energy output.
In the example 70% of the maximal available energy can be used for transformation to electric
energy. This can be deduced from the fact that the power characteristic curve hits the 70%-line at
10-1 rad/s. This means that the sum of the normalised motor power and the normalised
accumulator capacity cannot cover input power peaks when considering a smoothing over several
waves equivalent to 10-1 rad/s operation frequency. If the accumulators would be larger, i.e. the
diagonal line further to the top left, the usable energy might increase by up to 10%-points. Finally,
the share of the available power, which cannot be used for generating electric power, will be
dissipated in the hydraulic system, requiring cooling.

Normalised
accumulator
capacity

Total characteristic
as sum of
Normalised
accumulator and motor-generator
motor-generator
power

+
+-

Fig. 9. Use of the characteristic sea state diagram for the high level PTO design process

The approach explained above can either be carried out for a full year characteristic diagram or
separately for reference sea states. The latter enables the use of different operation pressures
used in the sea states, varying the forces on the WEC and thus its motion and changing
accumulator capacities. However, in either case a baseline with suitable PTO parameter values
can be drawn for later optimisation with high-end simulations.
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5. Conclusions and outlook
For wave energy applications SSTT are used for both high level design of roughly optimised PTO
parameters and for detailed design of the final operation. However, by using the common and
simple, but erroneous, generation method with applying random phase delays and defined wave
heights for superimposed sine waves in order to create SSTT, a certain variance in the sea state
power as well as in its distribution is created. Within this paper a method for comparing SSTT was
proposed, featuring the absolute velocity of the water particles as a measure for the collectable
power and using moving averages in various frequency domains for evaluating its time distribution
visualised in a characteristic sea state diagram. First investigations with this method show that the
average collectable power can differ by up to 25% for randomly generated sea states depending
on the random numbers used.
So far simulations in various sea states are carried out for a high level design of the hydraulic
transmission of Wave Energy Converters. Since the duration of the sea states needs to be in the
range of multiple minutes for proper modelling and single aspects of the hydraulic transmission
require a high resolution in time, these simulations are time consuming. With the help of the
aforementioned characteristic sea state diagram a method is proposed in this paper for a fast
screening of high level design parameter options. Thus, a parameter set roughly optimised for cost
efficiency can be found, including cylinder sizes, accumulator sizes, motor sizes and pressure
levels.
The results of this paper can be used for further research in various domains. First, the method for
evaluating various SSTT can be used for a statistical analysis. This statistical analysis can
comprise the variance of various SSTT related values, influences of the discretisation of the
spectrum on this variance, required SSTT length for a reliable model and different SSTT
generation methods.
Second, the high level design with the characteristic sea state diagram can be improved by
considering efficiencies of the various components as well as various control strategies.
Furthermore, the results of detailed simulations can be compared with the results of the high level
design for analysing its accuracy. Additionally, the comparison of different characteristic time
traces of e.g. the input power and the output power provides a tool for evaluating the function of
the transmission analysed similar to a Bode-diagram.
Third, the method using the characteristic time trace diagram might be transferred to other
applications, such as mobile machinery in terms of load cycle analysis and required accumulator
volume estimation. Furthermore, the method could be used for automatic process cycle monitoring
in industrial applications enabling the detection of deviations and identifying potential for
improvement.
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Abstract: Hydro-kinetic turbines operate by using the kinetic energy of the water current in order to
produce electric power. The kinetic energy is easily accessible on most rivers, triggering an
increasing interest for such devices. Unfortunately, the low power density represents an important
barrier to large-scale commercialization. Theoretical Betz law limits the extracted power coefficient
to 0.59, but the real on site maximum values range from 0.4 to 0.45. However, a shroud placed
around the rotor increases the power output by concentrating the flow from a larger surface and
locally increasing the velocity. Thus, the design of the rotor blades is a very complex process due
to the fact that the performance of these turbines depends on various parameters like number of
blades, tip speed ratio, air foil type, blade pitch, chord length and twist angle along the blade.
The paper aims to maximize the performance of a horizontal axis hydrokinetic turbine by assessing
the blade chord length influence on the efficiency of such a turbine. The blade chord length and
twist angle are firstly calculated, and then validated using Qblade software application. The
computations and simulations are performed for a rotor provided with available data from previous
tests achieved on site.
Keywords: Chord, blade, hydrodynamic profile, hydrokinetic turbine
1. Introduction
In order to avoid dam constructions, the river kinetic energy can be used directly using kinetic
turbines. These types of turbines are easy to install; their operation is very simple while the
maintenance costs are affordable. The water velocity of 1 m/s is characterized by an energy
density of 500 W/m2 on the cross section, but unfortunately only a part of it can be extracted and
converted into useful mechanical or electrical energy. The parameters that influence the
conversion efficiency are mostly related to the type of rotor and blades. The water velocity is
particularly important. For example, from theoretical point of view, a double velocity determines an
8 times increase of the generated power.
The research is based on a previously developed rotor, [1], for which operational data is available
(extracted power, rotational velocity, power coefficient curves). This rotor is used to compare the
obtained results regarding the efficiency improvement achieved by varying chord length from hub
to tip. Thus, the rotor geometry was reproduced by using the Qblade software application in order
to evaluate its performance (power curve and power coefficient curve – Cp).
The simulation software uses the Blade Element Momentum (BEM) method in order to predict the
turbine efficiency for the user-defined rotor geometry. The results were compared to the previously
recorded data on site for this type of rotor. The differences between the simulations and in situ
experimentation were insignificant, thus validating the software application and related
computational method for this application.
Several chord lengths were determined using computation methods available in the literature
which allowed the increase of the conversion efficiency in a given speed range for the turbine rotor.
The variation of the chord length along the blade and the twist angle can be studied by simulation
in order to choose the optimum blade shape for an increased efficiency. The characteristic data for
the rotor was imported into the Qblade software resulting a 3D model. This type of graphic can be
used for both simulations and for reduced scale experimental models on a compatible 3D printer in
order to be tested on a dedicated testing stand.
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2. Preliminary design features
The design stage started from a rotor geometry developed by the research team of ICPE-CA in a
project conducted in 2006 (CEEX project no. X2C17/2016) [1]. Previously carried out tests showed
a good capacity of the rotor to extract power from the water stream, e.g. a power value P of 28 W
for a water velocity of 0.95 m/s. The micro-hydrokinetic turbine with constant cord length along the
blades is shown in Fig. 1.

Fig. 1. Micro-hydrokinetic turbine developed in CEEX project no. X2C17/2016 [1]

In addition to the classical calculation and design methods applicable to such equipment, an opensource software application was used in order to run simulations that will determine the blade
chord influence on mechanical and energy conversion performances. The objective of these tests
is to identify a rotor with improved operating characteristic curves synthesized by Cp = f(λ) and P =
f(n). The 3D geometry of the rotor imported in Qblade application is presented in Fig. 2.

Fig. 2. 3D geometry of the rotor imported in Qblade application software

Based on recommendations suggested by literature and results obtained by successive
simulations, an optimum rotor geometry was achieved, which allows the increase of the conversion
efficiency by maximizing the power coefficient Cp for certain operating regimes. The improved rotor
was chosen based on the study and simulation of several rotors solutions - with constant chord
length along the blade chord, with variable cord length determined by calculation, with variable
twist angle β along the blade length.
Aero-hydrodynamics profiles constitute basic elements in the construction of the turbine rotor
blades. The aerodynamic profile represents a closed flat curve which determines the motion of a
fluid around in order for it to have a low drag resistance and high lift. The profile of the blade is
defined by the following geometry [2]:
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Chord, indicated by C, is the maximum distance between two profile points, coinciding to
the segment bounded by the profile ends horizontally supported;
 Trailing edge - the point of the blade from the rear end;
 Leading edge - the contact point of the profile to the trailing edge and center of maximum
radius;
 Rear of the profile - the half profile characterized by the greatest convexity located between
the trailing and leading edges;
 Underside profile - the concave or the lowest convex part which is located between the
trailing and leading edges;
 Thickness of the profile, denoted d, is the diameter of the circle-inscribed in profile; d/C is
called relative thickness.
The blade profile related to the studied rotor is Gottingen 449. Thus, certain parameters specific to
the profile could not be modified. Instead, the software application allows the modification of chord
length and twist angle as shown in Fig. 3.

Fig. 3. Improvements in the structure of the rotor blades to
determine the optimal geometry

3. Optimum chord length calculation for each section along the rotor blade
The chord profile, denoted by C, coincides to the segment bounded by the leading edge and
trailing edge. The coordinates of the profile are determined based on the chord length C in the form
x/C and y/C and define the main shape and thickness characteristics. The chord length C can be
obtained by equalizing the torque of the rotor determined by the momentum theory to the torque
obtained by applying the blade element momentum theory (BEM) and considering Cd – Drag
coefficient other than zero [3]. Thus, C can be written as:

8 a` rλπ sin 2 φ
C=
( C L sin φ - C D cos φ )B( 1 - a)

(1)

Where B is the blades number, α – the angle of attack, λ – tip speed ratio (TSR) and φ=α+β. The
term a represents the induction factor and is defined as the fractional decrease of the water
velocity between the freesurface flow and the rotor plane and can be determined using the
folowing relation:

Cp = 4 a(1 - a)2

(2)

The momentum theory is valid only if a < 0,5. The term a represents the angular induction factor
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and can be defined as a fractional increase of the angular velocity based on momentum
conservation principle. It can be determined using the following equation:

Tanφ =

(1 - a)
λ( 1 + a`)

(3)

CL lift coefficient and CD drag coefficient can be determined using the specific graphs for certain
airfoil profiles. The most relevant polar diagrams are CL/CD or CL= f(α) and CD= f(α) [4]. Similar
methods for calculating the hydraulic rotors and hence the length of the chord profile can be found
in other papers [5], [6], proposing a simplified formula for calculating C as follows:

C=

8πr sin φ
3BCL λ

(4)

Where r represents the radius for each profile section along the blade, φ is the angle between the
water velocity vector and the plane of rotation, being calculated using the relation [7]:

φ = tan-1( 2 / 3 λ )

(5)

The formula applies to the ideal rotor when Cp is 0.59 and a = 1/3. If the Cp value is expected to be
lower, the formula is adjusted accordingly using the relation (2) which estimates the value of a.
The above formulas allow the determination of specific elements characteristic to the design of a
hydraulic rotor. The calculations were implemented in a spreadsheet. Firstly, it was necessary to
determine the angle of attack based on Gottingen 449 polar diagrams. Thus, polar curves CL/CD
and CL/α were generated using the XFOIL application under GNU General Public License. The
maximum value of Reynolds number considered for this application by taking into account the
water velocity of up to 2 m/s is 200.000. The attack angle selection procedure based on polar
diagrams is represented in Fig. 4.

Fig. 4. The attack angle selection procedure based on the polar diagrams of the Gottingen 449 profile

Input data for the rotor computation consists of:
 Water velocity: 0.9 m/s;
 Rotor diameter: 0.5 m;
 Rotor blade length: 0.2 m;
 Hub Diameter: 0.1 m;
 Number of rotor blades: 4.
The obtained results were summarized in Table 1, wherein the input elements and the calculated
parameters are represented for a rotor diameter of 0.5 m.
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TABLE 1: Input and calculated parameters for a 0.5 m rotor
Input parameters
Attack
Lift coefficient
angle α
CL
(degrees)
7
1,2

ωR
[m/s]

TSR
(λ)

2,36

2,62

2,12

2,36

7

1,88

2,09

1,65

Calculated parameters
Chord
Twist
φ
length
angle β
(degrees)
[m]
(degrees)
17,66
0,049
10,66

Section radius
r [m]

φ (rad)

0,25

0,308

1,2

0,225

0,340

19,48

0,053

12,48

7

1,2

0,2

0,379

21,70

0,059

14,70

1,83

7

1,2

0,175

0,427

24,45

0,066

17,45

1,41

1,57

7

1,2

0,15

0,488

27,95

0,075

20,95

1,18

1,31

7

1,2

0,125

0,567

32,48

0,086

25,48

0,94

1,05

7

1,2

0,1

0,672

38,51

0,100

31,51

0,71

0,79

7

1,2

0,075

0,815

46,70

0,116

39,70

0,47

0,52

7

1,2

0,05

1,010

57,86

0,135

50,86

Fig. 5. Blade imported in Qblade application using the calculated parameters

When considering the blade construction, the most important data refers to the chord length for
each section along the blade and the twist angle β. Computed values were imported into Qblade
software for 3D construction in order to achieve the necessary simulations. The basic geometry of
the blade is shown in Fig. 5.
4. Evaluation of the hydrodynamic profile chord influence on the hydrokinetic turbine
performance
Successive simulations achieved by Qblade software were performed in order to study the effect of
the chord length for each section. The program generates specific curves to the computed
parameters when one of the input data variables varies in the given range (attack angle, velocity,
rotational speed). QBlade analysis, compared with a more complex CFD analysis, displays several
limitations. One limitation worth mentioning consists in acceptable accuracy for high Reynolds
numbers. Also, the effect of additional elements (the turbine shaft, nose cone) is not taken into
account. Instead, the resulted curves and diagrams focus on the assessment of the extracted
power and power coefficient Cp variation depending on the tip speed ratio. Thus, it is possible to
simulate profiles and rotors in a short amount of time in order to select the proper blades based on
an optimal mechanical energy output. In this case, the application was validated by using the rotor
with Gottingen 449 airfoil type developed in the previously mentioned project [1]. The power
diagram was generated for several water velocities (0.5m/s, 0.6m/s, 0.9m/s). The power curves are
shown in Fig.6 and Fig.7 for comparative analysis.
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Fig. 6. The power curve for the Gottingen 449 rotor tested in situ

Fig. 7. The power curve for the Gottingen 449 rotor simulated in Qblade software application

The simulation results are similar to those obtained following the developed tests. The numeric
application does not consider the influence of the hydraulic rotor hub and turbulences disturbing
the flow, thus reflecting in insignificant differences between simulations and experimental testing.
Once the preliminary results for this type of rotor were established, it was possible to perform
simulations on a new hydraulic rotor with chord lengths and twist angle β determined according to
Table 1. The most relevant results were summarized in Fig. 8 (for water velocity of 0.9 m/s). The
rotor was initially tested at a maximum water velocity of 0.9 m/s, so the simulations were carried
out only up to that velocity in order to analyze the difference between the considered rotor and the
optimized version.
Given the shaft size and the fact that the rotor has 4 blades, the maximum length of the blade has
been limited to 0.105 m. It can be observed from Fig. 8, that the power extracted for the rotor
provided with constant chord length is larger than in the case of the initial rotor for the 0 – 25 W
and 0 - 60 rpm range. Instead, the rotor with variable chord length produces low power in this
range, but brings a larger increase of the maximum power for up to 7-8% in the 70 - 120 rpm
range.
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Fig. 8. Extracted power for the simulated rotors

The conducted research shows that the influence regarding the power generated could be
assigned also to the chord length and twist angle. The simulations have shown that certain
computational models contribute to a blade design with better conversion efficiency in certain
speed ranges. The efficiency is expressed through the power coefficient Cp and reaches 0.45
according to simulations. Given the absolute maximum limit of 0.59 indicated by Betz theory, the
results are satisfactory for the considered operation conditions.
For the next research stage, it is important to validate the simulation results suggested by Qblade
software. In order to perform experimental testing for hydrokinetic turbines, special testing facilities
have been designed [8]. Recently, ICPE-CA has acquired a modern facility for testing small scale
hydrokinetic turbines, shown in Fig. 9. Thus, the research team benefits of the experimental stand
which is equipped with all the necessary equipment for small scale models operating at water
velocities of up to 1 m/s. A detailed description of the stand is described in [8].

Fig. 9. Experimental stand for testing axial hydraulic turbine models

The blade resulted from the design stage can be easily exported to the 3D printer and can be
produced from ABS for testing. For the moment, the influence of the chord length variation along
the blade has been demonstrated.
The use of computational models and recent developed software application based on numerical
analysis allowed the design of a hydraulic rotor with increased performance. Furthermore, the
experimental results could be compared to the computational model and simulation software in
order to validate each design stage.
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5. Conclusions
The computational model and simulations were performed starting from previous available data
recorded on site during another research project. The tested rotor was developed in a previous
project [1]. The performed tests provided very good results for certain operation conditions. The
design of the rotor blades is a very complex process due to the fact that the performance of these
turbines depends on various parameters like number of blades, tip speed ratio, air foil type, blade
pitch, chord length and twist angle along the blade.
The paper intended to investigate the design elements which improve furthermore the conversion
efficiency for the hydrokinetic rotors. Based on the experience of the research team, new
contributions in the field and modern simulation techniques, it has been shown that changes in
chord length along the blades and variation of the twist angle have a great impact regarding the
power output. The most favourable values were chosen for the design of an optimum hydrokinetic
rotor with a maximum diameter of 0.5 m in order to maintain permanent comparison to the initial
rotor. The objective of the paper has been met by identifying means to maximize the performance
of a horizontal axis hydrokinetic turbine and the blade chord length influence, respectively.
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Abstract: Artificially cereal seed drying is widespread in order to ensure their conservation,
because by reducing the water content, a loss in microbial activity is achieved and that allows
storage of long periods of time without the need for complex storage installations. The thermal
conductivity of the seeds increases with the growth of the humidity. That is why the cereal seed
mass stores about 85% of the heat resulting through self-heating, this leading to a rapid
temperature increase. The transfer of heat is one of the most common ways of energy change
between two systems that present a difference of temperature, the mechanisms of transfer being
the thermal conduction, the thermal convection and the thermal radiation.
This paper proposes a mathematical model for the convection drying of seed in two different drying
boxes and achieving the CFD simulation for both of them. Due to the CFD simulation of the drying
process of seeds, the time evolution of the temperature and humidity fields at any point in the
product layer can be viewed in a graphical form. By means of the CFD simulation was optimized
the construction of the drying boxes so that one could obtain a uniform distribution of the air
currents and of the temperature fields in the cereal seed layers.
Keywords: CFD simulation, air flow, cereal seeds
1. Introduction
Drying cereal grains removes many dangers of harvesting and storage of agricultural products with
high humidity. Processed cereals can often be considered as solid foams and their constitutive
walls, mostly a blend of starch and proteins, may be envisioned like a composite material. The
change between cellular intermediate scale and composite micro-scale may be achieved by
mechanical modelling using numerical methods.
For both scales, imaging methods (microscopy and tomography) provide relevant description of
product structure, which can be meshed and used in computer software for mechanical simulation
[1]. The mechanical properties of cereals are essential to define their texture which is linked to
sensory attributes, such as firmness, crispiness, crunchiness [2, 3]. Differences of mechanical
properties may also be of nutritional consequence [4].
The need for rigorous stewardship of thermal regime of grain dryers requires technical-functional
knowledge of plants used for drying seeds and presents a great importance because it allows to
obtain a global picture regarding certain categories of performance. After the drying process, grain
seeds for consumption or for animal feeding, are able to be stored and to respond properly to
processing and handling.
The proposed small capacity drying plant is a pilot one, which can modify and monitor in real time
several important parameters such as the drying agent speed, air temperature and humidity,
product temperature and humidity. These physical parameters are useful in order to achieve the
process modelling and simulation.
The model concept has many meanings that can refer to a machine, a concept, an equation, a
person etc. In the most general sense, the model is a material construction, depending on the
purpose, having a likeness or similar behaviour like the model object.
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The model is a representation of reality used to analyse the original behaviour under different
conditions. The model is, in most cases, a simplification of the original, while maintaining only the
essential elements of this significant [5].
2. Materials and methods
The heat is brought into the product layer by means of hot air (convection). Water vapour produced
are taken out of the air, which is the mass transfer medium. Once the heat penetrates the grain
mass, the mass transfer (water) starts inside the product to its surface. The water can easily reach
the surface of the product or product easily occurs the phenomenon of evaporation. The water then
moves under the influence of capillary forces and due to shrinkage of the product during
dehydration. Towards the end of the drying process, the water transfer is slower because of the
dried layer formed on the surface of the product.
The experiences of drying products were made in the Department of Agricultural Mechanization of
the University of Agricultural Sciences and Veterinary Medicine “Ion Ionescu de la Brad”, Iaşi,
Romania, using laboratory facilities for drying agricultural products. The laboratory dryer allows
control and monitoring of the drying process parameters that can be chosen by the user before or
during the drying process. The dryer can be equipped with a rectangular box (fig. 1) or a cylindrical
box (fig. 2).

a.

b.

Fig. 1. Laboratory dryer scheme with rectangular box: a – functional scheme; b – general view; 1 – fan;
2 – temperature sensor; 3 – humidity sensor; 4 – isolating layer; 5 – control panel; 6 – electrical resistances;
7 – cold air; 8 – body; 9 – hot air; 10 – velocity sensor; 11 – drying cells;
12 – humidity sensor for the used drying agent.

a.

b.

Fig. 2. Laboratory dryer scheme with cylindrical box: a – functional scheme; b – general view; 1 – fan;
2 – temperature sensor; 3 – humidity sensor; 4 – isolating layer; 5 – control panel; 6 – electrical resistances;
7 – cold air; 8 – body; 9 – hot air; 10 – velocity sensor; 11 – drying cells; 12 – fixed cover; 13 – mobile cover;
14 – change of section.
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Mathematical modelling is used in design, in the operational and optimization work. For the same
process (physical, technological) or object models are possible, depending on the purpose, the
available data, the degree of abstraction etc.
The mathematical model of the convective drying process is based on the theory of fluid dynamics,
mass balance and energy. Mathematical model equations on the movement of air flow are
presented below.
The differential equation of continuity is obtained by applying the principle of conservation of total
mass to a fixed volume element using the formula:
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(1)

in which: ρ – fluid density,  – time, v – fluid velocity with the three components (vx, vy, vz).
Mass transfer equation from the cereal grains to the intergranular space is described
mathematically by partial derivative:
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in which Nabla operator () is:
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in which: ρa – air density, Xa – air absolute humidity, τ – time, u – air velocity vector, Deff – diffusion
coefficient of water in the product.
The equation for heat transfer between the drying agent and the seed grain is described
mathematically by the equation:

( a  c p( a )  p  c p  c pH2O  X) 

T
 c p ( a )    ( a  u  T )  k   2  T  S h


(4)

in which: ρa – air density, ρp – product density, cp(a) – air specific heat, cp – product specific heat,
cpH2O – product water specific heat, X – absolute humidity of seeds at a specific point τ,
T – absolute temperature, u – air velocity by three directions, k – product termic conductivity,
Sh (W/m3) – termic source term.
The geometry meshing of the cylindrical box is hybrid. The cylindrical tubing meshing is structured
and in the region of the three seed layers, an unstructured mesh is achieved (fig. 3).

Fig. 3. Cylindrical box meshing
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3. Results and discussion
The influence of heat can be favorable only if applied wisely regarding the correlation of the
following three factors: the temperature of the drying agent, its speed and temperature of the grain
seed. During the drying process, humidity vary continuously downwards after complex laws. In
order to maintain a high proportion of the qualities as the initial seed is required a close correlation
between the temperature and humidity of the drying agent. The air flow was numerical simulated in
both the rectangular and the cylindrical drying boxes. Because the velocity profile doesn’t cover
corners, in the middle section of the air flow, for the rectangular box, turbulences occur both for low
and high air velocities (fig. 4).

Fig. 4. The current velocity lines field inside the rectangular box for the
o
air temperature of 313 K (40 C) and air velocities of 1 m/s and 2.5 m/s

The air field lines obtained in the cylindrical case with three layers of seeds have a laminar flow at
the entrance of the box and along the cylindrical sieve can be seen a uniform distribution of hot air
throughout the surface layers of seeds subjected to drying (fig. 5).

Fig. 5. The current velocity lines field inside the cylindrical box
o
for the air temperature of 313 K (40 C) and air velocity of 2 m/s

In fig. 6 and fig. 7 are presented the longitudinal and cross section representations of the
temperature field (K) for the air velocity of 2 m/s and the air temperature of 313 K (40oC) in the
three seed layers.
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Fig. 6. The longitudinal section representation of the temperature field (K)
o
for the air velocity of 2 m/s and the air temperature of 313 K (40 C)

Fig. 7. The cross section representation of the temperature field (K)
o
for the air velocity of 2 m/s and the air temperature of 313 K (40 C)

4. Conclusions
After the drying process mathematical modeling, CFD simulations have been made for the two
boxes with three seed layers. The results regarding the distribution of the seed temperature, in the
three layers of the cylindrical box, had medium values that varied from the first to the last layer as it
follows: the medium value reached was 311 K (38oC) in the first layer, 305 K (32oC) in the second,
and 301 K (28oC) in the third one. By means of these CFD simulations calibrated with the
experiment, one can make a sufficiently exact model, so that it could be used for other types of
seeds too. The main condition is that the entry data introduced in the simulation and obtained
experimentally should be as exact as possible. By means of the CFD simulation one can optimize
the working process in the cereal seed drying.
References
[1] S. Guessasma, L. Chaunier, G. Della Valle, D. Lourdin, “Mechanical modelling of cereal solid foods”,
Nantes, France, April, 2011, Trends in Food Science & Technology, Vol. 22, pp. 142-153;
[2] L. Duizer, ”A review of acoustic research for studying the sensory perception of crisp, crunchy and crackly
textures”, Albany, New Zealand, January, 2001, Trends in Food Science & Technology, Vol.12, pp.17-24;
[3] H. Luyten, J.J. Plijter, T. van Vliet, “Crispy/crunchy crusts of cellular solid foods: a literature review with
discussion”, 2004, Journal of Texture Studies, Vol. 35, pp. 445-492;
[4] T. Takahashi, F. Hayakawa, M. Kumagai, Y. Akiyama, K. Kohyama, “Relations among mechanical
properties, human bite parameters, and ease of chewing of solid foods with various textures”, 2009,
Journal of Food Engineering, Vol. 95 pp. 400-409;
[5] P. M. Cârlescu, “Modelling and numerical simulation of industrial physic processes” („Modelarea și
simularea numerică a proceselor fizice industriale”), Editura Performantica, Iași, 2005.
302

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

BIODIESEL PRODUCTION FROM MICROALGAE
Emilia GÎLCĂ, Cerasel VĂRĂTICEANU, Claudiu TĂNĂSELIA,
Marius ROMAN, Cecilia ROMAN
INCDO-INOE 2000, Research Institute for Analytical Instrumentation, 67 Donath st., 400293 Cluj-Napoca,
Romania, emilia.gilca@icia.ro

Abstract: Biofuels production have received much attention due to the increasing global climate
changes. Recently, research interest has focused on the microalga, due to the fact that has shown
high potential for lipids accumulation. Based on the preliminary results obtained, a technology for
the production of biodiesel from Nannochloropsis oculata microalgae was identified taken into
account the lipids extraction and the algae oil transesterification. The biodiesel obtained followed
the requirements of the SR EN 14214:2010 standard.
Keywords: biofuels, microalgae, biomass, lipids, cyanobacteria, transesterification, oil extraction
1. Introduction
The production of biofuels has recently received much attention worldwide due to the widespread
use of fossil fuels such as petroleum, coal and natural gas that cause several environmental
consequences [1,2].
The most common biofuels are biodiesel and bio-ethanol, which can replace diesel and gasoline,
respectively, and they are mainly produced from biomass or renewable energy sources [3].
First generation of biofuel have the potential to increase the cost of food crops making biodiesel
production more expensive. Second generation biofuels do not affect food security and have
significant advantages over first generation oil crops. Third generation biofuels source, microalgal
oil represents a viable alternative, in terms of social and economic acceptability and can potentially
be employed for the production of biofuels at rates high enough to replace a substantial fraction of
the fossil fuels usage [4,5].
Microalgae are prokaryotic as Cyanobacteria (Cyanophyceae) or eukaryotic photosynthetic
microorganisms, for example green algae (Chlorophyta) and diatoms (Bacillariophyta) that can
grow rapidly and live in harsh conditions due to their unicellular or simple multicellular structure
[3,6]. Among other feedstocks available for biodiesel production, microalgae have advantages as,
high growth rates, higher photosynthetic efficiency, higher biomass production, high lipid contents.
Moreover, according to biodiesel standard published by the American Society for Testing Materials
(ASTM), biodiesel from microalgal oil is similar in properties to the standard biodiesel, and is also
more stable according to their flash point values [2]. Several microalgae have shown potential for
biofuels production including Chlorella sp., Scenedesmus sp., Nannochloropsis sp., Botryococcus
braunii, Chlamydomonas reinhardtii due to their relatively higher lipid content [7,8].
Biodiesel production involves solvent extraction of the lipids from algal biomass and a chemical
reaction called transesterification in which triglycerides react with methanol or ethanol in the
presence of a catalyst to yield fatty acid methyl esters (FAME). Transesterification process lowers
the viscosity of the oil and enhances its volatility [8,9].
The aim of this study is to give an overview of microalgae as a potential source for biodiesel
production.
2. Microalgae lipid content for biodiesel production
Many microalgae species can accumulate substantial quantities of lipids, thus contributing to a
high oil yield. The average lipid content varies between 1 and 70% but under certain conditions
some species can reach 90% of dry weight. Table 1 presents lipid content of different microalgae
species [3]. Also Cyanobacteria, have been studied for biodiesel production. Anahas and
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Muralitharan reported that, among the eleven heterocystous cyanobacterial strains tested,
surprisingly, the top biomass producer was Calothrix sp. MBDU 013, while its lipid content was
lower than A. sphaerica MBDU 105, which stand second in terms of lipid productivity. On the other
hand, Nostoc sp. MBDU 013, Anabaena sp. MBDU 006 and Nostoc sp. MBDU 007 showed a
lower lipid content. Similar results were reported by Da Ros for filamentous heterocystous
cyanobacterium, Trichormus sp. CENA77 with maximum lipid productivity for the unicellular
cyanobacterium, Synechococcus sp. PCC7942. Therefore, biomass productivity may be
considered as an adequate criterion for biodiesel production only when associated with lipid
productivity [10]. In case of using the Microcystis aeruginosa, by a two-stage process, such as
coagulation followed by flocculation, 90.1% of lipids were converted to biodiesel [11]. By comparing
two freshwater cyanobacteria, Oscillatoria sp. 50A and Synechocystis sp. NN, the findings clearly
suggest that the Synechocystis sp. NN can be used as a suitable feedstock that is amenable for
cultivation using wastes as nutrient source [9]. Singh et al., sustain that based on the recent
advances in designing more efficient metabolic pathways in cyanobacteria, it is hoped that cleaner
and safer energies are produced in the future to meet market demands at competitive prices [12].
TABLE 1: Lipid content
Microalgae species

Lipid content
(% dry weight biomass)

Ankistrodesmus sp.

24-31

Chlorella sp.

10-48

Chlorococcum sp.

19.3

Dunaliella sp

17.5-67.0

Ellipsoidion sp.

27.4

Isochrysis sp.

7.1-33

Isochrysis sp.

7-33

Nannochloris sp.

20-56

Nannochloropsis sp.

12-53

Nitzschia sp.

16-47

Scenedesmus sp.

19.6-21.1

Skeletonema sp.

13.3-31.8

Tetraselmis sp.

12.6-14.7

3. Microalgae biodiesel value chain stages
All existing processes for biodiesel production from microalgae include a production unit where
cells are grown, followed by the separation of the cells from the growing media and subsequent
lipids extraction.
Light
CO2
H2O
Nutrients

Cultivation

Harvesting

Biomass
processing

Oil
extraction

Culture recycle
Nutrients recycle
Biodiesel
Fig. 1. Schematic representation of the algal biodiesel value chain stages
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Fig. 1 shows a schematic representation of the algal biodiesel value chain stages, starting with the
cultivation system for microalgae growth, biomass harvesting; then, it follows the processing and
oil extraction to supply the biodiesel production unit [3].
4. Transesterification technologies in the production of biodiesel
In the process of transesterification, alcohols such as, methanol, ethanol, propanol, butanol, and
amyl alcohol are key substrates. Methanol is applied more widely because of its low-cost and
physical advantages. Several techniques, such as alkali, acid, or enzyme catalysed processes may
be applied in transesterification. The advantages and disadvantages of these methods are
presented in Table 2. It was found that alkali catalysts have higher reaction rate and conversion
than acid catalysts for the transesterification of triglyceride. In the process, the free fatty acid
(FFA), may react with the alkali catalyst to form soap and water. In order to prevent the loss of
alkali catalysts in the process of reaction, additional catalysts must be added to compensate for the
catalyst loss to soap [2].
TABLE 2: Transesterification technologies [2]
Type of
transesterification
Chemical
catalysis

Enzymatic
catalysis

Advantages

Disadvantages

The reaction conditions can be controlled
Large scale production
The methanol produced can be recycled
The cost of the production process is
cheap
High conversion of the production
Moderate reaction condition are necessary
Small amount of methanol is required
No pollution to natural environment

The reaction temperature is relative
high and the process is complex
The process need much energy
The later disposal process is complex
An installation for methanol recycle is
required
Limitation of enzyme in the conversion
of short chain of fatty acids
The chemicals are poisonous to
enzyme
High temperature and pressure in the
reaction condition leads to high cost of
production and waste energy

Supercritical fluid
techniques

Easy to be controlled
It is safe and fast
It is friendly to the environment

5. Preliminary results
In the NUCLEU project a lab technology was realized for the production of the 3rd generation of
biodiesel from algae. The technology presents the following stages: oil extraction from
Nannochloropsis oculata microalgae with hexane, using dynamic extraction (Soxhlet extraction)
followed by the algae oil transesterification, using a transesterification process in two stages: a
pretreatment stage with acid for free fatty acids transmethylation, followed by alkaline catalysis for
the conversion of triglycerides into methyl ester. The experiments for algae oil extraction with
hexane were carried out with the following objectives: mass ratio hexane: algae and extraction time
(extraction efficiency) [13].
The experiments for the algae oil transesterification with methanol were carried out taken into
account the following parameters: molar ratio: methanol: oil, KOH quantity as catalyst, reaction
temperature, agitation speed, reaction time, in order to determine the reaction transesterification
efficiency. Also, the material balance, for the algae oil transesterification reaction with methanol in
alkaline catalysis and in the pretreatment stage with acid was carried out [13].
The analysis of the biodiesel obtained with the realized technology showed that the quality
requirements of the SR EN 14214:2010 standard were obeyed, except for iodine index, which
reflect the degree of unsaturation of the feedstock. In order to remove the problems of biodiesel
stability in time, the biodiesel obtained should be subjected to a hydrogenation step to decrease
the level of unsaturation and thus it increases the oxidation stability [13].
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6. Conclusions
The findings clearly suggest that the biofuels obtained from algae has the potential to revolutionize
the energy industry playing a leading role in the fight against greenhouse gas emissions.
The preliminary studies showed that the Nannochloropsis oculata microalgae are a potential
feedstock for biodiesel production.
The analysis of the biodiesel obtained from the microalgae oil showed that the quality requirements
followed the SR EN 14214:2010 standard.
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Abstract: In this paper we simulate a flood from Tarnava basin, as sub-basin of the Mures river,
with the software MIKE 11. In the Tarnava river basin most of the floods are generated by rain. The
annual runoff in the Târnave river basin is influenced by the rainfall depth, evaporation,
morphometrical characteristics of the flood channel, cutoffs coefficient and hydrogeological
conditions of the drainage areas. When calculating the runoff we should include a series of
parameters that will take into account the influence of accumulations and embankments built to
prevent floods. Also, other parameters can be mentioned related to the cutoff coefficient, the
morphometrical characteristics of the flood channel and the deposits.
Keywords: flood, flooding, cross section, causes, effects, river
1. Introduction
In this paper we choose a white space erodible river in Timis basin, for a flow simulation in Mike11
from DHI[1].
The Târnava is a river in Romania. It is formed by the confluence of the Târnava Mare and
Târnava Mică in the town of Blaj. The Târnava flows into the Mureș after 28 km, near the town of
Teiuş. Tributaries of the Târnava, besides its two source rivers Târnava Mare and Târnava Mică,
are the Tiur, Izvorul Iezerului and Secaș from the left and the Șoimuș from the right. Its drainage
basin covers[2] an area of 6,253 km2 (2,414 sq mi)(Figure 1) [7].

Fig. 1. Map of Tarnava River [6]
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There is emphasis on the practical importance of maximum runoff observation on watercourse
management works. The analysis of the maximum runoff genesis as well as the distribution of the
values according to genesis was based on a comparative analysis of the climatic and hydrologic
variations.
The most serious floods in Tarnava river basin, occurred in May 1970, July 1975, March 1981,
December 1995-January 1996 and June 1998. The flood analyses from 1970-2004 periods at
Sarateni hydrometric post illustrate a great number of important floods in May 1970, July 1975,
May 1978 and May 1984, followed by a period of 10 years with modest floods until 1995. The last
decade presents floods in April 1999 and 2000,May and August 2005.Floods vary according to
seasons, the most numerous occurring in spring (30%-45%), less in autumn (6%-10%). The
maximum frequency is in April and March, followed by June. [3]
The hydro-technical works in Târnava basin started as a result of important damages caused by
the floods in 1970 and 1975. They implied the construction of some storage reservoirs, both
permanent and non-permanent, to protect different objectives within the territory. By means of
redistributing the flow during the year, they created a balance in the hydrologic system,
compensating for minimum discharges and decreasing the maximum ones. [3]
For this model of the river bed we need the following elements need to be studied:
a. Data location and description of the catchment area, applicable to Tarnava ;
b. Data on power sources aquifer basin, applicable to Tarnava;
c. Balance river flows in the Tarnava;
d. Reporting to the climatological normal space Tarnava basin.
e. Hydrometeorological regime for Tarnava catchment area. [2]
2. Tarnava flow simulation in the riverbed by MIKE 11 Program
a. Mike 11 Software
MIKE 11 is synonymous with top quality river modelling covering more application areas than any
other river modelling package available. Mike 11 is useful for project deals with flooding,
navigation, water quality, forecasting, sediment transport, a combination of these or other aspects
of river engineering.
The software has a lot of benefits:
 MIKE 11 can get one of the world‟s most well proven and widely applied 1D river modelling

packages

MIKE 11 is the preferred choice for professional river engineers when reliability, versatility,
productivity and quality are keywords

It is a powerful river modelling toolbox with more features than any other river modelling
package

MIKE 11 is the software product, which made the MIKE brand name synonymous with top
quality modelling software from DHI and it remains one of the most widely used MIKE by DHI
products.[8]
On the Input/edit side MIKE 11 features:
• graphical data input/editing
• simultaneously input/editing of various data types
• copy & paste facility for direct import (export) from e.g. spreadsheet programs fully integrated
tabular and graphical windows
•
importing of river network and topography data from ASCII text files
•
user defined layout of all graphical views (colours, font settings, lines, marker types etc.)
On the Output side, advanced presentation facilities are available, including:
• coloured horizontal plan graphics for the system data and results
• animated presentation of results in horizontal, longitudinal and time series plot
• synchronized animation of results
• presentation of external time series
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• copy & paste facility for exporting result tables or the presentation graphics into other
applications (spreadsheet, word processing or others)
a.

Modeling equations

The equations for the flow cross-section are the Saint-Venant equations (eq.1, 1‟, 1”) and for along
the riverbed flow, the turbulent flow equations, i.e. equation for turbulent kinetic energy (eq. 2),
dissipation equation ε (eq. 3)[2]:
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with C  a constant.
b.
Boundary conditions of the flow:
Boundary Conditions of the flow are:
• discharge flow upstream of the control section, downstream;
• tributaries flow;
• condition for convergence solution-end flow, Q = 0;
• water depth, h (1 † 2.0) m;
•weather-wind, currents;
• conditions for Q / h downstream flow (never upstream).
c.

Modelling flood

We are modelling a flood of Tarnava river from 2015.
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First of all, we need a cross section of the river. The cross sections are integrated in the MIKE11
simulation as a function. For example, the function Width (Level). As a result, forelands with a dike
between river and foreland have to be simulated separately: otherwise the foreland will already
contain water before the water level reaches the top of the dike. Processed data look like follow
(Figure 2):

Fig. 2. Cross section in Mike 11[6]

Here we make a subdivision below the branch name in „TOPO-IDs‟. This can be used for
calculating alternative cross sections for one branch[4]. The TOPO-ID being used in the simulation
has to be defined for that branch in the network file (tabular view). The last point being mentioned
in this chapter is related to the markers of a cross section. For the coupling especially the marker
No 2 is obligatory (Bottom of profile). Using the option “Cross Sections/Apply to all sections” the
markers 1, 2 and 3 can be updated for all cross sections at once. By using “Settings/CrossSection/Update Markers” one can select which of the markers have to be updated. Processed data
look like follow (Figure 3):

Fig. 3. Branch name TOPO1
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Based on topographic data, initial hydraulic data and data obtained by graphic-analytical and also
the limnimetric key of Tarnava riverbed using MIKE 11 software was simulated a flow specific to a
situation of flood in 2005 (Figure 4).

Fig. 4. Flow simulation for three flow discharge in 2015.

The result of the MIKE 11 simulation program consists of a contemporary representation while
during flood flow path on the Tarnava course, viewing velocity vector (green, Figure 5) for the
entire length of the river.

Fig. 5. Flow visualization and velocity vector along the riverbed Tarnava.
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The final results of modeling with MIKE 11 program are plotting and maximum rates for the flood of
2007 (Figure 6) and flow profile along the riverbed Tarnava (Figure 7) .

Fig. 6. Shares riverbed for flood in 2015

Fig. 7. The final flow profile along the riverbed Tarnava and water level

On the length of Tarnava river was represented the allowance variation of the riverbed, the
distribution of the velocity vector for related shares initially introduced in the program.
Conclusions
For studying the flow in the Tarnava riverbed[5] eroded with environmental risk were analyzed
elements: location and description of the hydrographic area, data sources feeding the aquifer basin
data sources feeding the aquifer basin balance flows to the hydrographic area Tarnava for 2015,
reporting to the climatological normal catchment area Tarnava; morphological and morphometric
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elements of the bed of the guests; Tarnava riverbed proper flow modeling; risk analysis in the
event of floods.
Building the model accordingly to Tarnava basin riverbed assumed the existence of a stage
modeling that was done with the program MIKE 11 situation of 2005, the hydrograph basin
Tarnava, based hyetogramm rainfall; then simulated the flow along the river, indicating the
distribution of speeds of flood related natural hydrograph.
Environmental risk analysis appropriate basin bed Tarnava imposed through some stages of
analytical calculation and construction of flood wave hydrograph and its separation into its basic
components, and use the same program to raise MIKE 11 hydrographer.
Following theoretical and experimental findings about river conditions change in response to the
liquid phase flows and sediments are:
Current depth is directly proportional to fluid flow and inversely proportional to the flow of solid
material dragged;
• limits the embankments of river bed varies in direct proportion to the flow of liquid and solid
material;
• varying flow is directly proportional to the variation solid ratio width / depth;
• slope of the river bed varies in direct proportion to solid and grain alluvial flow and inversely
proportional to fluid flow;
• river meanders rate is directly proportional to the variation in relief and inversely proportional to
the solid flow.
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Abstract: The paper analyzes the production of electricity with carbon negative balance from local
biomass gasified with TLUD process which produces 15% biochar that is incorporate in agricultural
soil. They compared the CO2 emissions of a gasoline-powered electric generator HONDA and
syngas-powered produced a TLUD gasifier. It follows an absolute emission of CO2 in the
environment only 22.3 g.CO2/kWhe, 2% of emissions from gasoline. Biochar incorporated in
agricultural soil sequesters -2,428 kg.CO2/kWhe, contribute to increased fertility and agricultural
crop production.
Keywords: negative carbon balance, biomass, CHAB concept
1. Introduction
Production of heat and electricity with biomass gasifiers is known in the World War II could work
more than one million vehicles powered by wood or charcoal gasifiers. Currently imposing the
requirements of sustainable development was returned to biomass gasification technique to
another level of knowledge and technology to produce energy with zero or negative balance of
CO2. For example is the graphic presented in figure 1. [1, 2, 3, 7, 8]

Fig. 1. Agricultural use offers Carbon Negative Energy
{Stefan Czernick (NREL) and Mathew Realff (Ga Tech)}

Sustainable development of agriculture requires more green energy and maintaining and
enhancing the productive capacity of the soil, the as low as possible use of mineral fertilizers in
favour of compost, The which correlated with the present environmental requirements results in the
need to increase the residual biomass generated by agricultural activities. [1, 3, 4, 6]
As an alternative to current methods of thermal energy production from biomass it is proposed the
CHAB (Combined Heat And Biochar production) concept which includes also the biochar (BC)
generation. BC is a sterile organic material obtained from biomass pyrolysis in an oxygen-free
environment or with a sub stoichiometric concentration, with alkaline pH. It has a carbon content of
80-95% and it is characterized by high porosity and adsorption capacity. [3, 4, 5, 6, 12]
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The biomass gasification in CHAB concept uses the biochar byproduct gasification during power
generation, as the carbon store that can be collected and sequestered. Sequestration is much
easier than flue stack CO2 gas capture and storage, as char is a solid and easy to handle. Biochar
is equally important as a soil amendment, with surprisingly powerful benefits to plant productivity,
soil biological activity, water retention, pest management and mineral uptake in plants. And as it is
known to be stable in soil for 100s to 1000s of year timeframes, it is a low tech and cheap method
for carbon storage, already with a scaled infrastructure via global agriculture. [1, 3, 4, 7, 8, 15, 16]
Generating electricity from biomass, such as urban waste and sustainably-sourced forest and crop
residues, is carbon-neutral: it produces as much carbon as the plants suck out of the atmosphere.
Examples are the current achievements of the ALL POWER LABS, V-GRID ENERGY SYSTEMS,
DIARBON, ECOERA and EPRIDA. [11, 15, 16, 17, 18]
V-GRID ENERGY SYSTEMS has developed a 100 kW generator that runs on farm waste biomass
and can generate electricity for as 0.02 per kWh. In contrast, farm utility power in California
average 0.15 and diesel costs over 0.20 per kWh. Solar require a 10 year + commitment
whereas our mobile system require just a few month lease trial. Our systems can also co-produce
biochar soil enhancers optimized for farm’s needs. [18]
The below is an example of a 500 kW V-Grid Server Array, figure 2, with one month capacity fuel
silo for 24/7 on-demand power. V-Grid’s Bioenergy Servers can be both mobile and stationary.
Each Bioenergy Server consists of a gasiﬁer and a generator pairing, that can be deployed to
remote well sites or be linked together into an array to produce 24/7 on-demand power for large
scale operations. [18]

Fig. 2. V-GRID power station generating 500 kW V-GRID on a farm

Recent development by EPRIDA, Inc. has made this technology more scalable to agricultural
industries with two sizes of pyrolysis units. The first processes 1-ton of biomass per hour unit and
produces 1 MWe of electricity, 1 MWth of usable heat and 136 kg. biochar per hour. The second
processes 25 kg of biomass per hour, producing 25 kWth of heat and 25 kWe of electricity and 9
kg. biochar per hour. The Eprida process was developed through research conducted with the
National Renewable Energy Labs, Oak Ridge National Laboratory, the Pacific Northwest National
Laboratory, U.S. Dept. of Energy, USDA EPRIDA, Inc Agricultural Research Service, University of
Georgia and Iowa State University. [15]
Most gardeners and farmers would excitedly embrace any method that results in increasing their
yields by even a few percentage points. The results of Diacarbon’s initial growth trials that studied
the application of biochar to tomato plants should truly give them reason to celebrate. Recently,
Diacarbon’s research and development team showcased our biochar in a few landmark growth
trials that revealed dramatic improvements in plants survival alongside yield increases of nearly
70%. [16]
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2. Material and method
For example compares the production of electricity with a generator type HONDA EU3000i Handi
supply with syngas from gasifier TLUD in a concept CHAB. [5, 10, 14]
In figure 3 shows the block diagram of the Honda electric generator syngas powered.

Fig. 3. Block diagram for power system with CHAB

Biomass is gasified with a TLUD process to produce syngas and biochar. It used a biomass
derived from fruit prungins, shredded and dried to 15% moisture. To produce syngas with very little
tar the temperature migratory pyrolysis front is maintain of over 700 C, leading to a ratio of only
15% of high quality biochar. The characteristics of the processed biomass gasified with TLUD are
shown in table 1. [6, 9, 10]
TABLE 1: Shreded biomass from gasification
Feature

M.U.

Shreded
biomass

Relative masse

real

1,0000

0,1500

0,8500

Carbon

real

0,4081

0,8729

0,3261

Oxygen

real

0,3796

0,0255

0,4421

Hydrogen

real

0,0503

0,0216

0,0553

Ash

real

0,0120

0,0800

0,0000

Humidity

real

0,1500

0,0000

0,1765

MJ/kg

15,3000

25,5061

13,4990

%

100,0000

32,08

67,92

%

100,0000

25,0100

74,9900

CO2 foot print

kg.CO2/kWhth

0,00522

0

0

CO2 foot print
(th – thermic)

kg.CO2/kg

0,022185

0,019365

0,0072341

L.H.V
Carbon content
Energy content

Biochar

Gasified
biomass

As analyzing CO2 emissions are taken in computing and specifically carbon foot print
(kg.CO2/kg.bm) product harvesting, chopping and drying, which are then distributed to gasified
biomass and biochar. [13, 19]
TABLE 2: Gasifier in CHAB concept
Feature

M.U.

LHV cold syngas

MJ/Nm

Syngas density

Value
3

kg.gas/Nm

3,800
3

1,192

Carbon in syngas

kg.C/Nm3.gas

0,130

Specifique biochar production

kg.bc/Nm3.gas

0,148

kg.C/kg.bc

0,873

Carbon in biochar

3

CO2 specifique foot print
(bc – biochar; gas – syngas)

kg.CO2/Nm .gas
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Gasification regime is optimal to a ratio A/F = 1.5, which produces 2.15 kg.gas with molar mass of
26.7 kg.gas/mole and density of 1.192 kg.gas/Nm3 and LHV of 3.8 MJ/Nm3. [5, 9, 10]
From gasifier there result syngas and biochar. Carbon from biomass is distributed 68% in syngas
and 32% in biochar. The datas is presented in table 2.
Syngas is tar craching, filtering and supplies the generator engine. Biochar is cooled, minced and
inserted into the in agricultural soil.
3. Results and discussions
Gasoline powered HONDA electric generator has a specific consumption of 0.313 kg.g/kWhe
leading to a specific CO2 emission of 1.110 kg.CO2/kWhe; data are presented in table 3.
TABLE 3: HONDA generator gasoline powered
Feature

M.U.

HONDA Power (nominal)
LHV gasoline

Value

kWe

2,800

MJ/kg.g

42,700

Specifique emission

kg.CO2/kWhth

0,299

Specifique emission

kg.CO2/kg.g

3,546

kg.g/kWhe

0,313

kg.CO2/kWhe

1,110

Specifique gasoline consum
HONDA Specific CO2 emission
(g – gasoline ; e -electric)

In order to calculate CO2 emission has been reported syngas carbon used in thermal engine which
was added the carbon foot print. [13, 19]
Syngas supply follows a specific emission of 2,450 kg.CO2/kWhe higher than that of gasoline use
since these it contains more hydrogen and a better thermal efficiency.
Biochar from biomass to produce 1 kWhe introduced in agricultural soil leads to a negative balance
of 2.428 kg.CO2/kWhe, very close to the emission from engine. It follows that in evironment
balance sheet total is 22.3 g.CO2/kWhe, ie 2% of emissions from gasoline.
Given the nature in carbon cycle, where CO2 and solar energy are transformed in biomass through
photosynthesis and biomass consumed regenerate a balance resulting final -5,988 kg.CO2/kWhe,
which proves that real power is produced with negative carbon balance.
Consumption data of syngas powered HONDA electric generator is in table 4.
TABLE 4: HONDA generator syngas-powered
Feature

M.U.

Value

ICE yeld with syngas

real

0,200

Electric generator yeld

real

0,930

Global yeld

real

0,186

Nm3/kWhe

5,093

Specifique CO2 emission

kg.CO2/kWhe

2,450

CO2 retention in soil from biochar

kg.CO2/kWhe

-2,428

Total CO2 balance

kg.CO2/kWhe

0,0223

%

2,014

kg.CO2/kWhe

-5,988

Specifique syngas consum

CHAB/gasoline emissions
CO2 balance with photosynthesis
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4. Conclusions
By using biomass for power production with CHAB concept can produce electrical energy and
biochar with a negative carbon balance in environment, which leads to a CHP concept with a
negative carbon balance without CO2 sequestration.
Biochar from biomass to produce 1 kWhe introduced in agricultural soil leads to a negative balance
of 2.428 kg.CO2/kWhe, very close to the emission from engine. It follows that in evironment
balance sheet total is 22.3 g.CO2/kWhe, ie 2% of emissions from gasoline.
Given the nature in carbon cycle, where CO2 and solar energy are transformed in biomass through
photosynthesis and biomass consumed regenerate a balance resulting final -5,988 kg.CO2/kWhe,
which proves that real power is produced with negative carbon balance.
Biochar inserted into the in agricultural soil sequester between 25 and 40% of the carbon from
biomass, reducing CO2 emissions in environmental and enhancing soil fertility which substantial
increase of the food production.
Plants producing electricity with carbon negative balance from local biomass supply can provide
real energy independence in isolated areas.
The results are in good correlation with the data from figure 2 which indicates that the analyzed
constructive solution fits into the trend of producing energy with negative carbon balance.
The analysis carried out involves aspects of the local and global variation of entropy, a subject that
will be analyzed in the following studies.
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Abstract: The operating process of the spraying machines used for pest and disease control in
vine plantations is complex and requires studies and research in order to optimize. Inadequate
plant protection treatments can lead to high production losses and increased pollution of the
environment, and in special of the soil. In order to reduce the amount of pesticide entering the
environment studies were carried out on sprayers with recovery of the liquid pesticide which did not
remain on the foliage system of the treated plants. An integrated scientific study, based on
mathematical modeling and CFD simulation, was performed in order to predict the trajectory of the
pesticide droplets dispersed from the nozzles towards the surface of the recovery panel, in various
operating parameters. Based on the results of mathematical modeling and CFD simulation of the
opearting process a laboratory test rig was designed and built in order to perform experimental
tests.
Keywords: nozzle, spraying machine, vine plantation
1. Introduction
The application by dispersing of the pesticide liquid in vine plantation is a complex working
process, which involves a continuous equilibrium between maximizing the efficiency of the
treatment and minimizing the residuals and environmental pollution as a result of drift and loss of
phytosanitary substance.
The working process is affected by different factors, such as dose of liquid pesticide and the
dispersed volume [1, 2], distribution of the dispersed liquid [3], the dimensional spectrum of the
droplets [4, 5, 6], the volume of air [2, 7, 8], the pattern of distribution and the speed of the airflow,
[9, 10, 11, 12], the speed of dispersion of droplets [13, 14], the weather conditions [15], the crop
characteristics [16] etc. The large number of adjustments and settings of the spraying machines
and environmental parameters involved in vine plantations spraying make the analysis of the
workflow as a whole to be difficult, costly and with major implications on the environment.
Therefore, the combine use of integrated mathematical modeling and CFD simulations
(Computational Fluid Dynamics) with the experiment is a scientific endeavor, which responds to
the new technological requirements.
The number of papers that deal specifically with modeling and CFD simulation is steadily
increasing, which leads to a permanent improving the mathematical models by increasing
accuracy, while helping to compare different sprayng systems and their performance.
This paper presents the mathematical modeling and CFD simulation of the opearting of process
specific of a sprayer, with the aim to observe the flow of air and the trajectory of droplets from
nozzles to the recovery panel. CFD simulation enables the optimization of the settings of the
spraying machine in order to obtain uniform dispersions of the liquid pesticide and better recovery
rate of the liquid in collecting panel [17].
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2. Material and research method
2.1. The sprayer with recovery pesticide
A pesticide recycling system was designed and built, in order to recover the liquid pesticide which
is not retained by the foliar system of the plantation. The equipment was mounted on an universal
spraying machine, used for pest and disease control in vine plantations (fig.1). The equipment
consists of the folding subframes (1) and the polycarbonate panels (2), provided with the gutters
(3) at the lower end. The folding subframes of the panels may be displaced in two positions by the
means of the hydraulic cylinder (4): opearting position and transport position. The liquid pesticide
recovered byanels and which was drianed into the gutter is absorbed and transported by pump in
the receiver tanks, allowing the measurement of the reycled liquid with the help of two graduated
cylinders. Two flowmeters were inserted into the hydaraulic circuit in order to measure the liquid
flow rate to the nozzles.

Fig. 1. Aggregate for pest and disease control with equipment to recover the dispersed liquid pesticide

During the laboratory tests AMT 1.2 full cone spray nozzles manufactured by ALBUZ were used;
the operating pressure was set at 0.4, 0.6 and 0.8 MPa. The fan speed was 1400 rev/min, and the
recycling panels were positioned at 1900 mm distance from the axis of the machine and at a height
of 300 mm above the ground. Air velocity in the discharge area of the equipment was measured
(fig.2); the spray angle of the nozzle was also evaluated (fig.3).

Fig. 2. Determining the speed of air from behind the
fan

Fig. 3. Determining the angle of dispersion at the
pesticide liquid to the level of nozzle
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2.2. CFD simulation
The CFD simulation of the liquid spraying process was performed using TYAN graphical station
and the ANSYS-FLUENT software, which uses the most complex mathematical models of fluid
flow between programs existing commercial currently.
To exemplify theoretical calculation algorithm of the spraying equipment with recovery of pesticide
liquid and simulation the processes of spraying pesticides liquid have been used in the actual
values, obtained by measuring the specific parameters of the process, determined in the
experimental tests.
Real values, resulted form the experimental tests, were used in order to present the theoretical
algorithm used for the simulation of the liquid spraying process the
In order to simulate the air flow process and the droplets trajectory a working domain was defined,
which included the geometry of the spraying machine (fig.4). The development of the 3D geometry
and model discretization are important steps in the simulation process. The geometry must reflect
as faithfully as possible the spraying machine model, and the approximations should not affect the
air flow and droplets trajectory.
The GAMBIT software allows the simplification of the spraying machine geometry without affecting
the simulation results. this sollution was chosen in order to reduce the size of the geometric file and
the subsequent one, resulted through geometry discretization. Thus the compuing time is reduced
and less computin resources are needed for the studied assembly. The dimensions of working
domanin, for both simulation and experiment, are shown in Table 1.

a

b

Fig. 4. Defining the scope (analysis, stimulation): a - with panel the recovery of pesticide liquid and
spraying machine; b - s the geometry of praying machine (enlarged view): 1 - fan; 2 - nozzles; 3 interior deflector; 4 - external deflector.
TABLE 1: The dimensions of working domain used in experiment and simulation
Name of dimension

Symbol

Dimensions (mm)

The distance from the collector panel at the axis of spraying
machine

l

1900

The length of the working area

L

4055

The height of the working area

H

4140

The width of the collector panel

lp

1053

The height of the collector panel

Hp

1440

The height from soil at the collector panel

h

300

The diameter of the spraying machine

Dm

846

The width of the spraying machine

lm

310
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The finite volume discretization method consists in obtaining a system of algebraic equations,
typically linear, which approximatse the solution of the differential equations. The unknowns of the
system are the values of the desired function, in the nodes of the discretization net, which
approximates the simulation domain. Depending on the size of the simulation domain and
complexity of the process, to which the uniqueness conditions are added, the number of resulting
equations is very large, requiring a powerful computer for system solving. The discretization of
domain simulation is hybrid, being carried out in GAMBIT program and consists of two regions, as
follows: the region of spraying machine (unstructured discretization) and the region surrounding the
spraying machine (structured discretization) (fig.5). The sensitivity of discretization was achieved
through consecutive tests, by increasing the number of elements in a row from 930.500 up to
3.292.188. For the maximum number of elements there were no more changes in the velocity
profile. Thus the meshing errors were eliminated. The quality of the mesh for the entire simulation
domain in fig.5 was 0.78.

Fig. 5. The network discretization with two regions: 1 - the region of spraying machine; 2 - the region
surrounding of spraying machine.

The speed of entering air ( u ) was obtained through measurements in radial direction, using a hot
wire anemometer; the velocity profile was approximated using a polynomial function:

u  3 1010  x5  3 107  x4  0.0001 x3  0.0189  x 2  1.0754  x  0.0441

(1)

The level x  0 was considered in the inner side of the input surface contour (towards the central
axis of the spraying machine).
The physical parameters of air and droplets used for the simulation have were: air viscosity  =
1.789∙10-5 Pa∙s, air density  = 1.225 kg/m3, viscosity of the liquid  1 = 0.001003 Pa∙s, liquid
pesticide density  p = 1080 kg/m3 (at 25˚C). The flow rate per nozzle of pesticide liquid used for

the simulation was 0.025 kg/s.
It was assumed that the droplets of liquid pesticide have the same diameter. According to the
ASAE S572.1 standard, the droplets resulting from AMT 1.2 -ALBUZ full-cone nozzle are within
class XC (extremely coarse - extremely high), with diameters between 503 and 665 μm. The
average diameter of the droplets used in the simulation was 584 μm, and the droplets were
considered to be perfect spheres. An important condition introduced into the simulation was the jet
angle θ at the nozzle exit, with a measured value of 22º. For the AMT 1.2 - ALBUZ nozzles the
radius of the nozzle outlet is r = 0.6 mm.
The cartesian system coordinates for the origins of three nozzles are shown in Table 2.
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TABLE2: Coordinates of the origins and the direction of dispersion for the three nozzles
*

Nozzle

*

Coordinates origin nozzle (m)

Spray direction

x

y

z

x

y

z

1

0.060984

0.264285

0.221761

0

0

1

2

0.060984

0.112321

0.326203

0

0

1

3

0.060984

-0.071729

0.337460

0

0

1

* The numbering begins with one of the nozzles of the spray top of the machine

In order to achieve the stability of the calculation process the following sub-relaxation factors were
used for the air flow: pressure - 0.3; moment - 0.7; density - 1; turbulent kinetic energy - 0.8;
turbulent dissipation rate - 0.8; turbulent viscosity - 1.
3. Results and discussions
The processing results are presented in the simulation domain as velocity fields, flow lines and
droplets trajectory, respectively. The final aim was to present the trajectory and dropletes
dispersion pattern on the collecting panel, and also the displacement tendency on the surface of
the panel. The advantage of three-dimensional simulation of airflow and droplets movement is that
it provides a realistic view of the real spraying process. The use of the third dimension to the bidimensional models, which was made possible due to more performant computers, led to the
achievement of a more complex and more realistic model, showing the turbulent flow of the liquid
and the evolution of the flow lines paths. In order to obtain a more complete analysis of the flow in
the simulated field, several vertical planes were used for displaying the velocities field.
The velocity field presented in fig. 6 shows an increased air circulation at the edge of the panel, on
its entire height. In the median vertical plane of the collecting panel, which also includes the
spraying nozzles, the velocity field displays a small central core where the velocity reached values
up to 30 m/s. This core extends to the center of the panel with average values of air velocity of 5
m/s.

Fig. 6. The field of air velocities in the plane YOZ at
the middle of the panel manifold, u (m/s)

Fig. 7. The field of air velocities in the plane XOZ
at the middle of the panel manifold, u (m/s)

The air velocity field in the XOZ plan presents an asymmetry at the exit of the spraying machine. In
the nozzle area air speed recorded higher values towards the deflector and decreased from the
nozzle to the fan. This explains the slightly tipped out air stream. The average value of the air
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velocity at the outlet of the spraying machine was 20.5 m/s, for a fan impeller speed of 1400
rev/min. The velocity profile has a horseshoe shape in the vicinity of panel, with the

stagnation point shifted from the vertical central axis of the panel. This velocity distribution
results in a more intense circulation on the left side of the panel (fig. 7).
Turbulence intensity reaches its maximum value in the upper and lower parts of the spraying
machine due to the shape of the upper deflector and to the bottom effect in the lower part of the
machine. The average velocity in the nozzle area was 20 m/s, gradually decreasing towards the
collecting panel. The flow lines begin to “wash” the collecting panel on its diagonal, which
represents the locum of the stagnation points. The flow lines density is higher in the upper side of
the panel diagonal, thus increasing air circulation. This is also the place where the flow lines are
displaced to the right, over the panel; the displacement is enhanced by the upper deflector of the
machine which has the same shape as the velocity profile. The formation of a vortex was noted on
the concave panel, with a smaller diameter at the upper part of the panel, which increases
progressively towards its bottom (fig.8).
The droplets trajectory is affected by the air flow. The CFD simulation was based on the
assumption that droplets are carried by the air flow, described by the velocities field and flow lines.
The tendency of the flow lines to deviate from the right side of the panel to its left side is also
shown in fig. 9, where the liquid jet is observed from above the spraying machine. The average
velocity of the droplets was 14 m/s on the right side of the collecting panel and decreased to 3.5
m/s on the left side. The droplets reaching the panel were displaced towards the left side and
because of the weight they fall towards the collecting area. This behavior was also seen in the
experiments referring to the pesticide recycling rate.

Fig. 8. The lines of current flow of the air from the spray
machine to the collector panel, a top view of the plane
XOZ in the direction –OX, u (m/s)

Fig. 9. The trajectory of the droplets and the
dispersion of the sprayer to drip collector
panel according to the speed u p (m/s), plan
view XOZ in the direction -OY

4. Conclusions
1.
The modeling and CFD simulation of spray process is a useful optimization constructive
geometry panel collection and of adjusting operating parameters of spraying.
2.
As the CFD simulation, and experimentally it observed that the distribution power lines, or
droplets of pesticide, mainly arrive on the collectors.
3.
By increasing the speed of air at the level of the bottom nozzle, a cyclone is formed at the
bottom of the higher and lower panel to the top panel. Thus, the flow lines tend to wash his
diagonal panel.
4.
The trajectory of the droplet is influenced by both the air flow and the position of the panel
relative to the axis of the spraying machine.
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Abstract: The problem of reducing non-renewable energy consumption has led to the
development and implementation of new solutions that provide green energy both for industrial
consumers and for those living in urban and rural areas. The urban environment has a fluctuating
wind regime which is influenced by many aspects, therefore the paper is meant to present the
outcomes of a research carried out on the built environment, as well as a set of rules and
recommendations for installing wind turbines in such an environment. Furthermore the paper
presents the technology trends and recent developments in small capacity wind turbines at a
global level.
Keywords: small wind turbine, urban environment, wind regime, power coefficient
1. Introduction
With the new policy to reduce consumption of non-renewable energy, the market of small wind
turbines that are network connected has grown considerably from year to year. This growth has
emerged due to the rise in conventional energy prices, as well as due to the increased demand for
energy equally in residential, industrial and urban areas. The most developed markets in such wind
turbines are located in the US, Canada and Australia.
Urban wind turbine development has gained greater importance in recent years, and studies show
that turbines mounted on tall buildings can provide a considerable amount of green energy and
carbon savings.
2. Urban regime
The physical phenomenon which is manifested through the guided air circulation in the earth's
atmosphere is called wind. The wind is the movement of air from a high pressure area to a low
pressure area. The wind is characterized by the blowing direction and its intensity (blowing speed)
[1]. Surface winds are influenced by the local topography of the area and are slowed down by
obstacles and the rough surface of the Earth.
In terms of structure, the physical phenomenon of wind can be divided into three main categories,
such as laminar wind, turbulent wind and gusting wind [2]:




The laminar wind is characterized by a slow travel of air, at low and uniform speeds, in the
form of parallel waves that go in the same direction and with the same speed. It is specific
to smooth land areas, for example fields, where the friction force is small.
The turbulent wind is formed due to the high friction of the air flow with the earth's surface,
frequently forming eddies and vortices. These are characterized by high oscillations of wind
speed and direction in small intervals of time.
The gusting wind shows large oscillations of speed and direction within very little time, that
is 5 to 10 minutes or less.

2.1. Parameters that influence the wind
The winds that occur in a particular location are influenced by its coordinates (latitude and
longitude), their speed depending on altitude, season, surface roughness and the urban or rural
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positioning. Even without obstacles, the presence of the Earth's surface determines the velocity
variation in height. Figure 1 shows the distribution of the wind relative to the surface roughness, z0.
Roughness and size classes can be taken from Table1 [3]. In Figure 1 it can be seen the influence
the ground has on the speed, which is greatly influenced in the range of 0-25 m. Thus we can say
that in order to obtain the best possible efficiency for a wind turbine, its location is recommended to
be at a height where the wind speed is higher [1].

Fig. 1. The influence of ground on the wind speed
TABLE1: Surface roughness classes and their length
Roughness
class

Roughness
length (m)

0

0.0002

Water surface: seas and lakes

0.5

0.0024

Smooth open ground such as: concrete, airport runways, mowed
grass, etc.

1

0.03

Open agricultural fields without built fences or hedges, perhaps with by
buildings and mild hills in the distance

1.5

0.055

Agricultural land with several buildings and up to 8 m high fences in
less than 1 km

2

0.1

Agricultural land with several buildings and up to 8 m high fences in
less than 500 m

2.5

0.2

Agricultural land with many trees, shrubs and plants, or 8m high
hedges in approx. 250 m

3

0.4

Cities, villages, agricultural land, with many hedges, woods, rough and
uneven terrain

3.5

0.6

Big cities with tall buildings

4

1.6

Big cities with tall buildings and skyscrapers

Surface type

Wind profile is strongly influenced by the presence of obstacles in the vicinity of which turbulence is
created. The influence of an obstacle on the performance of a turbine is shown in Figure 2. It is
noted that the top of the hill is favorable for the location of a turbine, due to the acceleration of wind
speed.
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As previously discussed, at ground level the wind is strongly influenced by obstacles, as well as by
the surface roughness. We can say that the wind changes its speed with increasing height, and the
higher it is, the wind is more constant in terms of the direction and intensity.

Fig. 2. The influence of a hill on airflows

In order to calculate the increase in wind speed relative to the height, the logarithmic law shall be
applied, where speed over a certain height is calculated in relation to the reference speed
corresponding to a reference height taken from the databases, which is typically 10m, 25m or 45m,
and the roughness is specific to the chosen location [4].
𝑈2 = 𝑈1

ln
ln

ℎ2
𝑧0
ℎ1
𝑧0

(1)

where 𝑼𝟏 is the wind speed at a reference height𝒉𝟏 and𝒛𝟎 is the roughness taken from the previous
table.
2.2. Factors influencing the placement of turbines in urban areas
Knowing the wind regime is the most important aspect when seeking to install a wind turbine. Wind
regime refers to the annual average wind speed for a given location, which is a necessary aspect
in choosing the type of turbine, the setup location, etc. in a way that the investment will be
profitable. The wind potential of a site is determined by analyzing the annual average wind speed
on a 10-year period [1], thus yielding the frequency of certain wind speeds, the monthly distribution
of speeds, as well as the most common wind directions. These data are in the form of diagrams,
like those shown in Figure 3, and they are calculated for a location in the UK.

Fig. 3. Monthly distribution of wind speed and wind rose
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The urban environment has a fluctuating, turbulent and gusting wind regime, caused by various
obstacles, buildings, etc. In order to achieve a cost effective investment by installing a wind turbine,
it is recommended that the average wind speed to be 5.5 m/s. Therefore in most cases, in urban
areas it is recommended the installation of wind turbines at greater heights, due to the fact that
with increasing height the wind speed increases as well, but also because of prevailing wind
directions that are not influenced by any obstacles. It is known that winds with a speed between 6
m/s and 9 m/s are mostly coming from the west and southwest, and those exceeding 9 m/s are
predominantly coming from the west[5].
As mentioned before, buildings can play an important role for the installation of wind turbines, in
such a way that there are situations in which the wind speed can be accelerated, for example if the
roof is tilted to the prevailing wind direction(Figure 4). Wind flow around a classical building can be
seen in Figure 5.

Fig. 4. The influence of the roof in the placement of a wind turbine [5]

Fig. 5. Wind flow around buildings - different views

Figure 6 shows the wind flow simulation around a building that was achieved by means of FLUENT
software. Wind flow around a building becomes distorted and turbulent. Wind intensity is evidenced
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by the size of the arrows. The short blue arrows represent a weak wind flow. As the arrows size
increases, the greater the winds speed. The yellow arrow area is characterized by the strongest
wind that mostly has a constant direction.
When placing a turbine it is recommended to choose the highest building in the area, and that is
also far enough from other buildings. Proper placement of turbines affects turbine efficiency and
increases the amount of energy generated. Also, the positioning of turbines in the vicinity of a
building requires a set distance that is ten times greater than the height of the building Figure 7[6].

Fig. 6.The wind flow around a building [7]

Fig. 7. Proper placement of a wind turbine in an urban area

The energy generated by wind turbines has a largely positive effect on the environment by
participating in the reduction of gas emissions greenhouse, but it can also create issues related to
overall environmental impact.
The most common of these issues are public safety threatened by damage of the wind turbines,
noise, visual effect, the flickering effect and the reflected light from the pale, vibrations, biodiversity
and birds.
Based on the information discussed above, we can now formulate a set of recommendations for
placing a wind turbine in an urban area:





The annual wind speed for the given location should be minimum 5.5 m/s;
The turbine tower or building roof should be about 50% higher than neighboring objects;
The turbine must be positioned as close to the center of the roof;
The turbine must be oriented in the most common wind direction;
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The lowest position of the rotor should be above the roof at least at 30% over the building
height;
where possible, it is recommended the placing of a slope on the building, in order to increase
the wind speed;
The strength of the roof must be sufficient in order to withstand the static and dynamic forces
produced by the turbine;
It is recommended placing more than one turbine in the same location, so that the energy
production will be increased;
The amount of energy produced is sufficient for the needs of the area;
Necessary measures should be considered in order to mitigate shading, flicker, noise and
vibration;
The placement of any wind turbine should be followed after its integration in the urban area and
once the acceptance of neighbors has been given.

3. Markets and applications of small power wind turbines
Applications that use wind turbines are becoming increasingly diverse. In Table 2 we can see
applications for wind turbines depending on their capacity.
In Europe, the interest is for integrating of wind turbines in urban areas, and constantly seeking for
solutions to cope with the turbulent and denatured wind flow in the cities. Among these solutions is
noticed the increased interest in integrating wind turbines into buildings as part of the structure or
its facade.
The European leader in micro-energy is the UK, currently with nine companies that produce small
power wind turbines, but which have a number of prototypes in development. It is a very dynamic
market, with over 3,500small and micro turbines installed only in 2007, and according to the British
Association of Wind Energy (ABEE) is supposed to be possible to install micro and small turbines
so that by 2020 to generate 1200 MW.
TABLE2: Applications for wind turbines based on their capacity

x

x

x

1 kW< PN < 7 kW

x

x

x

x

x

x

x

x

x

x

x

x

x

Lantern

Mini Network

Isolated villages

Pumping water

Farms

Isolated houses

Lantern

Signals

Boats

50kW< PN<100 kW
Aplications

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Farms

x

Industrial

x

Car parks

x

Public centers

PN < 1 kW

7 kW< PN < 50 kW

Grid applications

Housing

Applications off the grid

Mounted on buildings

Rated power

Other important countries for developing small wind turbines are Netherlands, which have different
systems of promoting them and Spain where it was formed a group within the Association of
Producers of Renewable Energies (APER) dealing with generating problem for small wind turbines.
The goals of this group are to inform the public about this technology, the voice of the industry of
small wind turbines by public and private entities, to try to obtain necessary conditions favorable for
the development of technology, in terms of financial and legal [8, 9, 10] .
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As noted above, the worldwide leader in the development of small power turbines is the US, with a
growing market with nearly 15-20% per year, with installed capacity of about 35 MW. Rural
households are the most common applications for small wind systems. Canadian small wind
turbine market is also important, with an installed between 1.8-4.5 MW.
3.1 Technological trends and recent developments in urban wind turbines
The development trends of small capacity wind turbines have revealed the predominant use of
three blades in their construction, a rotor diameter of up to 10 m and a total height of the turbine
between 12 to 24 m [8].
The focus is on increasing the efficiency of wind rotor, in particular by developing the blade profile,
choice of materials with appropriate properties and manufacturing processes by adopting
advanced technologies. These technologies aim to optimize the manufacturing time, reduce the
manufacturing costs, but also the possibilities for large and average scale repeatability [11].
The majority of small capacity wind turbine are using synchronous generators with permanent
magnet by rare earth and radial flow directly coupled. Rare-earth permanent magnets possess
superior magnetic properties and provide more efficient technical parameters relative to induction
or synchronous generators with electromagnetic excitation. Synchronous generators with
permanent magnets are widely used in applications connected to the network, but ensures to
generators a lower weight and lower cost.
Technological developments and the opportunity of using wind energy to generate electricity for
own consumption led to increased interest in the construction of green buildings, which in addition
to other renewable and environmentally friendly have integrated wind turbines to secure a
percentage of energy needs. Such projects are still quite rare, due to high costs, and material and
technological possibilities. Most projects of this type we find in the US and England [12, 13, 14, 15].
The first building in the world with integrated wind turbines, which ranks first among the world
green building is Bahrain World Trade Center (Figure 8). The building consists of two twin towers,
connected by three arms on which are installed horizontal axis wind turbines. The building shape is
designed to accelerate wind speed and to channel the flow of the turbines [17].
In the US we meet the project from the roof of Oklahoma Medical Research Foundation (Figure
8b), which has integrated 18 vertical axis wind turbines with a 5.6 m tall and 4.5 kW power each.
Maximum power plant capacity is 85500 kWh per year calculated for the operation of turbines for
1000 hours, under ideal conditions. Wind turbines have the cut in speed and start delivering power
from a wind speed of 4 m/s [20].

a

b

Fig. 8. a - Bahrain World Trade Center, Bahrain [16], b -Oklahoma Medical Research Foundation, SUA [17]

Other examples that successfully use integrated wind turbines into buildings are Strata Tower,
London (Figure 9), Tower Pearl River, Guangzhou, China (Figure 9 b), Tower Cis, Manchester,
England and Waugh Thistleton Residential Tower, London (Figure 9 c).
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a

b

c

Fig. 9. a -Strata Tower, London[18], b- Tower Pearl River, Guangzhou, China [19], c-Waugh Thistleton
Residential Tower, London [20]

Technological trends and recent developments in wind turbines can be summarized as follows:
 Vibration reduction in order to reduce noise;
 Blade design and manufacturing technologies;
 Self-protection for extreme winds;
 Adapting a single model to be used outside the network or connected to the network;
 Visually Integrating the small capacity wind turbines in urban or rural areas;
 Integration of turbines in the built environment for applications like street lighting;
 Electronics designed to meet safety standards and sustainability.
4. Application for wind turbine selection for a given location
Based on the researches, on the identified recommendations for installing a wind turbine in urban
areas was conducted to a web application that will provide the user a list of optimal wind turbines
for installation on the established location, based on some criteria. The developed application uses
two databases, one with small capacity wind turbines on the market, selected based on the
manufacturer's technical characteristics, distribution opportunities and efficiency and a database
with the wind regime for different locations.
The user must enter some information about the desired location of installing a wind turbine, Figure
10 a, following a few simple steps and with a minimum baggage of information related to the
problem. Finally the application will provide a list of turbines optimized for installation, along with
their technical specifications Figure 10 b.
The working mode and the algorithm for calculating in the application has been explained in paper
[21] and based on calculations and conditions the application displays a list of turbines optimized
for installation (Figure 4.5). In addition to the manufacturer's specifications displayed in the main
screen, the user has the possibility to open a PDF file containing all the data provided by the
manufacturer of the selected turbine type.
5. Conclusions
Increasing awareness of the effects caused by fossil fuels, global warming, and accelerated
reduction of conventional energy resources with the increasing prices, led to the development of
small capacity turbines.
The simple structure, compact design, low noise, low gauge etc. of small capacity wind turbines,
are vital for electrical energy production systems in rural areas or in cities, where you cannot install
large capacity turbines, due to space constraints and noise.
High capacity wind turbines are placed in optimal wind conditions to extract enough energy, while
low-capacity wind turbines have to produce energy not always in favorable conditions.
The gained efficiency of wind turbines is influenced by both chosen turbine model, location and the
wind regime. The produced electricity is proportional to the increasing cube of the wind speed, and
to get a good produced energy yield some rules must be respected for installing the turbine.
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a

b

Fig. 10 a - Programme input, b - Programme output
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Abstract: The EXTBIO equipment (experimental model) for obtaining organic biofertilizers /
bioinsecticides works on the principle of extracting bioactive substances under the action of
variable hydrostatic pressure in the extraction vessel, with control of solvent temperature. In order
to optimally control the extraction process it is used a microPLC with graphic interface, through
which you the working parameters can be programmed. Hydrostatic pressure in the extraction
chamber is obtained by means of a pneumatic cylinder supplied with compressed air by a
compressor which is part of the integrated extraction system. All components are mounted on a
frame consisting of V profiles.
Keywords: EXTBIO, bioactive substances, hydrostatic pressure, extraction.
1. Introduction
Global energy crisis and sharp price rises of raw materials led to a determined passage to the
production and use of some types of fertilizers and insecticides which are less industrially
processed, with reduced energy consumption, of liquid type. Countries practicing an intensive
farming had the trend that still exists, of strong growth in the share of liquid fertilizers at the
expense of solid, energy-intensive ones. The extension on a larger scale of fertilization by liquid
fertilizers was determined by their technical and economic benefits, [1]. Using liquid fertilizers
allows full mechanization and automation of all operations of transport, storage, handling and
management, eliminating losses almost completely, while ensuring a high degree of uniformity in
the application and a close supervision of recommended doses, [2].
Worldwide, a new and strong requirement appeared, which was turned into a real movement in the
U.E. to obtain food products through clean, non-polluting technologies, without chemicals. Product
quality is assessed taking into consideration several characteristics, the most important being the
physical, chemical and technological ones. Organic farming puts a special emphasis on hygienic,
ecological and biological quality of the obtained products, [3].
Organic farming promotes the sustainable production systems, diversified and balanced, in order
to prevent the pollution of crop and environment. Organic production in crops, without the use of
harmful traditional products, knows a special concern for some decades in economically developed
countries. The interest in organic products and production is also growing in our country, [4].
Unfortunately, areas cultivated in ecological conditions in our country are still very low. In order to
expand the organic farming system in Romania, were established national legal regulations on the
production, processing and capitalization of organic agri-food products, in line with international
standards in this regard. Among these, are included: Government Emergency Ordinance no.
34/2000, respectively Law no. 38/2001; Government Decision. no. 917/2001 for approval of the
methodological norms for the application of these regulations (including annexes to the
methodological norms) etc, [5].
Crop technologies are developed in the spirit of these regulations, economically efficient and nonpolluting, preventing environmental deterioration and maintaining the fundamental resources of
agriculture. It is recommended to place crop rotation on plots converted to organic farming, to the
best precursory, some which also improve soil fertility (such as leguminous plants and green
manure), to use only fertilizers allowed in organic farming, the so-called biofertilizers, and to
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exclude all pesticides that pollute the crops and environment through the use of bioinsecticides of
vegetable nature, [6]. Thus, in the context of practicing an organic farming, is prohibited the use of
chemical fertilizers to improve production quality. The use of biofertilizers is an environmentally
friendly alternative to the classic one, that can lead to the obtaining of high productivity organic
crops. Applying these biofertilizers can be done foliarly, with very high absorption coefficient by the
plants. Foliar fertilization consists in applying any fertilizing substance in liquid form on the leaves.
Fertilizing elements in this case are in solution, soluble, and thus very accesible to plants. This is in
contrast with the application of fertilizers (in solid form) on the soil, and which are usually applied in
granulated, dry form. They need to be dissolved, either by irrigation or by watering after a rain, to
be available to the plants by the root system. In other words, it should be dissolved in soil solution
to be accessible to plants, [7].
2. Chapter 1
The EXTBIO experimental model for obtaining organic fertilizers / insecticides (Fig. 1) comprises in
the following subassemblies: frame; extraction container; compressor; system for monitoring and
control of the extraction process; recirculation pump and solenoid valves; double-piston cylinder;
distributor, controler and pneumatic filter; shell heater with thermostat; Pt100 resistance
thermometer; pressure transducer; container for solvent loading and container for unloading the
finished product.

Fig. 1. Experimental model for obtaining organic fertilizers / insecticides, EXTBIO

The system of monitoring and control of the extraction process (Fig. 5) consists of the
following components: microPLC AL 2 – 14 MR – D with extension of analog outputs AL2-2DA,
interface module RS232 AL2-GSM-CAB and signal adapter Pt100 AL2-2PT-ADP, operating
terminal GT1050 – QBBD with GT01-C10R4-8P connection cable, 24Vcc power supply in
switching type PSU 50, bipolar safety C32, Omron relays block, metal box, safety button, rail,
metal transom, Φ 1.5 mm – 20 ml supply cable, 3x1.5 mm – 10 ml supply cable. The system of
monitoring and control receives information from the Pt100 temperature sensor, pressure sensor
and graphical interface with the user represented by operating terminal and send commands to the
execution elements of the integrated extraction system: solenoid valves, circulation pump, doublepiston cylinder, compressor, pressure controller and heating jacket.
The program installed in PLC allows the control of the following components: compressor, heating
jacket, recirculation pumps, solenoid valves, pneumatic distributor, pressure controller. The
reference values of the working parameters can be set by the user using the operating terminal.
The equipment consists of the following circuits:
1. pneumatic circuit: from the compressor to the pneumatic cylinder.
2. hydraulic circuit: from the filling container, to the extraction container, the unloading container
and the hydraulic cylinder.
3. electrical circuit: for compressor drive, PLC, the terminal for operating the pneumatic
distributor, pressure controler and heating mantle.
Double-piston cylinder, with piston diameter of mm, stroke 125 mm and maximum working
pressure of 10 bar is presented in Figure 2.
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Fig. 2. Double-piston cylinder

The cylinder is equipped with double piston and is included in two circuits: pneumatic and hydraulic
circuits of the EXTBIO integrated extraction system. Thus, the force obtained by the compressed
air provided from the compressor at an adjustable pressure acting on the piston 1 is converted to
the hydrostatic pressure by means of piston 2 of the cylinder that is placed in connection with the
extraction container.
The Metal Work pneumatic distributor, type 702002110, with maximum working pressure of 10
bar, coil voltage 24 Vcc, Metal Work pneumatic controler and filter (maximum working pressure
11 bar, maximum working temperature 50°C) are presented in Figure 3.

Fig. 3. Pneumatic distributor, pneumatic controler and filter Metal Work

3. Equations, Figures, Graphs and Tables
The EXTBIO experimental model for obtaining extracts with active principles, having the role of
organic foliar fertilizer / insecticide, with application in organic farming is an efficient system for the
extraction of active constituents in plants, herbs, fruits, flowers, leaves, fruits, bulbs, seeds, bark,
roots, stems, of aromatic, culinary, medicinal herbs etc. The extraction cycle alternates, a dynamic
phase obtained through a programmed pressure with a static phase to transfer the extract in the
solvent, while the circulation of solvent in countercurrent is performed during the high-pressure
extraction cycles.
In microPLC found in the endowment of the monitoring and control system of the EXTBIO
experimental model it has developed a control software of the integrated extraction system that
sets the parameters of the following process (parameters) of extraction, according to Figures 4 and
5: extraction time: 5600 seconds; high pressure of extraction: 8.7 bar; low pressure of extraction:
1.25 bar; number of cycles at high pressure: 5 cycles; number of cycles at low pressure with quasidinamic variation of pressure between 0 and 1.25 bar: 5 cycles, each with 5 quasi-dinamic cycles;
duration of high pressure cycle: 600 seconds; duration of low pressure cycle: 520 seconds with the
duration of a quasi-dinamic cycle of 40 seconds, pause of 80 seconds before and after highpressure cycle and pause of 40 seconds between the quasi-dinamic cycles of low pressure;;
extraction temperature: 37 °C; countercurrent circulation of the solvent during the high pressure
cycle (Fig. 5).
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Fig. 4. Representation of the extraction process

Fig. 5. Operation of recirculation pump

4. Conclusions
For the experiment were used as raw material the following plants: tobacco in order to obtain an
extract with bioactive substances acting as foliar bioinsecticides, and nettle to obtain an extract
with bioactive substances acting as foliar biofertilizers. The solvent used in the testing was
microbiologically pure water, obtained in the Chemistry laboratory of the INMA Bucharest.
By testing of the EXTBIO experimental model, have resulted two extracts (products): nettle extract
with bioactive substances acting as biofertilizers and tobacco extract with bioactive substances
acting as bioinsecticides, presented in Figure 6.

Fig. 6. Nettle extract (foliar biofertilizer) and tobacco extract (foliar bioinsecticide)

The mass of the dry raw material subjected to the extraction process was of 1 kg, moisture of the
sample subjected to the extraction process was of 8.75% for tobacco and 9.10% for nettle.
The degree of extraction of active ingredients from tobacco was 32.75%, and the degree of of
extraction of active ingredients from nettle was 33.33%.
Given the obtained results, it can be concluded that the realized extraction system, EXTBIO, as
well as the identified process have allowed obtaining optimum extraction yields.
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Abstract: Drying agricultural products is one way of capitalizing economically and environmentally
superior agricultural products. It makes an analysis of the necessary drying capacity using
agricultural biomass waste to produce heat and biochar with CHAB concept. It follows that if it dries
only 1% of the amount of fruits and vegetables consumed annually is needed in Romania trays
surface for drying 19,5103 m2/year by 1000 achievable dryers with trays surface of 20 m2 to 200
dryers of 100 m2. Can capitalize pellet form about 13,500 t waste agricultural biomass with a
minimum of 1.5 mil. Euro with a negative emissions balance of -19,6103 CO2.t/year. The estimated
values are below the dry product imports in 2014.
Keywords: dryers, vegetables, fruits, CHAB concept, CO2 emissions
1. Introduction
Drying is one of the traditional ways and yet always modern storage vegetables and fruit on long
periodes for direct consumption or for industrial uses whitout preservatives and low power
consumption for storage and reprocessing. Convective drying is a intensive heat technology which
in many cases makes it dependent on sources of heat as cheap, which is one of the reasons a
drying facilities super concentrations. Rapidly falling automation devices prices, development of
automatic driving software and technologies changing in machine building led to a decentralization
of processing by drying fruits and vegetables, a shift of driers to the place of harvest products for
dry. This makes use of the mobile dryers are dependent on use diesel and PLG fuel with a high
energy density but which are sources of pollution through emission of CO2. [3, 5, 7, 9, 10, 15].
Currently emphasis is on reducing the emission of CO2 into the atmosphere through the use of
renewable energy, solar, biomass, wind, or geothermal. With wind turbines, the solar thermal and
photovoltaic, are total negative balance but they produce energy when is wind or is light which
require bulky energy storage devices and very expensive products. Because biomass can store
and use energy when it is needed, even if he has an almost neutral CO 2 balance, remains the
most versatile source for farms producing direct biomass used for energy production. [2, 5 , 8]
To sum up, biochar production and application to agricultural soils may create a triple wins
scenario, where farmers get higher yields and compensation for environmental services; society
gets reduced eutrophication and less negative environmental impacts from intense farming
practices; and humanity gets sustainable food production at the same time as climate change
effects and the connected risk of reaching climate tipping points are reduced.
Biochar contributes to a sustainable society in its true meaning for future generations by closing
the cycles between arable land and human habitations. The technique is democratic, since it can
be applied anywhere around the globe where plants are growing and it is not dependent of
economic, technical or infrastructural development. It is independent of scale, too, so also home
gardeners may transform garden waste into a soil improver to use in their own garden.
By using TLUD micro-gasification process (Top-Lit-Up-Draft) from biomass is produced
combustible gas and residual charcoal - currently called biochar. The conversion to heat of the part
of biomass is completely gasified with a yield of 95% and biochar remains about 25% of the energy
input from biomass. Biochar is a sterile product that can be used to mix in compost as an
amendment in agricultural soils to increase their production capacity. [ 8 ]
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Because carbon from biochar incorporated in soil have a high half-life, he is sequestered large
period of time and result a negative balance of CO2.
The data provided by the Ministry of Agriculture, in period 2009-2012, the average annual
consumption of vegetables per capita was 182 kg and the fruit of only 69 kg.
2. Sources of energy for convective dryers
For operating convective dryers consume heat for drying agent that for agricultural products is hot
air. For the movement of the drying agent and for the automatisation electrical energy is required,
but no more than 10% of the heating power. The production of heat from various sources liberates
an amount of CO2 (table 1), values for electricity, diesel and LPG is for Romania, for the pellets
was made an estimate. [12]
TABLE 1: Mass of CO2 equiv. released per kWhth
M.U.

Value

Electricity

kg.CO2/kWhe

0,617

Diesel

kg.CO2/kWhth

0,308

LPG

kg.CO2/kWhth

0,259

Pellets from residual agricultural biomass

kg.CO2/kWhth

0,021

Energy source

For the production of heat and biochar from pelletized biomass is using TLUD micro-gasification
process with CHAB concept. In table 2 presents the functional and ecological feature in a stationar
load. The value relatively small average proportion of BC, only 15%, is typical for TLUD gasification
which ensure the production of higher quality biochar with very little VOC (Volatile Organic
Content), compared to methods of anoxic pyrolysis producing more than biochar but with more
VOC. [6, 9, 11, 12].
TABLE 2: Production of heat and biochar from pellets in TLUD
Feature

M.U.

Biochar (BC) average proportion

kg.bc/kg.bm

Value
0,150

Pellets medium LHV

kWhth/kg.bm

5,000

Gasified biomass medium LHV

kWhth/kg.bmg

4,167

Pellets specific consumption

kg.pl/kg.mum

0,388

kg.C/kg.bc

0,950

kg.C/kg.bmg

-0,168

kg.CO2/kg.bmg

-0,587

Carbon content in BC
Carbon sequestered specific
CO2 sequestered specific

-0,141
CO2 sequestered specific
kg.CO2/kWhth.bmg
(bm – biomass; bmg – gasified biomass; mum – wet mass; bc – biochar; pl - pellets)

3. Features of convective dryers
In this paper they used functional, environmental and energy characteristics, for dryers worldwide
that use pellets as a source of heat to the TLUD gasification process with CHAB concept. It
examines the drying characteristics of fruit and vegetable for averages values from usual practice.
[2, 3, 4, 5, 6,10].
In table 3 is presented the functional and ecologic characteristics and for drying fruits and
vegetables. An introduced a new size, specific hourly load of drying surface with wet body
(kg.mum/m2.h) with that calculate the amount of drying capacity.
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TABLE 3: Features convective drying plants
Feature
Specific tray electrical power
Drying process yield

M.U.
2
kW e/m .cas
real

Vegetables
0,020
0,72

Fruits
0,020
0,72

Preparation hot air yield

real

0,650

0,700

Dryer heat yield
Drying regime
Initial relative humidity
Final Relative Humidity
Dry base
Discharged water mass

real

0,468

0,504

kg.w/kg.mum
kg.w/kg.mum
kg.mus/kg.mum
kg.w/kg.mum

0,900
0,080
0,100
0,891

0,820
0,180
0,180
0,780

Specific process heat consumption
Average power factor
Tray specific loading
Average batch drying time

kWhth/kg.mum
Pth.avr/Pth.n
2
kg.mum/m .cas
h

0,860
0,400
10,000
11,000

0,753
0,500
7,000
6,000

Thermic energy special consumption

kWhth/kg.mum

1,323

1,075

2

Tray heat specific consumption

kW th/m .cas

1,954

1,756

Tray hourly loading
Pellets specific consumption
Specific electricity consumption

kg.mum/m .cas.h
kg.pl/kg.mum
kWhe/kg.mum

0,909
0,373
0,0220

1,167
0.304
0,0171

Drying with diesel

kg.CO2/kg.mum

0,421

0,342

Drying with LPG

kg.CO2/kg.mum

0,356

0,289

Drying with pellets
kg.CO2/kg.mum
(cas – tray; mum – wet mass; mus - dry mass)

-0,165

-0,134

2

Specific emissions

4. Required drying capacity
Based on average annual consumption of 182 kg. vegetables and 69 kg. fruit per capita in
Romania and taking as a basis drying the annual 1% of this amount as a result would annually
produce 198 g. dried vegetables 152 g dried fruits per capite with a CO2 negative balance of -0.393
kg.CO2 / year.pers, presented in table 4.
TABLE 4: Sustainable impact drying vegetables and fruits with CHAB concept
Feature

M.U.

Value

Annual consumption of vegetables

kg.lum/year.pers

182,0

Annual consumption of fruit

kg.fum/year.pers

69,0

real

0,01

Annual vegetable mass for drying

kg.lum/year.pers

1,820

Annual fruits mass for drying

kg.fum/year.pers

0,690

kg.lus/om.an

0,198

Drying share from consumption

Weight dried vegetable

kg.fus/om.an

0,152

2

m .cas.h/year.pers

2,002

2

0,591

2

2,593

Weight dried fruits
Specific drying capacity for vegetables
Specific drying capacity for fruits

m .cas.h/year.pers

Annual drying capacity

m .cas.h/year.pers
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Annual consumption of pellets

kg.pl/ year.pers

0,834

CO2 emission from vegetables drying

kg.CO2/year.pers

-0,165

CO2 emission from fruit drying

kg.CO2/ year.pers

-0,134

The annual CO2 emission
kg.CO2/ year.pers
(lum – wet vegetables; fum –wet fruits; lus – dry vegetables; fus – dry fruits )

-0,393

With these values can be calculated specific capacity needs of drying ȋn (m2.cas.hyear.pers) for a
locality, region or territory of Romania, presented ȋn table 5.
TABLE 5: Drying Sustainable impact nationwide
Feature

M.U.
milion

15,0

3

10 t.lum/year

27,3

3

10,3

3

2,9

People
Annual mass dry vegetables
Annual mass dry fruits

10 t.fum/year

Annual mass dry vegetables

Value

10 t.lus/year
3

Annual mass dry fruits

10 t.fus/year

Required drying capacity

6

2

2,3

10 m .cas.h/year

38,9

h/year

2000

Annual drying time
3

2

Surface drying required

10 m .cas/RO

19,5

2

system

973

system

195

Dryer 20 m .cas required
2

Dryer 100 m .cas required
3

Annual consumption of pellets

10 t.pl/RO.year

Annual CO2 emmision with diesel

+15.03

3

+12.71

3

-5,891

10 t.CO2/RO.year

Annual CO2 emmision with LPG

10 t.CO2/RO.year

Annual CO2 emmision with pellets

13,33

3

10 t.CO2/RO.year

On first examination results are surprising. At the national level would be required convective
dryers with an total drying area of 19,500 m2. This capacity can be achieved with 1000 small,
mobile and cheap dryers with 20m2 or 200 dryers with 200 m2. With this drying capacity would
dried 27,300 t fresh vegetables and 10,300 t fresh fruit with a CO2 negative balance of -891
t.CO2/RO.year. It annually produces 2900 tons of dried vegetables and 2300 tons of dried fruits,
values much lower than importing them in 2014.
If you would increase the drying portion to 5% there would result five times higher values that are
impressive in nationwide size, noting that national market for dried products exist.
5. Conclusions
Convective drying of fruits and vegetables is a source of healthy food and eco using of biomass for
produced heat with CHAB concept.
Drying only 1% of annual consumption per capita of fruits and vegetables would produce annually
2900 tonnes dried vegetables and 2300 tonnes dried fruit, much lower than it was importing them
in 2014.
To dry mass of vegetables and fruits require a drying capacity of 19,500 m 2 which should go into
production in 1000 dryers of 20 m2 or 200 dryers of 100 m2, the task feasible in a short time and
financial effort quickly recoverable.
To dry 5200 tons of wet bodies annually must gasified with concept CHAB 1250 tonnes of pellets,
resulting a CO2 negative balance of -5890 t.CO2/year.
Results require a rapid development of drying fruits and vegetables to cover domestic consumption
and to help promote healthful nutrition.
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Abstract: The technical problem to be solved solution consists of applying a controlled manner,
wastewater diluted depending on the specific crop and avoiding environmental pollution. The
technical solution consists of an installation of irrigation and hose drum A, which distributes the
wastewater with a ramp and some hoses equipped with a water source B, which can be a mobile
pumping aggregate absorbing water area front / ground water or be a hydrant posed on a network
of pipes under pressure, a trailer tank C, carrying manure from a treatment plant / mechanical
separator plant of irrigation, a pump D, which absorbs manure in tanks and they injected into the
irrigation system, and a monitoring device is that the flow of water and slurry counting, the pressure
in the drum, the pump and the ramp, the concentration of salts, fertilizers and pH of the solution
tachometer for measuring velocity / the watering.
Keywords: irrigation; wastewater; micro-sprinkler; fertigation
1. Introduction
Wastewater is an important source of water and nutrients and can come from agribusiness
livestock complexes, urban, rural or industrial. In order to be used in irrigation, wastewater quality
should correspond to no risk of environmental pollution. This is done by sewage plants in various
ways to separate components that can contribute to environmental pollution and nutrient content is
not altered. Research conducted so far have pursued harnessing wastewater concentrated or least
diluted, administered outside the growing season of plants, washing plants. In wet condition when
is used diluted wastewater, sewage water mixture watering done in specially designed ponds and
pumped that were to be distributed to plants in concentrated form.
2. Description of the installation
An example of embodiment of the solution in connection with figures 1-5, which represent: Figure
1, scheme of the installation; Figure 2 is a front view of the ramp; Figure 3 is a side view of the
ramp; Figure 4 is a top view of the ramp; Figure 5 details the distribution nozzle.
Technical solution consists of an irrigation installation drum and hose A, which distributes the
wastewater with a ramp and some hoses equipped with a water source B, which can be an
aggregate mobile pumping absorbing surface water or groundwater can be a hydrant pipeline
network posed a pressurized tank trailer C, carrying manure from a treatment plant / mechanical
separators irrigation system, a pump D, absorbing the slurry tank and injecting them into the
irrigation system, and a monitoring device E is that the flow of water and slurry counts, the
pressure in the drum, the pump and the ramp, the concentration of salts, pH and tachometer for
measuring the speed fertilising / watering rate.
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Fig. 1. Schematic layout

Irrigation installation and hose drum A, Figure 1, equipped with a heat engine 1 ramp 2 heat engine
which drives a drum 3 by a transmission 4, meaning rolling of hose 5 and haul ramp 2 with a speed
v, which is proportional to the watering and the same heat engine operating 1 haul with a
transmission 6 a pump D. The watering Ramp- Figure 3.2, is originally equipped with 7 nozzles for
watering by micro-sprinkler with clean water, nozzles which are positioned on a side pipe 8,
reinforced with some farms 9, Figure 3.3, and anchored to a mast 10, with some cables 11. The
ramp is supported on some wheels 12, mounted on a frame 13 side areas and in the centre there
is a wheel 14, Figure 3.3, which supports a pipe 15. The pipe 15 is coupled at one end to the
polyethylene tube and the other end to the lateral pipes 8, Figure 2, and in the curved region of the
pipe is fixed sasi13. For watering the waste water, the nozzles 7 are replaced with stoppers and in
diametrical position of the lateral pipe 16 there are fastened some minivalve that connects with one
end to the other lateral pipe 8 and provided with a hose connector engages 17 which in its turn has
at the other end a nozzle dispensers 18, Figure 3.
10

13

11

8

7

16

17

Fig. 2. Front view of the ramp

Distance between nozzle and hose length is chosen according to the scheme of sowing and plant
size 19, Figure 4. Also, ramp width L and numbers of piping side are subject to the system and
hydraulic parameters existing at the plant. Distributing nozzles 18, figure 5, they are provided with
elongated side slots, resulting in a lateral distribution of the fertilizing solution a given width,
depending on the pressure and therefore flow rate. Distributors nozzles are calibrated to distribute
constant flow rates and positioning of the slots section and wastewater distribution favors low
pressure and low risk of clogging.
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Fig. 3. Side view of the ramp

In operation installation working with two heights to ramp proper watering crops with low side and
respectively high side. The other components of the system are known and installation is coupled
with a branch system 22, at the pump D and the flexible hose 23, representing the slurry supply
circuit and respectively the installation water.

Fig. 4. View from the top of the ramp

Fig. 5. Detail nozzle distribution

The water source B may be an aggregate of pump who absorbing surface water or ground water or
can be a hydrant network posed a pressure pipe which supplies high pressure water irrigation
system by a pipeline 24 , Figure 1, and a semitronson 25, coupled to a water meter 26, which in its
turn is coupled to a pressure regulator 27 and a minitronson 28, a manometer 29 and a valve 30,
which is coupled minitronson and flexible hose 23.
Tank trailers C, transporting manure from the treatment plant / mechanical separator plant of
irrigation and working position intake circuit feed 31 of the pump D, through an elbow 32 and a
valve 33 and the surplus pump flow in the injection valve is returned to the tank through the branch
34 and 35. The flow of slurry tankers returned contribute to bubbling and mixing manure into the
tank and using a non-return valve 36 prevents access water tank when pump is not working.
Pump D, is designed to inject the slurry into the irrigation water under pressure on the input side of
the plant, the exact dilution and homogenizing the solution under conditions of turbulence fertilizers
and pressure. The injection is carried out through the valves 36 and is measured with a water
meter 37 and the homogenization is carried out in the branch 22. The pump can be of centrifugal
or volumetric pump and the flow valve 34 is adjusts hydraulic or mechanical with transmission 6.
Variation of flow pump allows watering with various dilutions / concentrations depending on plant
requirements, soil / water and weather conditions. Monitoring of pump is performed with pump
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water meter 37, which will count flow, a manometer 38 which indicates a gauge pressure greater
than manometer 29 and a tachometer 39, which will show the default engine speed and pump flow
/ concentration of fertigation.
The monitoring device E is, it consists of a pressure and flow regulator 27, which maintains a
constant flow rate and pressure to the system, two watermeters 26, 37, one mounted to the water
supply system upstream of the pressure regulator 27 and one positioned in the injection circuit 36
to count the irrigation water and injected dejections, respectively, three pressure gauges show
water pressure supply circuit 29 downstream of the pressure regulator in pump 38 and a pressure
gauge watering ramp 40, the tachometer 39 for measuring the rolling speed and the sensors 41 for
measuring the salinity and pH. The equipment shown on the monitor contribute to achieving the
desired dilution and administration of watering rules that correspond to the desired requirements
and the management of a watering rules which meet the requirements of crops. By using sensors
41, can track the quality of irrigation water, reducing environmental pollution and checking the
desired dilution.
3. Operation of installation
In order drenched with diluted wastewater facility and transported by tractor trailer tank aggregate
area where desired fertigation, scrolling hose with ramp and engages watering hoses with nozzles
distributing the lateral pipe ramp. After that is connected to the hydrant or aggregate pumping
through the hose 23, mini-pipe 28, pressure regulator 27, watermeter 26, semi-pipe 25 and
transport pipe 24. The branch 22 is coupled injection circuit with a water meter 37, a check valve
36, pump D, intake circuit 31, valve 33, elbow 32 and trailer tank C. Reducing hydraulic pump
flow is achieved by opening the valve 34 and the reintroduction of a quantity of slurry in tank or
changes pump speed by changing the gear ratio motor-pump. During work, the combustion engine
drives 1 drive the pump and the installation drum 3, meaning rolling the hose to the installation
drum and the hoses with nozzles are worn on soil manure spreading diluted wastewater. When the
ramp reaches the drum, motor operation, water supply and sewage plan stops , the plant ramp is
suspended, disengages connections to the water supply and the circuit manure tank trailers
transporting facility and a new position fertigation and the cycle repeats. If desired watering with
conventional clean water will do the following. It decouples hoses 17, Figure 2, with distribution
nozzles 18, Figure 4, close minivalve 16, remove the plugs 7 who are replaced by minisprinklers,
manure injection circuit disengages from the non-return valve 36, Figure 1 and transmission pump
D.
The equipment subject to monitoring equipment contributes to achieving desired dilution and
administration of rules which meet the requirements watering plants. The ramp watering hoses and
equipped with distribution devices, located apply waste water which is diluted in the growing
culture and under reduced pressure. Preparation of diluted waste water by the injection of precise
dosages and concentrations in small deposits in the irrigation water distribution in the soil as well
as, contribute to reduce environmental pollution. Also, the sensors for measuring the pH salinity
and give information that helps achieve the desired dilution flow adjustment of the injection pump.
Fertigation with hosses ramp reduces evaporation and requires no washing watering crops
because the distribution is at ground level. The hoses are provided with dispensing nozzles which
are positioned at the end in the ground and the other end is coupled to the connectors quickly
minivalve positioned on the ramp. Distribution devices are calibrated and provided with side holes
for the distribution of the solution on the surface. Minivalve is provided with pipe connectors at one
end and the other end of the ramp to the hose, hose, it engages only when desired application of
the fertigation.
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4. The technical characteristics of the installation IATF - 300 equipped with boom
Characteristic
Reel hose machine equipped with
boom
IATF -300
- turbine
-thermal engine
- mechanical gearbox
- hydrostatic transmission
300

1. Type installation
2. Type drive
3.Type transmission
4. The length of watering(m)
5. Watering width (m) to:
minimum pressure - 3.1 bar / 3.7 bar
maximum pressure - 5.3 bar / 5.2 bar
6. Device type water distribution
7. Number distribution devices
8. Diameter distribution devices (mm)
9. Hydrant pressure (bar)
minimum
maximum
10. The pressure at distribution device (bar)
minimum
maximum
11. Turbine drive

50
50
nozzles
43
6; 7; 8
3,7
5,2

12. Gearbox
13. Sprinkler flow (m3 / h):
Ø 16 mm pressure and minimum / maximum pressure and
6 mm Ø 20 mm / 6 mm
14. The watering (mm)
15. Dilution of wastewater
16. Minimum power of the tractor working in aggregate
(CP)
17. The PTO speed (rpm)
18. Pressure loss (bar) on turbine to:
- lower speeds of 20m / h
- a speed of 20-40 m / h
19. Hose diameter polyethylene (mm)
20. Thick polyethylene hose (mm)
21. Number of layers of hose
22. Number wheeled stroller
23. Type drive suspension mechanism trolley
24. Weight system (kg)
without water
25. Dimensions (mm)
length
width
height
26. The area concerned day (ha)
27. Duration watering day (h)
28. Working capacity per cycle for 8 days (ha/cycle)
29. The cost of installation, euro / pc
(without VAT)
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1,0
1,5
Pelton
Francis
four speed steps
56
69
30-55
1:30
65
540
0- 0,5
0,5- 1,0
100
7,5
5
4-5
manually
2650
5510
2070
2900
2,5
20
20
Negociable
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L=

30

6

m

327 m

4

2
1

6
H2

72 m

H5

l=

4m

H

Legenda
m

1

3
5

L=
30
2

B=54 m
4

2

3
l = 2,8 m

l = 2,8 m

1. Instalatie cu furtun pe tambur
2.Rampa de udare
3. Drum de exploatare
4. Culuar tehnologic
5. L - lungimea benzii de udare
6. B - latimea benzii de udare
7. H - hidrant Dn 100 mm
6 pozitii de udare
8. 1

l = 2,8 m

Fig. 6. Scheme watering the plant sprinkler irrigation hose drum

5. Conclusions
By applying the technical solution we obtain the following benefits:
 better homogenisation of manure-water mixture;
 there is no risk of environmental pollution by monitoring the equipment process measurement
and control;
 enables solution administration when the culture is growing;
 you can easily modify rules dilutions and watering according to plant requirements, conditions of
soil / water and weather;
 localized watering at the soil surface with hose moving ramp, reduce waste and wastewater into
the soil through evaporation;
 reduce the work pressure on the system because of low pressure nozzles required distribution,
use of thermal actuation hose rolling of the plant and manure injections;
 reduce the amount of water supplied per unit area by distribution located;
 no loss manure transport network through the use of closed circuit of tank and injection;
 distribute small livestock manure liquid dilution as in high dilutions there is not a risk of pollution
of soil and water;
 set the flow at injection is carried out continuously and with the possibility of bubbling manure in
the tank to achieve a constant concentration during injection.
The main disadvantages of the technical solution are:
• transport costs can be high if the water source is the big distance (50 km);
• fertigation sown crops with high waist and short distances (less than 40 cm) is more difficult
because the hoses must be moved among the rows of plants at ground level;
• the direction of movement of the ramp should be no obstruction to prevent movement;
• slurry to be used must meet the quality and to be treated.
The technical solution is in the model experimental phase and is patent Ro 123.186.
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Abstract: The research that makes the subject of this paper aimed to reveal the influence of
fertilization along with drip irrigation in a crop of peppers and tomatoes placed in a protected
space. The experiments were conducted in a solar belonging to the Vegetable discipline, located in
the "V. Adamachi" Didactic farm in Iasi. The objective of the investigation is to determine the effect
of the fertilization method, using conventional fertilizers based on micro-organisms and
simultaneously with drip irrigation, compared to an unfertilized version. Thus, after the fertigation,
differences were found in terms of production per hectare, in the case of the two cultures. The
production obtained by the Brillant F1 pepper cultivar in the fertigated version was of 85,850 kg/ha
and the production of the Minaret F1 tomato cultivar, of 92,076 kg/ha.
Keywords: fertigation, sweet pepper, production, tunnel.
1. Introduction
Drip irrigation has been recognized as a sensible method of supplying water inside the
greenhouses, and a simple method for drip irrigation scheduling at low cost is urgently required[1].
Drip fertigation, a technique used to manage soil water and nutrition supplies according to the
actual water and nutrient requirement of the plants, can be applied to vegetable production to
maintain stable water and nutrition contents in the root zone of crops. It applies frequent and small
amounts of soluble fertilizers along with water by exerting the soil buffer characteristic and by
reducing the time interval between successive irrigations. [2], [3].
Drip watering facilities consist of: water preparation group, that provides connection to water, water
filtration, management of the fertilizers in the irrigation water, pressure and flow regulation and
measurement; irrigation equipment, consisting of transport pipes, irrigation pipes, dropping devices
and system monitoring equipment [4].
The efficiency of a fertigation treatment can be evaluated with a combination of the availability and
distribution of soil water and nutrients, the growth and development of crop root, and the formation
of crop yield. These parameters are relatively simple, rapid, easy to obtain and cost effective.
Among these, particular attention should be paid to plant root since the morphology and spatial
configuration of root can significantly affect soil water and nutrient transformation, mobilization and
use efficiency by plant and crop yield [5]-[7].
By fertigation, we can establish: the applied amount, the duration of the applications, the proportion
of fertilizers, the start and the end of the application. A fertigation system comprises a Venturi
injector head control, metering pumps, a fertilizer tank and automatic timers [8].
Vegetable crops are the eminent source of human nutrition and represent a dynamic segment of
agriculture [9].
Drip irrigation reduces crop evapotranspiration (ET) and deep percolation, but increases fruit
number, fruit size and soluble solid content of tomato, so it improves yield, fruit quality and water
use efficiency and decreases the danger of soil degradation and salinity [10].
Sweet pepper (Capsicum annuum L.) is one of the most important vegetables that are consumed
worldwide, after tomatoes and onions [11].
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Drip irrigation system coupled with fertigation could increase sweet paper yield up to an extent of
60% over surface irrigation with less quantity of water [12].
Water plays an important role in plant life and in determining the yield of tomato [13]. Tomato
(Lycopersicon esculentum Mill.) requires a constant and adequate water supply during the growing
season because it is sensitive to water stress, especially during the reproductive stage [14].
2. Material and method
The research was carried out in a semicircular solar (Figure 1), with an area of 270 m2, located in
"V. Adamachi Didactic Farm, within USAMV Iasi. On the surface of the solar, two experiments
were performed for two species of vegetables, tomatoes and peppers, arranged alternately in the
same number of versions (Table 1). The studied plants belong to the Brillant F1 pepper cultivar
and to the Minaret F1 tomato cultivar, grouped into four experimental versions (Table 1), on tapes,
the distance between the tapes being of 80 cm, between the rows per tape, of 60 cm, and the
distance between the plants in a row, of 45 cm, resulting in a density of 31,740 plants ha (Figure
1).
The experimental protection tape was established with the same, unfertilized hybrid.

a

A

B
C

D

Fig. 1. The establishment of the experiment
A – solar; B – distance between tapes; C – distance between rows on a tape; D – distance between plants in
a row.
TABLE 1: Experimental versions (2016)
Experimental
versions
V1
V2
V3
V4

Fertilization methods
Drip fertigation - using soluble fertilizer
Classic fertilization – by spraying on the soil surface and incorporated
Microorganism fertilization- by spraying on the soil surface and incorporated
Unfertilized (Mt)

Within the University of Agricultural Sciences and Veterinary Medicine "Ion Ionescu de la Brad"
Iaşi, in order to fertilize the vegetable crops through the irrigation water from the protected spaces,
a facility was designed and built.
This facility consists of a fertilizer tank, a watering programming automatic system, and a watering
line (Fig. 2).
To perform the experiments, a fertigation facility was designed and built, within the disciplines of
Agricultural Engineering, consisting of a water tank with constant watering, with a capacity of 20
tons, a tank for the preparation of the concentrated solution of fertilizer, a watering line and an
automatic watering programming.
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Fig. 2. Organization and location of the experiment
1- water buffer tank; 2- tank for the preparation of the watering fertilizer solution; 3- agitator; 4 - connection for the
buffer tank water supply; 5 - connection for supplying the fertilizer solution; 6 - supply pipe for irrigation facility; 7:11 valves; 8 - meter; 9 - programmer; 10 - ejector for mixing the water-fertilizer solution; 11 - water meter; 12 - main pipe;
13 - dropping pipeline; L1 - spacing between rows on tape (60 cm); L2 - distance between tapes (80 cm); L3 - distance
between plants in a row (45 cm).

The fertilizer tank used in the fertigation system in the experiment had a capacity of 300 liters, was
made of metal, was resistant to mechanical shocks and chemical ones.
On the outside, the tank was graduated from 10 to 10 L, the reading being performed with the help
of a transparent tube mounted on the side, operating on the principle of capillary action.
The top of the tank was provided with an inlet, through which the water was introduced to the
mixture of water and fertilizers. The mixture solution in the tank was carried out by an agitator,
being driven by an electric motor.
At the bottom of the tank, there was the outlet of the solution, which was provided with an opening
valve and a discharge hose. The fertilizing solution passed through the ½ "hose in the main
watering line.
Within the fertigation facility created at USAMV Iasi, the type Y, 1" TORO filter was used. Made of
plastic, it ensures durability and corrosion resistance. It presents a cover that allows easy and
quick cleaning, a removable filter, disc type, 120 mesh, the contact with the water basin being
made with an external thread of 3/4 ". The flow rate is of 7 m³/h, with a pressure loss of 0,001 MPa.
For the plant irrigation, a drip watering line consisting of the main line, the secondary line and the
watering line, with the tape diameter of 16 mm and the distance between the drainers of 10 cm,
was used.
The main water distribution pipe (figure 3), made of polyethylene, with a diameter of 1 'and 55 m in
length, made contact with the secondary water distribution pipe, located in the solar, component of
the watering line. The main pipe was connected by a series of fittings and accessories to the water
basin that fed the system.
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a

b

Fig. 3. a – filter: 1, 3 – filter case; 2 – disc type filter; 4 – outlet valve
b – main water distribution pipeline

The secondary water distribution pipe (Figure 4) was placed perpendicularly to the plant rows and
was meant to feed the watering tapes representing the active part of the drip irrigation system.
The watering equipment is the terminal part of the facility, consisting of transport and watering
pipelines, with provisions for the water distribution to the plant.
The connection between the water pipe and the drip tape was made by the valves, which may be
also used as starting connectors. The distance between the holes in the watering band is of 10 cm,
the diameter, of 16 mm, and the wall thickness, of 0.15 mm (6 mil).
In order to automate the watering program, a computer programmer was used for irrigation and a
water meter for the measurement of the traffic flow. The system has been installed at the entrance
of the solarium, being connected to the secondary water and fertilizing solution distribution pipe.
The irrigation programmers are computers that provide the exactly watering time, by setting the
desired duration and the watering interval.
Within the facility, the FLORABEST programmer (Figure 4) was used, having the following
characteristics:
• possibility of adjusting two daily watering intervals, adjustable irrigation time, between 1
minute and 23 hours 59 minutes;
• selectable irrigation rate between daily to 1 time per week;
• manual water intake by pressing a button;
• protected case against splash water (IPX4) with transparent protective cover;
• use for standard valves with threaded of 33.3 mm (G1 "), includes a threaded adapter of
26.5 mm (G3 / 4").
The programmer comprises an opening valve, a fertilizing solution circulation hose connected to
the fertilizer tank and a secondary water distribution pipe.
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Fig. 4. Automatic watering schedule
1 – irrigation programmer; 2 – fertilizing solution hose; 3 – apometer; 4 – way valve.

The flow rate was measured using a water meter with an accuracy of 0.0001m3, the maximum
working temperature being of 30 degrees and the maximum operating pressure, of 16 bar, located
in front of the programmer, through which the administered amount of water is recorded.
During the growth cycle, it has been administered an amount of water equivalent to 5600 m3/ha,
the watering being carried out every other day, in the time range 8.00-10.00 7.00-9.00, based on
the recorded temperature.
The plants in V1 version were fertilized along with drip irrigation at the, two times a week, the
fertigation being carried out in the morning. It was used Nutrispore® fertilizer - NPK (MgO) 10/30/10
- 300 kg/ha, NPK Nutrispore® (MgO) 10/30/15 - 425 kg/ha and NPK 12-48-8 Nutrispore® - 400
kg/Ha. In order to have a good fertigation, the plant nutrition has been carried out periodically,
twice a week, between two consecutive waterings.
The plants in version 2 were chemically fertilized, by spreading, on the surface of the soil, in each
plant area, in the equivalent of 200 kg/ha NPK 20-20-20 Cristaland®, applied during basic
fertilization; 250 kg/ha Cristaland® NP 15-50 + 2MgO, applied in the floral button phase (the first
inflorescence) and 200 kg/ha of NPK 9-18-27 + 2 MgO Cristaland®, applied in the first fruit
phenophase.
The plants in the V3 version were fertilized with a micro-organism based fertilizer, Micoseed® MB,
by spreading, in each plant area, in the equivalent of 60 kg/ha, applied in order to prepare the
ground, 2-3 days before planting the peppers. According to the data from the specialty literature,
Micoseed MB® is a fertilizer based on Glomus sp., Beauveria sp., Metarhizium sp. and
Trichoderma sp. [15]. In this version, during the growing season, there were also applied two
fertilizations with Nutryaction®, in the amount of 5 L/ha, to stimulate the biological activity of the
microorganisms.
In the V4 control version, there have been applied drip irrigations, under the same conditions as in
the V1, V2 and V3 versions. Weekly, biometric measurements were performed, by which the
dynamics of the plant growth has been determined, following the height of the plant, the number of
flowers and the number of related flowers/fruits.
The pepper and tomato plants were cared for according to data from the specialty literature [16].
The processing of the experimental data was carried out using the analysis of the version
(ANOVA), by calculating the limit differences [17].
3. Results and their interpretation
Experimental results concerning the pepper plant growth
The results concerning the production of pepper in 2016 are shown in Table 2. The production of
pepper in the experiment ranged very widely, from 55,870 kg/ha in the control version, V 4, up to
85,850 kg/ha in the fertigated version, V1.
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TABLE 2: Results concerning the pepper production (2016)
Difference compared
to the control
(kg/ha)
85850
153,7
29980***
64814
116,0
8944*
ns
56530
101,2
660
55870
100,0
0
DL 5% = 4896 kg/ha; DL 1% = 15520 kg/ha; DL 0,01% = 22472 kg/ha

Experimental
version
V1
V2
V3
V4

Total production,
kg/ha

Relative production, %

The difference of 29980 kg/ha, compared to the control version was considered very significant. A
significant positive difference was achieved in the classic fertilized version, this being of 8944
kg/ha.
The version fertilized with microorganisms, V3, made a difference compared to the control, of 660
kg/ha, and is considered insignificant.
Experimental results concerning the tomato production (2016)
The results concerning the tomato production obtained in 2016 are revealed in Table 3. The
production of tomato in the experiment varied within a wide range, from 69,651 kg/ha in the
unfertilized version, V4, to 92,076 kg/ha in the fertigated version, V1.
TABLE 3: Results concerning the tomato production (2016)
Experimental
version
V1
V2
V3
V4

Total production,
kg/ha

Relative production,
%

Difference compared
to the control (kg/ha)

**
92076
132,2
22425
ns
76148
109,3
6497
**
89330
128,3
19679
69651
100,0
0
DL 5% = 5891 kg/ha DL1% = 18674 kg/ha DL0,01%= 27039 kg/ha

In the tomato crop, the difference of 22425 kg/ha, compared to the control was considered
significant. A significant positive difference, too, was performed in the mocroorganism fertilized
version, of 19679 kg/ha. The classic fertilized version, V2, recorded a vast difference from the
witness, 6497 kg/ha, being considered an insignificant difference.
4. Conclusions
The pepper production of the Brillant F1 hybrid and the Minaret F1 tomato production, in 2016,
within the experience, obtained the highest values in the fertigated version, V1. The difference from
the control, in the production of pepper, of 29980 kg/ha, and of 22425 kg/ha, in the tomato
production, demonstrates that the version where fertigation was used made a decisive distribution
in time and space of the fertilizer, in the system root, distribution performed uniformly during the
growing season.
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Abstract: In this paper is presented the synergistic concept CHAB (Combined Heat and Biochar
production) and production of biochar from biomass by TLUD gasification process. Microgasification units using TLUD process are easy to operate, safe, simple and relatively cheap.
Quality of biochar is easily controlled and defined in current standards, unlike other artisanal
devices where there is no control over the thermal regime, resulting in uncertain quality of biochar.
TLUD micro-gasification units can be used in a wide range of practical applications: heating
greenhouses, dryers, food preparation, home heating, water heating, etc. Biochar resulting from
TLUD micro-gasification can be used as soil amendment in agriculture, proportions of 5-15%. The
carbon from biochar remains sequestered in agricultural soil increasing the soil fertility by 10-30 %.
Applying the CHAB concept fully exploits the chemically and energetic potential of biomass,
helping to increase energy independence in agriculture with a negative carbon balance, and
therefore the concentration of CO2 from the atmosphere.
Keywords: biomass, biochar, TLUD gasifier, CHAB, carbon balance
1. Introduction
The planet’s climate is changing due to increased level of pollution. This was well stated at the
international conference in Paris in December 2015. The population should be united in order to
reduce the increasing slope of CO2 concentration and further lowering its absolute value.
Thermo-chemical gasification of biomass, a process known and used for over 130 years, converts
biomass into a combustible gas with high energy conversion efficiency and low emissions of solid
particles. The gas produced can burn efficiently and cleanly. Installations for gasification are
relatively complex, large-sized and using generator gas called gasgen, or syngas, in internal
combustion engines, requires cooling and filtering operations with equipment which greatly
increase the cost of the installation. These aspects have influenced the increased use of more
external combustion steam cycles, conventional or organic Rankine for producing electricity in
cogeneration mode, even if these devices are more expensive than internal combustion engines.
Direct burning of gasgen doesn’t require cooling and filtering, which substantially reduces the cost
of energy installations.
To apply CHAB concept is proposed to use the TLUD gasification process of biomass, which
produces fuel gas and biochar. The TLUD process can gasify a wide variety of agricultural biomass
or from other origin, shredded between 10 and 50 mm and with humidity below 20 %. These
characteristics allow efficient use of local resources of biomass and increases energy
independence of farms. Minimal mechanical processing, transport distances below 15 km and with
natural ventilation lead to a very low cost of thermal energy produced, estimated at a maximum of
5 € / GJ, which is 6 times less than that obtained from diesel. Harnessing heat that is produced
simultaneously with biochar is substantially reducing the actual cost of thermal energy by an
average of 85% using biomass wood waste and 22% from pellets. Using the residual biomass in a
farm can make its own heat with very little cost, approaching to zero. This is a clear advantage of
using local or regional minimal processed residual biomass, which is abundant and does not
358

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
require long distance transportation. In time by storing it at the farm, the biomass it natural dries
without energy consumption.
By incorporating the biochar into the agricultural soil it can be obtained an organic sequestration of
the atmospheric carbon on an average of about -400kg.CO2/t.bm, which is very economical
compared to other methods proposed and tested. Development and research is needed to
increase the efficiency of biochar, which can be produced on farms, both to increase agricultural
soil fertility an as filter material for air and water.
BCH embedded in the soil is the most economical and ecological way of atmospheric carbon
sequestration for long journeys.
2. Conditions for biochar production
Biochar is produced by pyrolysis of biomass, a process in which organic substances are
decomposed at temperatures from 350 °C to 1000 °C in a thermal process with low oxygen(<2%).
For the production of heat from biomass are currently used the following processes:
● hot water boilers which are burning in layers
● gasification and combustion in the same enclosure, in hot water boilers
● gasification and combustion in a gas-producing heat exchanger
Each method has advantages and disadvantages, and are used depending on the specific
applications. [2]

Fig. 1. Energy produced by the combustion of biomass [5]

Biomass used in the TLUD micro-gasification process separates energy and mass in two parts: a
part of the biomass is completely converted into gas and biochar remains in an incandescent layer
after gasification. For example, in table 1 are shown the chemical composition and calorific values
of the biomass derived from the apple trees pruning and a part of integral gasified part. The ash
from biomass remains in biochar and the water is part of the gasified biomass. [5,6,8].
TABLE 1: Properties of biomass from apple tree pruning [3]
UM

Biomass
chopped

Biochar

Biomass
gasified

Relative mass

%

100.00

15.00

85.00

Carbon

%

43.11

73.60

36.78

Oxygen

%

35.57

10.80

39.94

Hydrogen

%

5.12

2.20

5.63

Ash

%

1.20

8.00

0.00

Water

%

15.00

0.00

17.65

P.C.I.

MJ/kg

15.30

22.40

14.05

%

100

21.96

78.04

Size

Rate of energy use

If the biochar is not gasified, it can use only 78% of the potential energy from the biomass charged
in the reactor. When applying the CHAB concept, if the biochar has not gasified, it is removed from
the reactor, cooled and stored. It has been discovered that in the infertile soils that have not been
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incorporated the biochar and in those that biochar has been incorporated, even today, are very rich
in minerals and have high fertility rate.

Fig. 2. Microscopic structure Biochar [2]

The current alternatively ways of exploiting the current energy potential of biomass extends CHAB
(Combined Heat And Biochar production) concept incorporating the use of biomass in production
of heat and biochar. [8]
The most effective method to apply the CHAB concept is the use of TLUD micro-gasification
process. The TLUD process functional diagram, presented in fig. 2, is effective because it can
gasify a wide range of biomass, conditioned to the fact that the moisture rating should be below
20% and shredded between 10 to 50 mm, in order to produce top quality biochar.

Fig. 3. CHAB concept applied to the TLUD gasification process [1]

3. The efficiency of using biochar in vegetable growing
In order to use, it must be taken to account that biochar is a tool to manage soil quality for the long
time, improving its quality and resulting in improving the crop production, while retaining in the soil
significant amounts of CO2, and protecting it against climate change [4]. It is important to
understand that biochar is not an actual fertilizer for soil, even if it contains ashes that can provide
plants with nutrients such as calcium, magnesium and potassium. It represents a very good
amendment for soils poor in nutrients, where the first application of biochar ash, it can increase the
productivity of farms. Also biochar contains no significant amount of nitrogen, but contains
decomposed carbon also called “unstable”. Where biochar is applicable and the nitrogen supplied
is insufficient, immobilizing it can reduce the crop yield. This can be solved through the use of
compost (where, the C/N ratio is to high) [3]. Biochar has a high pH >9, and for the best results
should not be used in combination with a soil which the pH exceeds the limit. So, before use,
should be measured precise amount of pH in the soil. Also in order to use the biochar it should be
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dried to 20% moisture, to not lose the property of maintaining the water and the nutrients in the
soil, in order to reduce CO2 emissions [8].
Molar mass ration H/C must be less than 0.6 and the ration of the molar mass ration O/C must be
less than 0.4. Higher values are indicative of inferior characteristics and deficiencies of pyrolysis
and high levels of VOC. [8]
Mixing of biochar with composts and manures may reduce odors, and improve nutrient
performance over time due to slower leaching rates. Mixtures may be applied for uniform topsoil
mixing, or top-dressed in tree plantations without incorporation. Although the airborne dust fraction
would be minimized, the biochar dosage application may be relatively low per ha, and additional
equipment would be needed to incorporate applied compost into top soils thereby increasing costs
and carbon footprint. Line trenching and backfilling may lend itself to high biochar application rates
in soil for carbon sequestration while still increasing the agronomic performance of soils. Though
labor and carbon intensive, the combination of high saturation rates and improved agronomic
productivity may make the practice viable. However, like deep banding, it is unknown how well
biochar migrates vertically through the soil profile. [8]
Vegetable growing is a profitable branch of agriculture, but can be even more profitable when done
well and efficiently organized. Therefore as was previously effective way to produce more
vegetables and tasty at the same time to increase soil fertility is to incorporate biochar in the used
soil. For example the influence biochar dosage of plant growth is shown in fig. 4.

(0 %)

(12.5 %)

(25 %)

(50 %)

Fig. 4. Evolution of radishes in soil with different dosage of biochar

At the Bodenkultur University in Vienna there have been conducted experiments with various sorts
of products from different sources of biochar and different pyrolysis temperatures. It has been used
two concentrations of biochar 1% and 3%
TABLE 2: Varieties of biochar[8]
Pos.

Base biomass

Pyrolysis temperature
layer(°C)

1

Energy grass

525

2

Wood chips

525

3

Vine strings

400

4

Vine strings

525
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The main characteristics of biochar used presented in the following figures:

Fig. 5. Biochar features for the experiments [1]

A first conclusion is that the VOC concentration is decisive in many situations and therefore the
less biochar is in VOC it is more effective as agricultural amendment. A low concentration of VOC
is obtained at higher temperatures of the flaming pyrolysis, in TLUD micro-gasification regime,
between 650°C and 750°C. [1]

Fig. 6 The influence of using a concentration of 1% [1]
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Conclusions
Taking into account of the needs and social conditions in Romania, it is appropriate that the
widespread of CHAB concept by producing useful heat and biochar in households, farms, industry,
etc, by helping to reduce CO2 emissions and increase production capacity from agriculture.
The biochar incorporated in the agricultural soil must have the characteristics necessary for an
effective increase of the soil fertility. As a result it has to be produced in facilities with effective
control of operating mode, to maintain quality in the desired limits.
Against the mirage of low production costs there are not recommended the use of homemade
micro-gasification units which use open fire containers, without any thermal control system,
resulting in a biochar with a high VOC of a doubtful quality.
Applying the CHAB concept in farms can effectively contribute to the lowering costs of production
of thermal energy required, with values up to 20%, capitalizing resources from the farm and
increasing the competitiveness of agricultural production.
Since from various sources of biomass is obtained biochar with different characteristics, which
each crop plant responds optimally only on certain level of biochar concentrations between 10%
and 30%. There are necessary experiments to continue to optimize the dosage of biochar in each
agricultural area.
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Abstract: multidisciplinary researches for developing the technical equipment destined for the
optimal application of phytosanitary products have led to an advanced conception for the design,
operation and instrumentation based on the concept of precision agriculture. The technical
equipment has the purpose of identifying the base crop plants, as well as the area situated
between the crop rows, through the means of image recognition algorithms, subsequently
calculating the degree of weeds in the area situated between crop rows. After identifying the weed
degree, a distribution of phytosanitary treatments is performed, proportional to the degree of weeds
in crops.
Keywords: precision agriculture, phytosanitary substances
1. Introduction
By applying a phytosanitary product is aimed to solve certain problems related to plant health. An
incorrect application of phytosanitary products can lead to:
- Product waste, which will eventually lead to increased costs for the farmer;
- Operator contamination;
- Environment contamination.
For a correct application of phytosanitary substances (dosed and distributed with precision), the
equipment for applying pesticides needs to operate in a reliable manner and to be used
adequately, in the purpose for which it was designed.
Concerns related to the incorrect application of phytosanitary products were intensified, analysing:
- the effect of nozzle type, nozzle size, spray pressure and spray boom height on drift, according
ISO 22866:2005, concluding that Venturi nozzles had the highest drift reduction potential, followed
by the low-drift nozzles and the standard ﬂat-fan nozzles;
- the inﬂuence of operational parameters as droplet size range and air ﬂow rate on airborne spray
drift both for ﬁeld crop sprayers;
- effect of width of spray-free buffer zones, nozzle type and air assistance on spray drift.
2. Material and method
The intelligent system for the active control of works for applying phytosanitary products – SITFrepresents a complex equipment destined to be fitted on classic machines for applying
phytosanitary treatments in field crops.
The system will be achieved in the form of a kit that can be adapted on almost every model of
equipment destined for applying phytosanitary treatments in field crops, the only dependence of
the kit toward the tractor being the electric power source.
The graphically simulated experimental model of the intelligent system for the active control of
works for applying phytosanitary products fitted on classic spraying machine is presented in (fig. 1).
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Fig. 1. Graphically simulated experimental model of the intelligent system for the active control of works for
applying phytosanitary products - SITF

3. Results
The operation of the experimental model implies interconnecting and synchronizing hardware
components with software components installed on the three main elements within the intelligent
system for real time active control of works for applying phytosanitary treatments:
- intelligent cameras for image recognition, with software that will be developed in Vision Buider Al;
- PLC (programmable logical controller), with software developed in GXWorks2;
- operating terminal, software developed in GotDesigner.
Overall operating manner:
In the view of optimal operation of the intelligent system, the software requirements that the soft
will comply are as follows:

The intelligent cameras capture images of the crop situated in front of the spraying
machine, synchronized with its movement speed. The cameras will analyse the images and will
transmit to the PLC the crop’s degree of infestation with weeds, on interest zones, identical in width
with the width of the segments of the spraying boom.

The PLC will calculate the norm of phytosanitary substance depending on the degree of
weeds and will command, through a specific command algorithm, the valves with motors that feed
each boom segment. The command algorithm will be based on the principle of the negative
reaction received from the pressure sensors on each boom segment and will take into account the
direction of rotation of the electric motor that drives the valves. Therefore, different quantities will
be applied on each boom segment correlated with the percentage of weeds in the areas covered
by them.

The graphical user interface will allow selecting the reference norm of phytosanitary
substances for the treated crop, to visualise working parameters (Pressure, flow rate, speed, etc.)
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Fig. 2. Software logical scheme

The automation scheme for the intelligent system for real time active control of works for applying
phytosanitary treatments in field crops depending on their degree of weed infestation comprises:

Fig. 3. Electric and automation scheme for the intelligent control system
(1.R –spraying machine tank, 2.P – spraying machine pump, 3.PTx pressure transducer, 4.FX 3* – PLC, 5.NI17**–
intelligent camera, 6.SV – speed sensor, 7.GT10** - operation terminal, 8.Mx electric motor, 9Rd – 5 segment boom of
the spraying machine, 10 D– flowmeter)
*components situated in the red frame are not part of the kit

The intelligent command and control system is powered by an inverter with a 24 VCC source
connected to the tractor’s battery.
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4. Conclusions
The implementation of this system for controlling the distribution of phytosanitary treatments in field
crops leads to cost reduction by optimizing the quantity of treatments applied.
Along with optimizing the quantity of phytosanitary treatments applied, a beneficial effect is
registered in terms of environment protection, materialized by reducing soil and air pollution.
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Abstract: The article presents some considerations general related to renewable energies, and
some technologies for capture, conversion and storage of renewable energies, practiced globally,
emphasizing the need for technical solutions and innovative technologies for storage, in particular
for the electric energy produced by photovoltaic panels and wind turbines, which have a regime
unsteady / random to delivery of the energy.
Finally, are presented some original concepts for capture, conversion and storage systems of
electrical energy in the form of pneumatics energy or hydrostatic energy, technical solutions with
great potential to be realized and transferred into production of energy from renewable sources
Keywords: renewable energy, capture technologies, storage technologies, power hydraulics, wind
industry, wind power, photovoltaic technology, hydrostatic transmission, fluid power transmission.
1. Introduction
The main sources of energy harnessed and used worldwide are represented by fossil fuels in 78%
of the total energy produced, and this consumption adversely affects both the environment and
the quality of human life. The solution, which is found in the current main research programs in the
domain of energy, national or international, is to increase energy efficiency for renewable
sources. [1]. The main objective of using clean and renewable energy is to reduce emissions of
greenhouse gases [2]. EU adopted its own strategy to fight climate change by adopting a plan for
sustainable growth, Europe 2020, which established a set of ambitious objectives, so-called 2020-20 targets [3]. Renewable energy has provided 24% of the national consumption of Romania in
2014, thus fulfilling since 1 January 2014 the targets for 2020. Thereby Romania ranks sixth
among EU Member States where the share of energy from renewable sources in gross final
consumption [2].
A restriction encountered in producing electricity is because electricity must be consumed when it
is generated and can be preserved only by storing them. This need has led, in addition to
developing technologies and devices for capturing renewable energies, to appear and develop a
range of technologies, technical solutions and equipment to store that energy in order to use
them subsequently. [4].
2. Current technologies for the capture, conversion and storage of renewable energies
In the article are presented some examples of technologies for capture / conversion of
renewable energies into the energy used in everyday life. Following the development of
research in this field, there are already other systems at laboratory level, pilot or
demonstration plants with real development opportunities in the next period [5].
The main types of renewable energy that have strong potential for recovery are: solar energy,
wind energy, energy from biomass, kinetic and potential energy of water (hydro), wave and tidal
energy, osmotic power and geothermal energy. Except the last two categories, all others are
based on solar radiation reaching the Earth.
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2.1. Technologies to exploit solar radiation
Harnessing solar radiation involves artificial means, called solar collectors, which are designed
to capture the energy, sometimes by focusing direct sunlight. Energy, once captured, is used in
thermal processes, photoelectric or photovoltaic. In thermal processes, solar energy is used to
heat a gas or a liquid, which is then stored or distributed (figure 1). In photovoltaic process, solar
energy is converted directly into electricity without the use of intermediate mechanical devices
(figure 2). In photoelectric processes, are used mirrors or lenses that capture sunlight in a
receiver, where heat is transferred to a fluid which puts into operation a system for conversion into
electricity. [6]

Fig. 1. Thermal solar panels mounted on houses [6]

Fig. 2 Solar photovoltaic panels [6].

2.1.1. Technologies for the capturing, storing and converting solar radiation into thermal
energy
Classic structure of a system for heating water using solar energy consists of the following
components (Figure 3):
1. The solar collectors, which can be flat, with vacuum tube, or tubes with direct heating of
the water;
2. Heat transfer system, circulation system and heat exchanger;
3. Hot water storage system;
4. The command and control system;
Solar systems which provide domestic hot water (DHW) can be classified into two categories:
active and passive.
The active ones are divided into two subcategories: [5]
- Direct active solar systems, which pump cold water in the solar collector, in order to
transform it into DHW.
- Indirect active solar systems, which have a closed circuit through which flows a heat
transfer fluid (water, usually mixed with antifreeze), which circulates between the solar
panel and heat exchanger.
For these systems, the energy storage problem is solved, at least partially, since, by definition,
these systems contain storage tanks.

b)
a)
Fig. 3. The structure of a solar water heating system: (a) indirect active system; (B) direct passive system [5]
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Solar power plants with thermal energy storage systems [5]
To accumulate the heat energy in order to produce electricity at night or during cloudy days,
two tanks are used, in which the storage medium consisting of a eutectic mixture of salts of
sodium nitrate and potassium nitrate, the proportions being 60% and 40% respectively [5]. This
mixture receives excess heat produced in sunny periods through a heat exchanger, and in the
absence of solar radiation gets heat from storage tanks through the same heat exchanger. Figure
4 shows inlet and outlet temperatures of the steam generator needed to drive the electric
generator.

Fig. 4. Schematic of a molten salt power plant [7]

Some technical dates [7].
The thermal storage tanks, all pipes, valves, and vessels for hot salt were made from stainless
steel because of its corrosion resistance to molten salt at 565 °C. Lower-cost carbon steel was
used for cold salt containment because of the salts lower corrosively at 290 °C.
The thermal storage medium consisted of approximately 1300 tonnes of nitrate salt nominally
consisting of 60 % NaNO3 and 40 % KNO3. This salt melts at 205 to 220°C and is thermally stable
to approximately 600ºC. The thermal capacity is 110 MWh and the molten salt inventory is 1400
tonnes. The dimensions of cold tank are: 11.6 m diameter and 7.8 m high, hot tank has 11.6 m
diameter and 8.4 m high.
A new storage method for solar thermal energy [8].
Engineers at Oregon State University (OSU) and the University of Florida have developed a new
thermochemical device for storing and releasing energy from the sun.
In contrast to energy harvested with photovoltaic cells, solar thermal energy is generally developed
as a large power plant, where acres of mirrors precisely reflect sunlight onto a solar receiver. This
energy is then used to heat a liquid and drive a turbine that produces electricity. However, the
same storage and intermittency problems associated with traditional solar remain.
The advance consists in a thermo-chemical storage system that acts like a battery where the
transfer is based on heat rather than electricity. During „charging‟, strontium carbonate
decomposes into strontium oxide and carbon dioxide, consuming the thermal energy produced by
the sun. When discharging, the recombination of strontium oxide and carbon dioxide releases the
stored heat.
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Fig. 5. Electric power plant with thermo-chemical storing system

An advance in the storage of
concentrated solar thermal energy
may reduce its cost and make it
more practical for wider use.
In these types of systems, energy
efficiency is closely related to use
of the highest temperatures
possible. The molten salts now
being used to store solar thermal
energy can only work at about 600
degrees centigrade, and also
require large containers and
corrosive
materials.
The
compound we‟re studying can be
used at up to 1200 degrees, and
might be twice as efficient as
existing systems.

2.1.2. Technologies for converting solar radiation into electricity
There are many technologies for the conversion of solar radiation into electrical energy. The
easiest method is to use photovoltaic panels, which convert directly using semiconductors that
exhibit the photoelectric effect. Photovoltaic solution can be used at any scale, from residential
applications and ranging up to photovoltaic parks [5].
Indirect conversion is done using solar concentrators or lens systems. The light radiation is
concentrated on a heat exchanger where the energy is transferred to a fluid, usually after
applying a conventional cycle of energy production (ex. steam - turbine - power generator).
A third category with commercial potential, also indirect one, represents the combination of a
solar concentrator and a Stirling engine that drives an electric generator.
Systems of these two categories using direct sunlight, require automatic orientation of the mirrors.
In photovoltaic systems, under the action of solar radiation, an electric current is generated due to
the potential difference (Figure 6); the current intensity is directly proportional to the irradiance
(Figure 7).

Fig. 6. Structure and functioning of photovoltaic cell [5]

Fig. 7. Addiction between direct current and
irradiance

A simplified diagram of a photovoltaic system is shown in Figure 8.
Permanent variations of voltage and current supplied by photovoltaic panels can damage the
batteries. To prevent this risk, it is used a charge controller that adjusts permanently both
parameters [5].
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Fig. 8. Simplified diagram of a photovoltaic system [5].

To convert direct current into alternating current with suitable grid frequency and voltage, it is
necessary to integrate a solar inverter into the solar system. For residential systems, 15% is
considered a normal yield for the whole system. According to latest reports, their effectiveness
reaches 20% and even 25%. The main problem which arises is electricity STORAGE. This
problem also occurs for systems which capture and convert wind energy.
2.2. Technologies for wind energy conversion into electricity
Wind energy is used extensively today; new wind turbines are built worldwide, and energy
obtained from wind shows the fastest growth in recent years. Most turbines generate energy
25% of the time, this value increasing in winter, when winds are stronger. Depending on the
position of the rotor axis, turbines can be with vertical axis (as shown in figure 9), or with
horizontal axis, figure 10. Latest models are the most common.

Fig. 9. Vertical axis turbine [5]

Fig. 10. Horizontally axis turbine [5]

Components of a vertical axis wind turbines are highlighted in Figure 11.
Specifically: the rotor hub, blades, nacelle, the pillar, the main shaft (low speed), speed multiplier,
braking device, high speed shaft, electric generator, cooling system, pivot system, wind vane,
anemometer and the control system (controller).
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a)

b)

Fig. 11. The components of a wind energy conversion system (a) and turbine blade length of 62 m (b)

3. Storing electricity from renewable sources
Efficient energy storage is one of the most spectacular and sensitive areas of activity and
initiative; development processes, equipment and technologies for the conversion and storage is
an exclusive condition for competitive use of all renewable energy sources (solar, wind, tidal, etc.)
[9]. The necessity of designing and implementation of new systems for performance "energy
storage" is required by the discrepancy between energy production coordinates (place, time) and
those of consumption. Fluctuations in consumption may be: diurnal, weekly and seasonal. In
general, attracting in the competitive economic circuit of the alternative sources of energy is based
on the cost and reliability of storage technologies.
Technology and equipment for energy storage [9], can be divided into:
- Technologies for storage of short duration and small capacities (less than 0.5 kWh);
- Technologies for storage of medium duration (12 - 60 hours), with capacities up to hundreds of
MWh;
- Technologies and equipment for long-term storage (10-300 days) and over 1,000 MWh.
If on technical advantages posed by energy storage, there is an unanimous opinion on the
usefulness, in what concerns the economic aspect, from the data reported by entities who
developed storage systems based on different principles, there is a great diversity in the cost of
MW installed and MWh stored and distributed, due to the diversity of applications. It is obvious
that the energy storage costs and raises the final value of the investment [4].
The cost of an energy storage system is influenced mainly by the price of storage element (battery,
flywheel, accumulation basin, etc.) and power electronics. Table 1 below is presented a summary
of these costs.
TABLE 1: The cost of storage [4]
Storage system
Hydro pumping
Compressed air
Fly wheel
Vanadium - REDOX
REDOX – FeCr
ZnBr
Zn Air
Pb Acidulous
Pb Acidulous
Pb Acidulous
Li Ion
Li Ion
Li Ion
NaS

$/kW installed
5700 - 8100
4480 - 4950
4300
6000 - 9100
3100 - 9200
3500 - 5750
3200 - 3950
3600 - 9000
2500 – 6100
4100 - 10800
2000 - 11000
5500 - 11000
6500 - 24000
5750 - 6580
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$/MWh installed
160 - 230
120 - 220
350
430 - 810
150 - 250
200 - 890
160 - 200
220 - 600
100 - 230
300 - 1320
650 - 1150
750 - 2100
700 - 2800
260 – 294
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These energy storage systems (ESS) – in big number and appealing to knowledge from many
different fields of technology – are based on conversion principles with mechanical character:
Pumped hydro systems (Pumped Hydro - PHS), Compressed air storage (Compressed Air Energy
Storage - CAES), Flywheels (Flywheel - FES), Electrochemical Pb-acid (Lead acid-LA), Nickel
Cadmium - NiCd, Lithium Ion - Li Ion, Sodium Sulphur - NaS, ZEBRA - NaNiCl, Vanadium RedoxVRB, Zinc Bromine - ZnBr , chemical: Hydrogen - H, electric, electromagnetic and heat: Double
Layer Capacitor (Double Layer Capacitor - DLC), Storage Superconducting Magnets
(Superconducting Magnetic Coil - SMES), Molten Salt (Molten Salt - MS). They are now in various
stages of maturity [4].
3.1. Storing electricity into the power grid
The network of electrical energy allows electricity producers to send excess electricity at sites
for temporary storage of electricity, which can become energy producers when demand for
electricity is higher. Also, users of photovoltaic panels and wind turbines can avoid the need
for battery by connecting to the network, which is actually a giant battery. PV users can store
electricity for use at night, and those who used wind turbines have access to energy in
periods of lack of wind.
3.2. Energy storage panels / photovoltaic collectors
All independent photovoltaic systems, which are not connected to the national electricity grid,
need special equipment to store energy in excess produced from solar radiation, energy which
need to be used when the generator can not produce or produce under consumption needs.
Batteries or accumulators are several types, depending on the material with which they are filled
and there are batteries with gel, which have the electrolyte as a viscous mass, and lead-acid
batteries, which contents sulphuric acid diluted with water, Figure 12, a, b, c, d,, [11].

d) Lithium batteries
(LiFePO4)
Fig. 12 Types of batteries and accumulators used for storing photovoltaic electricity [11].

a) Gel batteries

b) GEL batteries OPzS

c) OPzS solar batteries

3.3. Storing solar energy using hydrogen
A. One of the solutions of the future for storing energy from renewable sources, particularly
solar and wind, is the use of hydrogen obtained by hydrolysis, especially for residential
purposes. This solution is ecological and clean.
During the day, part of the solar energy produces hydrogen by electrolysis, which is used at
night for power generation, Figure 13, [12].

Fig. 13 Production of hydrogen daytime and night time use. [12]
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On one hand, the solution with alkaline liquid is cheap, but there are an alternative, more
efficient, that uses solid electrolyte polymer (PEM - Polymer Electrolyte Membrane), but has
the disadvantage of necessity use of requiring very costly materials for the membrane that
ensures separation of H2 by O2: gold, platinum and iridium, some of the most expensive
materials.
CNX Construction company found a solution via a new electrolysis device AEM (Anion
Exchange Membrane). It uses an alkaline solid polymer membrane, which is cheaper than
PEM solution, maintaining all advantages.
B. Some of the most promising solutions for long-term storing energy, on an industrial scale,
appeared in the late 20th century, are those that use hydrogen as energy carrier. The source of
hydrogen – water - practically exhaustless on planet, involves developing techniques for
electrolysis and "storage". Hydrogen can be stored by liquefaction and may be kept in
cryogenic tanks, technique already used in space [9].
The largest liquefied hydrogen tank is at the Cape Kennedy and has a capacity of 4000 m3,
equivalent to energy of 6,000 MWh, which can be used in fuel cells. Costs of storing hydrogen
in cryogenic liquefaction and maintaining its liquid state under critical conditions are so big that
make this path to be not widely translated industrial and not become commercial in the
foreseeable future.
C. A second way - the only one that has commercial potential so far - uses a chemical process
of "fixing" hydrogen on a chemical compound, such as aromatics products (benzene,
toluene, xylenes, etc.), and "extraction" it through catalytic dehydrogenation. In this way, the
support-molecules return to the initial aromatic structure in unaltered state, and the product
could be used in a new cycle of "storage" and hydrogen obtained is sent to the consumption. This
version of "storage" through hydro-aromatic compounds is much less expensive than the
"storage" by liquefaction and has a good chance to be developed at an industrial scale.
Example: In Quebec operates large industrial capacities in water electrolysis and catalytic
hydrogenation of aromatic products. The "hydrogenated" product is loaded into high-capacity
tankers and is transported to Europe, where it is unloaded to the French port of Le Havre. There
operate large plants for catalytic dehydrogenation of the hydro-aromatic compounds, in which
hydrogen is retained and the resulting product is reloaded in the same tankers that brought the
hydrogenated product. An oil tanker of 100 000 tonnes "carries" energy equivalent to 82 000 MWh
of electricity. In Germany, in the Rhine valley, even before 2000 operate a distribution network of
hydrogen that supplied consumers in Germany, Switzerland and France
Obviously reducing costs for long-lasting storage of energy is determined by the achievement
of water electrolysis processes with high performance as well as of hydrogen-oxygen fuel
cells with the highest possible yield [9].
3.4 Storing electricity converted into compressed air in deep lakes [13].
One of the most spectacular solutions for storing electrical energy uses the compression of the
air, which further is stored via balloons in deep lake waters.
HYDROSTOR Canadian Company invented a system of underwater balloons, under pressure,
which could store renewable energy until needed [13].
The first experiment was conducted in Lake Ontario near Toronto in Canada, with a series of
balloons set at 55 meters deep and connected to the main electrical network through a pipe.
The principle used underwater balloons, known technically as accumulators, filled with compressed
air. This method is also used to raise sunken ships on the ocean floor. The compressed air is the
main component of the system: the excess energy is converted / processed in the compressed air
belonging to HYDROSTOR, while the heat generated by this process is also stored, Figure 14 a, b,
c, d.
Where necessary, natural pressure of the lake is used to pump air back through the earth,
starting a turbine and generating electricity. Balloons in Lake Ontario are able to store enough
energy to power 330 homes, and system developers say that their capacity can be easily
expanded.
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a)

b)

c)
d)
Fig. 14. Pneumatic energy storage technology in deep lakes, [13].

3.5 Compressed air energy storage under the ground [14].
Last summer, a group of Midwestern utilities decided to pull the plug on an ambitious energy
storage project that, with the help of the U.S. Energy Department, was to have been built
underground in central Iowa, near Des Moines. The 270-megawatt project was cancelled after
unfavourable geologic conditions -- layers of clay where no one expected them -- were discovered
at the site. However, the concept of storing a large amount of energy under the ground
remains intriguing.
The Iowa Stored Energy Park would have used compressed air to store off-peak wind energy
3,000 feet underground in a geologic formation akin to an enormous upside-down teacup. On
windy nights, surplus electricity would have been used to run air compressors, forcing air to
displace the water in the sandstone aquifer. Then, when the energy was needed during the day,
the air would have been released and heated to run turbines.
Compressed air energy storage has not been used often. So far, there are only two such storage
projects in the world. One is a 110-MW facility in Alabama and the other is a 290-MW facility in
Germany. This technology would be very useful for storing intermittent power such as wind and
photovoltaic energy.
3.6 Compressed Air Energy Storage in underground cavern (CAES) [15]
Compressed Air Energy Storage (CAES) plants are largely equivalent to pumped-hydro
power plants in terms of their applications, output and storage capacity. But, instead of pumping
water from a lower to an upper pond during periods of excess power, in a CAES plant, ambient air
is compressed and stored under pressure in an underground cavern. When electricity is
required, the pressurized air is heated and expanded in an expansion turbine driving a electric
generator.
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The special thing about compressed air
storage is that the air heats up strongly when
being compressed from atmospheric pressure
to a storage pressure of approx. 1,015 psi
(70
bar).
Standard
multistage
air
compressors use inter and after coolers to
reduce discharge temperatures to 300/350°F
(149/177°C) and cavern injection air
temperature reduced to 110/120°F (43/49°C).
The heat of compression therefore is
extracted during the compression process
or removed by an intermediate cooler.
The loss of this heat energy then has be
compensated for during the expansion turbine
Fig. 15. Compressed Air Energy Storage plants
power generation phase by heating the high
[15]
pressure air in combustors using natural gas
fuel.
The only two existing CAES plants in Huntorf, Germany, and in McIntosh, Alabama, USA, as well
as all the new plants being planned in the foreseeable future are based on the diabatic method.
Independent of the selected method, diabatic or adiabatic method, very large storages are required
because of the low storage density. Preferable locations are in artificially constructed salt caverns
in deep salt formations. Salt caverns are characterised by several positive properties: high
flexibility, no pressure losses within the storage, no reaction with the oxygen in the air and the
salt host rock. If no suitable salt formations are present, it is also possible to use natural aquifers
4. Innovative systems for capture, conversion and storage of energy
In the course of the study phase of the CORE Programme 2016, it was studying the possibility to
manufacture of innovative systems for the capture, conversion and storage of electricity from the
photovoltaic panels and small wind power stations
In this regard, given the specific activities of the Institute INOE 2000-IHP, were analysed two ways
of converting electricity, namely: conversion in pneumatic energy, , respectively conversion in
hydrostatic energy.
4.1. Systems for capture, conversion and storage in pneumatic energy
Technology of capture, conversion and storage of electricity, derived from wind turbines and solar
panels, impose a unitary conception which contains all the elements necessary for converting
electricity into pneumatic energy, preparation of compressed air, convert pneumatic energy into
electricity energy, and the adaptation of the electric parameters to the requirements of the electric
grid where is re-injected.
A block diagram of such a system is shown in Figure 16, below

Fig. 16. Block diagram of a system for the capture, conversion and storage, in pneumatic energy

Given the block diagram in Figure 16, has been designed a scheme for achieving a complete
capture, conversion into pneumatic energy and storing this energy, and, also, conversion of
pneumatic energy into electrical energy, including adaptation of features obtained to the electricity
grid, in which is re-injected, shown in Figure.17.
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Fig. 17. Scheme of a system to capture, conversion and storage of the energy in pneumatic energy

The scheme is valid for the already existing wind farms, in which the problem is to energy storage
The scheme comprises an electro-compressor that convert electricity into pneumatic energy, an
entering tank / container, which works at the discharge pressure of the compressor, a line filter
and a cooler/drier of the air, a pressure reducer valve to the work value of the output air tank
battery for storing, and, also, the elements for air preparation, type FRL (Filter-RegulatorLubricator).
Also, a distributor which commands a pneumatic motor, which converts the pneumatic energy into
mechanical energy, used to drive an electric generator, which converts mechanical energy into
electrical energy and, finally, electric measuring equipment for specific parameters and its
adaptation to the network where it is injected.
If it are done one or more of these new wind plants, they can be designed based on the sketch
below, where mechanical energy of the wind is converted directly into pneumatic energy and then
it is stored after the same pattern as above, as shown in Figure 18.

Fig. 18. Wind energy capture system, direct conversion and storage of the pneumatic energy
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In this example the compressor that converts the mechanical energy of wind directly into
pneumatic, is mounted in the nacelle of wind plant and through a piped system, reach the ground
or the basement, directly in tanks / containers storage / storage of pressurized air.
It is a scheme that brings a number of advantages, inclusive high energy efficiency.
A similar example of compressed air plant diagram, found on the INTERNET, is shown in Figure
19 [16]

Fig. 19. Compressed air plant diagram (photo: creditkgpowersystems.com) [16],

4.2. Systems for capture, conversion and storage in hydrostatic energy
Starting from some hydrostatic schemes developed by the Institute RWTH Aachen University,
Institute for Fluid Power Drives and Controls (IFAS) [17], shown in Figure 20, it have developed
two simplified scheme to capture and conversion wind energy and hydrostatic storage of energy.

b)
a)
Fig. 20. Hydraulic diagrams of the hydrostatic transmission [17]

In order to achieve the system for capture, conversion and storage the hydrostatic energy, it was
developed a scheme embodying the hydro-mechanical conversion technology and the hydrostatic
energy storage, shown in Figure 21,

Fig. 21. Scheme of the system for capture, conversion and energy hydrostatic storage
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The scheme comprises electro-pump, that converts electrical energy into hydrostatic energy, a
group of protection and preparation (pressure valve and filter), rechargeable battery hydrostatic
energy storage, and a proportional electro-hydraulic distributor, which controls an rotary
hydrostatic motor, which converts the hydrostatic energy into mechanical energy, necessary for
driving an electrical generator and, also , an electrical equipment for measuring and adjusting the
specific parameters in according with the necessity of the grid where to be injected.
In case when are developed such new wind plants, they can be designed based on the sketch
below, where mechanical energy of wind is converted directly into hydrostatic energy, and this is
stored after the same pattern as above, as shown in Figure 22.

Fig. 22. System for Wind energy capture, direct conversion and energy hydrostatic storage

In this case, the hydraulic pump, which is actuated by the propeller through a multiplier of rotation,
converts the mechanical energy of wind directly into the hydrostatic energy. The pump is mounted
in the nacelle of the wind power plant, and, through some hydraulic pipes, fluid under pressure
reaches the ground, or in the underground, where is stored in hydro-pneumatic accumulators
installed. The diagram describes a situation where the convention hydraulic circuit is separate from
the hydraulic circuit for storage and for hydraulic actuating of the electric generator.
5. Conclusions
1 - The article presents a series of renewable energy sources, capture technologies, as well as
some methods and technologies for energy storage, applied worldwide;
2 - As a synthetic conclusion, it can say that use of renewable energy is in full expansion.
3 - The most important source of renewable energy represents, however, the rivers that led to the
development of hydroelectric power stations worldwide, including in Romania;
4 - In recent years, solar power has grown greatly, both by making photovoltaic solar collectors and
by developing solar thermal panels;
5 - Also a very important development, have the wind power plants, including in our country;
6 - Problem number one is storing electricity produced by solar panels and wind power plants,
because of their working regime which is very inconstant;
7 - Therefore, the article presents a number of methods and technologies of energy storage,
practiced worldwide, some still in an experimental phase;
8 - Finally, are presented some new concepts, original, to realise the systems for capturing and
converting of wind energy and electric energy from the solar panels, schemes containing technical
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solutions for storage energy in form of pneumatic energy or in form of hydrostatic energy, solutions
with a great potentially for practical achievement.
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Abstract: Excessively eroded slope terrains represent at national level a high ecological and
economic risk, for this reason this the governmental institutions show great interest, because in
conjunction with climate changes can generate ecological calamities. To keep us in line with
European strategies the government financed several research programs to develop innovative
technologies and equipment necessary to apply the rehabilitate measures to the high risk calamity
areas. Taking in to consideration that, the eroded terrains are more and more present due to illegal
tree cutting, and the fact that has a great impact on social and economic point of view, it is
necessary to develop several afforestation innovative technologies designed for degraded slope
lands and specific innovative technical equipments, which can be effectively be combined, so as to
allow their adaptation to: increase the forest fund in high risk areas for stabilise the terrines, and to
establish protection forest belts for decrease air pollution with dust.
Keywords: eroded terrines, environment rehabilitation, afforestation technology, slope terrain,
1. The impact of afforestation technologies of degraded lands
Internationally, afforestation operation aims to be mechanized and adapted to the toughest
environmental conditions, therefore it is required achievement of innovative technologies and
equipment suitable for degraded soils, namely the eroded slope terrain.
Current stage of development in our country is dictated by major agricultural and horticulture
machinery, equipment and technology development companies.
The afforestation field is rarely encountered because developed countries preserve forested areas,
especially areas with a high disaster risk, and also have a policy to discourage excessive cutting, in
spite of that, the trees cutting sector has grown rapidly and woodworking equipment’s show a high
level of innovation.
The development and greening the environment trend is growing, but because those two terms
cannot be actually matched, it was created the concept of green infrastructure. This concept has
been approved internationally by the most developed countries in the world (USA, China, Arab
Emirates, France and Nordics) and it has several objectives:
- Reducing the level of powdery substances from the atmosphere and noise pollution;
- Reducing land degradation level and to combat excessive temperatures;
- Reducing the massive earth movements and preventing environmental disasters
- To make passages for animals’ mobility in protected nature reserves;
- Creating depollution methods for historically contaminated sites (sites mining, petroleum,
chemical, industrial, domestic, etc.);
- Creation of green infrastructure to decontaminate surface polluted waters, etc.
At European level, the afforestation presents a priority because it has a good impact on the
environment at medium and long term.
Considering the magnitude of social movements for environmental protection and the work of
NGOs in the field, has developed a new sector of activity in landscape design and green
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infrastructure. In order to preserve the specific area and flora and fauna where develop several
types of trees transplant equipment’s and drilling machines.
The ecological disaster, according to some journalists, it is caused by private forests owners who
have triggered the slaughter of Romanian forests. [1]
The coordinator of WWF forestry programs, Radu Vlad has confirmed, that there is a tight
correlation between the illegal cuts red code and the floods red code, but also that “Not
accidentally, the degradation of forests and illegal cuts are considered a threat to national security”.
[1] Therefore, the biggest dangers that Romania forests are confronted with are the destructions
generated by uncontrolled cuts from wild mountains areas, both state and private forests property,
which are poorly managed and have a negative impact on environmental quality and disastrous
consequences in medium and long term.

Fig. 1. Map of risk areas and consequences of slope land erosion [2]

A necessity is to increase the green areas at the border; first of all to rehabilitate the area affected
by erosion and drought, as well as lowering the air pollution level and re-establish the local flora
and fauna.
If the extreme weather events are emphasized, can happen negative consequences for economic,
social and environmental as well: substantial reduction of agricultural production, reducing soil
fertility, removing partial/total agricultural areas affected by erosion and landslides, reducing the
capacity flood drain, clogging riverbeds, etc.
This consequences must countered by measures and medium term long as establishment of
agroforestry curtains and terracing the degraded land sloping. Methods that where demonstrated
their effectiveness and protecting the agriculture fields, the transport infrastructure (highway,
European and national roads) or human settlements (village, parish, town). These measures can
be applied with large human labour for a long time period or with adequate mechanized
technologies.
2. Innovative afforestation technologies
The afforestation technologies of slope degraded lands is very difficult due to: high soil instability,
different soil composition, mixture of green infrastructure planted (trees, shrubs, conifer, fruit trees),
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whether conditions and the particularities of the area. The green infrastructure must be chosen in
accordance with: type of erosion (wind or water erosion); area particularities; soil type and also
with area potential.

Fig. 2. Afforestation innovative technology for the of degraded slope lands.
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In scientific literature the slope degraded lands, especially those that are high eroded, must be
terraced in order to increase the soil stability, to prevent ravine regeneration and to collect the
water precipitation and the snowfalls. In this way it is encourage to infiltrate the water in the soil in
loose strips of land in the areas of the terrace is favoured, this way ensuring an additional pluvial
water supply for the saplings planted on those. The terraces can be dimensioned depending on:
the water volume that comes from precipitations; the terrace air flow, the number of saplings
planted, as well as the terrace platform counter-slope, which can be accomplished of 70 - 80 cm
wide, placed on a distance of approximately 2 m from the symmetry axis of terraces. The volume
of water that it can be retained by them is scientifically proven and the indicated values are: for a
10% terrace counter-slope it can collect approximately 17 l/m2 and for 15% counter-slope
respectively 25/m2. [3]
Land terracing works are part of the series of works with land and agro-forestry development
character within the territory systematization, for land stabilization in accordance with the factors
that could cause this process in time. [3] From a scientific point of view, it was proven the efficiency
to make terraces with 0.6 to 1.5 m wide, alternated with grass strips accomplished with
mechanized technologies. [4]
The terrace construction is made in accordance with geographic conditions and climate conditions,
usually their construction must take in to consideration the technology used to establish the green
infrastructure, especially when is created the slope inclination (usually the counter-slope for light
eroded terrains is 0…15 0 and for high eroded 15…30 0), because their wide must be between 1
and 1.5 m and the equipment’s power sources used do not damage the terrace structure and to
assures optimal operator conditions.
I usually the establishing green infrastructure process take place in spring and autumn, period in
which the soil stability is mostly influenced by weather condition and the water quantity
accumulated in the soil. In order to operate the equipment’s in optimal conditions (no slipping, no
diving or no mudding) must be equipped with twin wheels, spikes, metal wheels or tracks. Also for
all these reasons, it is recommended to use only small size power sources, tractors or motocultivators, because they have small gauge and lightweight.
In fig. 2, is presented the equipments used in this technologies are agriculture machines designed
for hard conditions and their sequence is established at the scene, respectively milling and
levelling, in accordance with soil structure, compaction level and terrace counter-slope.
Depending on soil compaction level is the passes number of the milling and levelling equipment’s,
the same thing happens when the terrace counter-slope is over 15 0.
Nationally, can be successfully implemented in this technology some agricultural machinery such
as tillers, tractors and other devices that can be adapted to these types of work, such as: horizontal
mills, levelling blades and drilling devices.
3. Consideration regarding the equipment’s used in afforestation technologies
The tractors used in this afforestation technology, at national level, is 200 DT model Tractor,
manufactured by HART S.A. company at Miercurea Ciuc, designed to work for slope terrains with
maximum angle of 200. The technical characteristics are: power steering, outlet power, tie rods, 2
hydraulic power source, 4x4, 4x2, 8-speed forward, 4-speed back, wiring, electrical socket,
counterweights, ARO Brasov motor, two pistons, diesel consumption 2 l/h, 20 HP, 15 kW, and a
three-cylinder Honda engine.[55, 56]
The newest professional motocultivators can rich 18 HP, as models manufactured by Bertolinii,
that are delivered with horizontal earth mills that also can be joint to small tractors.
One of the most important equipment from this technology is the horizontal earth mill, due to its
design and blades can be easily adapted to work in hard working conditions (soil with rock
fragments). The blades that are usually used are the L type, because they can work at wide range
of depths: for large depths (between a = 6...25 cm) and for field preparation (between a = 6...15
cm). The rotor diameter is also chosen depending of type of work that must realise, for soil
preparation Ф=350...550 mm and for hard conditions Ф=550...800 mm.
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Fig. 3. 66 cm earth miller designed for PRO TRAC motocultivator [93, 94]

The number of blades and their placement of the miller rotor is very important because depends
the crust splitting level and the earth crashing. In forestry aria it can be successfully used the earth
misaligned millers, Fig. 3, made by APESA Company.
The vertical drillers can also work in aggregate with tractor can especially when the drilling holes
are positioned on bough sides of the central tractor axis, especially for slope terrenes. The devices
which are equipped the standard models are: oil bath gearbox; shaft with protection; 3-point
adjustable mounting system to adapt to the tractor; vertical control system to maintain squareness;
screw to control the lateral movement; cross slope compensation system. The drilling equipment,
presented in fig. 4, works at maximum depth of 1000 mm and the auger diameter is between
250…600 mm, this equipment works in aggregate with tractor and has 3-point connecting system
and also can be successfully used in agriculture to establish forest belts and fruit-growers (fruittrees plantation).

Fig. 4. AGROSEZ and EUROMARKETING drilling equipment’s [5, 6]

In the next paragraph are presented most appropriate augers models, from technical point of view.
The drilling equipments are provided with dedicated augers, especially designed for various kinds
of degraded soil and the most representative augers are made by McMillen and Skid Steer, Fig.5.
A model dedicated for light and moderate soils are HDF. Instead the HDC model is designed for
hard working conditions as: compact soil, clay soil, asphalt, frozen soil and fractured rock. This
model it is made from cast steel and it has double hardened coils (on the outside edge) that are
ended with chisels for depth. The boring tip is "fishtail" shaped. The HDR auger has a single
hardened coil (on the outside edge) that is ended with steel tines shaped bullet, the distance to the
active element is 75" and a 2" hexagonal boring tip with 4” length. The HTF auger model is
especially created to plant trees and shrubs.
The Eterra Cast Bits auger, made by Skid Steer Company, has a working domain between 4" and
36" and it is equipped with removable chisels, in order to work with degraded lands as: land with
rocks, boulders, lava, or mixing zones with concrete or broken solid rock into large pieces.
When used power machineries and equipments with low ground clearance, it is necessary to use
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versatile augers with short coils, who works sequentially on reduced depths. From this category is
presented the Eterra Cast Bits auger, which is provided by the supplier with an extension shaft
such that it can be adapted higher ground clearance to equipments and to increase the working
field.

HDC auger.

HDF auger

HDR auger

HTF auger

Eterra Cast Bits
auger

Fig.5. Dedicated augers used by drilling equipment’s for degraded soil. [7, 8]
4. Conclusions regarding the afforestation technology
The two operating manners of the innovative afforestation technology, respectively with tractor and
with motocultivator are similar, but due to hard working conditions it can be state that:
- The size of a tractor is bigger than that of motocultivator, fact it must be taken in to consideration
when the terrace counter-slope is high and the soil is unstable;
- The power developed by the tractor is higher than the motocultivator, but nowadays this
difference is it can be easily minimized;
- The motocultivator can be fitted with maximum two independent PTOs, for the most performing
models, one can work in stationary and one in movement;
- The tractors have a mechanical transmission, hydraulic and pneumatic power drivers;
- The motocultivator manoeuvrability is higher, but the operator can be placed in difficult working
situations, especially when the soil is very degraded and unstable;
- The tractor can have more automation systems implemented in than the motocultivator.
For working counter-slopes bigger than 25 o, it is not indicated to use tractors as power source,
because there are more risks during operation, as:
- The risk to deteriorate the angle of the terrace achieved on degraded lands due to the probability
that the tractor resistance frame came in contact with terrace structure and to generate landslides;
- The risk of accidents during the equipment operation and equipment deterioration, especially in
the situation where the soil is unstable (high moisture or sandy soil) or under the action a higher
weight.
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Abstract: This scientific paper presents the author's original concept, foundation of multiapplication cyber-mechatronic systems as part of cyber-physical systems.
The paper focuses the fundamental bases of cyber - mechatronic systems in specific constructions
and concepts and with potential societal applications.
Keywords: cyber-physical systems; cyber-mechatronic systems, potential societal applications.
1. Introduction
The Universe of Cyber-Physical Systems (CPS) that also includes the cyber-mechatronic systems
(CMS) includes in the programme of development and its application the main stages, step by
step, towards their materializing and implementation in society, to ensure innovative national,
European and international strategies and for post-informatic and neural society.
Cyber-physical systems (CPS), which also includes the Cyber-Mechatronic Systems (CMS), have
become nowadays one of the most computerized applications, with a compact integration of cyber
and physical objects [1], [2], [3].
Cyber objects refer to any hardware / software resource that can be realized, along with
communication, information technologies and functions for control in a discrete, logical and
connected environment.
Physical objects refer to any natural or human systems that are generated by the technical and
technological laws and operating in continuous time.
Therefore, CPS & CMS - will transform the way in which we interact with the physical world, just as
the Internet has transformed the way in which we interact with one another [7], [9], [11].
The ultimate goal of the CPS & CMS - is to use the cybernetic infrastructure (including sensing,
computing, communication, information and hardware / software infrastructure) to ensure a smart
monitoring (from physical to cyber) and take control (from cybernetic to physical) over the physical
world (mechatronics).
These concepts set by the author, can be illustrated in Figure 1, [12], [13].
These concepts configured are set out systematically by mapping the basic concept of difficult
design issues of CPS and CMS, after presenting the most important theories of design and
modeling methods in order to finalize "a practice of CPS and CMS" then about sensors and
complex smart architectures of integrated sensors for and incorporation of integrated users with
actuators / complete architectures of actuators that will interact with the physical world and then
about concrete projects involving CPS and CMS for civil applications, including constructions and
management of energy, health care in human society and rehabilitation applications and platforms
of virtual recovery for the disabled based on reality, etc. [17], [18], [19], [23].
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Fig. 1. Cyber-physical systems (CPS). Examples and concepts

All these concepts, theories and fundamentals are suitable for the following groups:
 Students – for classes on CPS and CMS in faculties of computer science, electrical and
computer engineering, information technology and science, and so on;
 Researchers – for concepts, theory, scientific content and CPS & CMS design;
 Researchers in computing - computing algorithms for detecting patterns and control of CPS
& CMS;
 Engineers – for design principles useful for CPS & CMS.
 Etc.
2. Cyber-Mechatronic Systems designed in INCDMTM
The design of Cyber-Mechatronic Systems (as parts of Global Cyber-Physical Systems) was
achieved in research and doctoral teams due to the needs of industry, economy and society and
new approaches in industrial doctoral theses, especially due to the creation, development and
maturation of new specialized smart integrated advanced competitive fields embedded in technical,
technological, economic and societal environments.
In the most developed industrial environment, as is the automobile industry, have been created
and realized the first cyber-mechatronic systems for industrial technological processes for the
smart integrated control of automotive parts and the automation of the series manufacturing
processes and optimized operational processes, as presented below:
2.1 Ultra precise 3D multi-application Mechatronic Cyber-System for remote control and
remote monitoring
According to Figure 2, the structure of the Physical (mechatronic) and Cybernetics (IT & C) matrix
of the system, designed and realized in INCDMTM - in research teams, allows for the automation,
computerization and remote communication of the smart control and monitoring, thus contributing
to raising the quality and reducing operational costs specific to the automotive industry [22].
The 3D system of axes (x, y, z) (1.1) with ultraprecise displacement is controlled by a PC with a
dedicated software (1.4) and (1.5) to achieve the specific functions of measuring the part (1.3) by
using the 3D feeler (1.2). The system is protected by infrared safety barriers (1.6) and
communicates with special equipments in the electronic unit (1.7) both by means of the internal
industrial bus (2.1) as well as with the Internet network via a GPRS modem. Through this
communication connection is ensured the link with the remote control centre (3) set with a
calculation stand (3.2) and (3.3) connected to the router (3.1) and running specialized software
(3.4).
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In the regime of movement, the 3D system is designed to be mentioned locally using a program
preinstalled on a PC equipped with a display and control software as well as by emulating the
position remotely, [4], [5].
The positioning operation can be performed in a well defined area around the feeler.
In measurement mode, the pairs of information on position – feel will be converted in array
packages for complex mathematical processing that can be done both locally and remotely.
Switching between the two operating modes can be made anytime and measuring points can be
stored for automated operation in the PLC memory.
All these complex functions can be achieved by testing the interconnection of several units and
assemblies.
ULTRAPRECISION CYBER-MECHATRONIC 3D SYSTEM MULTIAPLICATIVE WITH
TELECONTROL AND TELEMONITORING

Fig. 2.

However, this cyber-mechatronic system does not require continued presence of a qualified human
operator and aims to provide operating parameters at nominal values, along with advantages of
the cyber technology, such as:
• minimizing operating-time debugging;
• preventive strategies in the operation and maintenance;
• modularity, flexibility and safety.
The ultra precise 3D multi-application mechatronic cyber-system for remote control and remote
monitoring ensures the connection of process stations located remotely from one or more control
systems with the use of different public or private networks for takeovers type event-driven,
determined by an event, or cyclical processing of data taken using special protocols and effectively
managed as a whole and in detail, [6], [7].
The cyber-mechatronic system uses one or more software to connect it to the "control and remote
monitoring centre" based on modern technologies such as GPRS and several PLCs. The cybermechatronic system can achieve and ensure remote service proposing the exchange of data via
the remote phone line or via the Internet and Intranet, using the equipment and remote systems,
such as computers, machinery, installations and production lines for fault detection, diagnostics,
optimization activities, maintenance, repairs, etc.
Thus, the cyber-mechatronic system makes significant contribution to minimizing the cost and
increasing the efficiency and productivity of industrial activities.
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The main services of the system consist of:
 Remote control - Remote control and monitoring system;
 Remote service, composed of:
• remote monitoring - determining system status;
• remote diagnosis - the identification of causes of malfunction;
• remote maintenance - eliminating causes.
 Acquisition of geometrical and mechanic parameters.
Automatic tracking systems are composed of remote surveillance monitoring stations, which
acquire store and process data from transducers located within automatic stations (Fig. 3) and
mechatronic cyber-system components structured in three hierarchical levels:
 local level - consisting of sensors and transducers, and the local computers the data type in
the structure of the system data logger placed having the function of measuring various
mechanical and geometric parameters;
 automatic monitoring station - located in an nearby area and in charge of coordinating the
procurement, collection, storage and primary processing of data received from multiple
automatic surveillance stations;
 central processing - powerful computer located remotely, the role of data processing and
analysis of data processed in the concentrator as well as the warning that the output exceeds
preset limits of sizes.

Fig. 3.

The data are collected by:
• GSM systems (data transmission, SMS);
• Radio systems;
• Satellite system(EUMETSAT);
• Mix systems(GSM - radio);
• VPN/Internet from local dispatcher centrals to other users.
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2.2 Cyber-mechatronic industrial-technological system with remote control and remote
monitoring
According to Figure 4, the structure of the physical (mechatronic) matrix and the cybernetic (IT &
C) matrix of the technological system, design and made by INCDMTM – in research teams–
allows the automation and remote computerization (remote control and remote monitoring ) of the
industrial line of the plant [10], [13], [14], [23].
The technological protection system performs the function of previous human workstations (1.1) for
specific production lines in the industry, such as automotive parts manufacturing industry. Parts
(1.2) feature tags with unique RFID IDs (1.3) communicating bidirectionally with a drive (2.4) and
with automation equipment and local remote communication but also a smart bracelet 2.3 placed
on the hand of the operator who is using the equipment (2.2) with a RFID tag and bidirectional
communication. Intercommunication between the mentioned elements (part, device, operator) is
collected and transmitted using antennas (2.5) and (4.1) via the Internet to a (4.2) computing
station at the centre of remote monitoring and remote control (4).
The computer in the centre of remote monitoring and remote control (4.2) runs special software
designed to synchronize tasks on a database technology and eliminate errors caused by real-time
tracking and manufacture through comprehensive analysis and forecasts.

Fig. 4.

2.3 Multi-application cyber-mechatronic industrial robot for remote control and remote
monitoring (the operational and service processes)
According to Figure 5, the structure of the physical (industrial robot) matrix and cybernetic (IT & C)
matrix of the industrial cyber-mechatronic robot design and made by INCDMTM – in research
teams – allows the cibernetization and communication of remote processes and operational
industrial services, contributing to the dramatic rise in productivity and quality of smart industrial
processes [16], [15], [20].
The multi-application cyber-mechatronic industrial system will perform remote control and remote
monitoring via robot (1) connected to a computer environment through a command unit (1.2) and
an interface (1.3) with both an internal industrial bus and Internet network (2.1) via a GPRS modem
4G.
Through this communication connection the link to the central remote control and remote
monitoring (3) is made provided with a computing station connected to the router (3.2) and (3.3)
and (3.1) running specialized software for robot control (3.4).
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INDUSTRIAL CYBER-MECHATRONIC ROBOT MULTIAPLICATIVE FOR TELECONTROL AND TELEMONITORING

Fig. 5.

2.4 Cyber-mechatronic automotive damper system for remote control and remote
monitoring
According to Figure 6, the structure of the physical (damper system) matrix and cybernetic (IT & C)
matrix of the industrial cyber-mechatronic damper system and made by – in a research team –
allows the computerization and cybernetization of the smart automotive and the respective
automotive industry, by raising the quality and increasing the productivity of the automotive
industry [21], [23].
The cyber-mechatronic automotive damper system for remote control and remote monitoring
performs the function of remote monitoring and remote control of a damper is equipped with an
electromagnet (1.1) powered by a high voltage source (1.6) to ensure the viscosity grade of
modelling of the rheological fluid (1.3).
To obtain information on the global acceleration of the cyber-mechatronic assembly attached to a
wheel of a vehicle it is used the (1.5) sensor with the (1.4) interface connected to a smart control
and a remote control equipment (1.7).
The Internet WAN network connection is performed using a specialized GPRS modem (1.9)
provided with a 4G antenna (1.8).
SMART AUTOMOTIVE CYBER-MECHATRONIC DUMPING SYSTEM WITH TELECONTROL AND TELEMONITORING

Fig. 6.
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Through this communication connection the link to the central remote control and remote
monitoring (3) is made provided with a computing station connected to the router (3.2) and (3.3)
and (3.1) running specialized software for smart dampers control (3.4).
3. Conclusions
The development of physical cybernetic (cyber-physical) systems and of cyber-mechatronic
systems as a smart solution for the future includes focusing on smart structural domains designed
in steps and according to the appropriate scientific levels already discovered and ongoing
discovery related to the virtual potential needs and performances.
Thus were created by INCDMTM – in research teams – concepts, design principles, smart
architectures and construction schemes of cyber – mechatronic systems as building blocks of the
global cyber - physical systems, with concrete applications in the automotive industry or the
industry in general.
For high - tech developments, will be addressed by INCDMTM – in research teams – for the future
in the future, smart cyber-mechatronic, cyber-mix-mechatronic and claytronic micro and nano scale
systems with virtual reality as well as the some provocative approaches to smart systems in
specialized areas smart with high economic potential efficiency and competitive efficiency well
above current levels of and ensuring security, safety and predictability at national and international
scale.
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Abstract: The inventions constitute one of the main assessment criteria for the activity of research
organizations, both in terms of organization as a whole and for each person involved. Within
Hydraulics & Pneumatics Research Institute, inventions overlap with the areas of interest and
development: hydraulic / pneumatic drives with high efficiency, use of renewable energy,
technological transfer of research results to the economic environment. This article presents some
patented devices and installations that can be placed into production to manufacturers interested
from SMEs or can be further developed in research projects in partnership.
Keywords: research, invention, innovation, progress, competitiveness
1. Directions and strategies research of IHP
Hydraulics and Pneumatics Institute from Bucharest (INOE 2000-IHP) operates in hydraulics and
pneumatics research area over 55 years, but the priority directions of research have adapted to
current times, so that the base was expanded into green energy, hydrotronics, mechatronics,
tribology area and technological transfer.
IHP’s research strategy is based on the following objectives:
• stimulating cooperation with universities and other institutions of higher degree in the field
of research on national stage;
• development of international cooperation in bilateral, multilateral and EU-funded projects;
• institutional capacity building by promoting postgraduate education (master and doctoral
research teams included);
• efficient transfer of know-how and technology to public institutions and companies using
the legal framework;
• increasing the scientific results published and disseminated, thus broadening the visibility
through enhancement of research;
• modernization of research infrastructure;
• creating a stimulating research environment friendly and competitive.
2. The role of inventions in innovation
Romanian economy tries to enter in the chains of regional and world added value through its
orientation towards innovation by creating a culture of innovation and, ultimately, by the
development of a society where innovation is the main factor of increasing competitiveness, turning
into a lifestyle. It wants that innovation to be a central factor in the economic and social
development in Romania.
Strategy 2014-2020 [1] is to increase the competitiveness of the Romanian economy through
innovation, supposing development of the companies to absorb the latest technology, to adapt
these technologies to the needs of serviced markets, and to develop, in turn, their technologies
and services that enable them to progress.
In a society, the progress is possible if there is a system of research - development that is capable
to product inventions when it is necessary to fix a technical problem and to implement in production
those solutions that will implicitly lead to an improvement, a change, a perfection of a product /
system, so innovation in a particular segment.
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In the industrial domain, widespread use of hydraulic drives and automation is explained by
productivity growth prospects offered on machinery, equipment and facilities, their static and
dynamic performance, reliability and overall efficiency. The preference for such systems is
evidenced by increased production of such equipment recorded in developed countries in terms of
industry, such as USA, Germany, Japan, Russia, China, etc., where the increases over a decade
are between 50 and 480%. It is expected that this rate will continue for the next 10 years.
So if we talk about progress and productivity in the field of hydraulic and beyond, we actually talk
about innovation, and thus about inventions.
INOE 2000-IHP has a broad portfolio of patents obtained from numerous research projects over
the years, which were made, mostly from the desire to provide SMEs that were partners in projects
chance to be competitive on internal market and even foreign.
Among the inventions made in the past two years, some are adapted to new trends priority
development: renewable energy, environmental, hydraulic energy recovery; others consists in the
modernization of hydraulic elements or mechanical subassemblies.
3. The importance of pump systems and pumps in hydraulic drive installations
In any hydraulic drive installation, pump is an essential component because it is designed to
transform mechanical energy (torque, rotational speed) into hydraulic energy (flow, pressure), so
as to provide optimum working parameters to consumers that are served. Since the parameters
required to the consumer differ greatly from one another, requiring values of flow and pressure are
in a wide range, manufacturers respond to market requirements by manufacturing various
construction types of pumps or pump systems.
Pump systems offers solutions for high flow rates such as the case of clean water supply,
irrigation, wastewater discharge, flood control, etc., but also for areas of industry (ranging from the
food industry and ending with the maritime industry).
Latest solutions offered by manufacturers refer to increasing work pressures, increased frequency
rotation and displacement speed, increase the energy indicators, increased reliability and
durability, etc.
The most popular pumps used in hydraulic drives are [2]: Manual lever pumps, External gear
pumps, Gerotor pumps, Internal gear pumps, Lobe pumps, Screw pumps, Fixed displacement
vane pumps, Variable displacement vane pumps, Radial piston pumps - Fixed displacement,
Radial piston pumps - Variable displacement, Axial piston pumps - Fixed displacement, Axial
piston pumps - Variable displacement
Among the most renowned manufacturers mention: Bosch Rexroth, Vickers, Parker, Denisson,
Eaton, Hydac, Enerpac, Hawe etc.
In the past two years IHP researchers have obtained four patents regarding to pumps, namely:
 Axial piston electro pump, patent no. 123638/30.06.2015 [3]
This invention relates to a rotary axial piston hydraulic pump that has its own electrical drive, and
can be used in hydraulic drive installations with mineral oil.
The axial piston electro pump, according to this invention, consists of a casing (1), inside which
there can be found a fixed spooled stator (2), wherein a rotor (3) can rotate electromagnetically on
two bearings; this rotor has on the outside a magnetic sub-assembly (4) and an impeller (5), and
on the inside axial pistons (6), which resting against a swash plate (7) pressed into a cap (8) sucks
and discharges the working fluid, by means of a switch plate (9) pressed into a hydraulic
connection cap (10), its inner sealing being provided by means of two seal rings (11.1) and (11.2),
which divide the hydraulic chamber from the electrical one; the latter may be cooled by fresh air
entering from outside.
 Double axial piston electron pump patent no. 123639/30.06.2015 [4]
This invention relates to a rotary axial piston hydraulic pump that can provide two separate flows
or, when needed, one cumulative flow; this pump also has its own electrical drive, which can be
used in hydraulic drive installations operating on mineral oil.
The double axial piston electro pump, according to this invention, consists of a casing (1), inside
which there can be found a spooled stator (2), wherein a rotor (3) can rotate electromagnetically;
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this rotor has on the outside a magnetic sub-assembly (4) and an impeller (5), and on the inside
two lines of axial pistons (6) and (7) unpaired and interlaced, resting against two swash plates (8)
and (9) concentrically pressed into a closure cap (10).
During rotation each line of axial pistons (6) and (7) can suppress one oil flow, which can be
separated inside a hydraulic connection cap (11) or can be merged into a single port by reposition
of two screw plugs (13.1) and (13.2), one for the suction ports and one for the discharge ports.

Axial piston electro pump

Double axial piston electro pump

 Hydraulic pump with two flow rates patent no. 128856/30.05.2016 [5] relates to a
hydraulic axial piston pump that can deliver simultaneously two different flow rates that can be
supplied to two separate circuits of a hydraulic drive installation which operates with mineral oil.
The pump according to the invention is composed of a central body (1), in which are arranged
axially on a diameter of the division, some bushings (2) in odd number, in each there is placed one
piston (3) of tubular shape and having two diameters of sliding, which together with some lamellar
suction valves (4.1) and (4.2), fixed to the pistons (3) and with some lamellar discharge valves
(5.1) and (5.2) secured to the bushing (2) form two compression separate chambers (a) and (b),
from which the oil may be discharged through some channels separate inner (d) and (e), to two
outlet holes (f) and (g) of a cover (15), during sliding the pistons (3) which are pressed by some
springs (6) by means of removable end caps (7) and of some skates ball (8), a friction plate (9),
secured through two screws (10 ) to an inclined plane of the swash plate (11) which can be rotated
left or right by a drive shaft (12) rotatably supported in a cover (13), which has at the lower part and
the hole of the pump suction.
 Hydraulic pump with three flow rates patent no. 128857/30.06.2016 [6] relates to a
hydraulic axial piston pump that can deliver in the same time three different flow rates that can
provide flow for three separate circuits of a hydraulic drive installation, which operates with mineral
oil. The pump according to the invention is composed of a central body (1) in which are arranged
on a diameter of the division, nine bushing (2), arranged axially and equally spaced from each
other, in which there are a piston (3), of tubular shape which may slide pressed by springs (6) and
driven by a swash plate (11) equipped with a friction plate (9) by means of removable end caps (7)
and of skates ball (8), driving being made of a drive shaft (12).
The pistons (3) having a suction lamellar valves (4) and the bushing (2) having discharge
lamellar valves (5), suction oil in the chambers (a) which it push it then in other chambers (b),
grouped three symmetrically arranged in correspondence with three ducts separate (c), (d) and (e),
forming three distinct oil flows, at three external orifices practiced in a cap outlet (15), flows which
can be equal to each other or not.
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The pump has a single suction port (f), cut into the bottom of a cover (13), and a plug for filling and
ventilation (14).

Hydraulic pump with two flow rates

Hydraulic pump with three flow rates

4. Equipments for renewable energy and environmental
 Installation for thermal energy production using solar energy combined with energy
from biomass gasification patent no. 126699/30.09.2015 [7] relates to an installation for
production of thermal energy, used for the preparation of domestic hot water and domestic heating,
which combines 2 renewable energy sources: solar energy and energy produced by biomass
gasification. The installation, according to this invention, consists mainly of 2 flat solar panels (1)
and a gas generator set (2), wherein biomass of agricultural and forestry origin is burned. The
number of solar panels and the power of the gas generator set are determined according to the
requirements of the housing where they are placed. The energies produced by the 2 sources
complement each other, so that the system allows energy independence regardless of time of the
day or season of the year. Solar energy is converted into thermal energy by means of solar panels
(1) and it is conveyed by means of a pumping group (8), to a bivalent boiler (5), where it is
transferred to the fluid inside the boiler, to allow increasing the temperature of the heat-transfer
fluid flowing through the radiators (11), and also the temperature of the cold water from the grid,
existing in the tank RA and which is converted into domestic hot water (DHW). The gas produced
by the gas generator set (2) is combined with air, resulting in a flame that heats the fluid existing in
the coiled pipe (4); this coiled pipe is connected to another, existing in the solar boiler (5), heated
fluid circulation being carried out by means of the pumping group (9). Through the contribution of
the 2 energy sources there are heated the heat-transfer fluid and the water to be consumed
existing in the tank RA.
After setting a desired temperature for the fluid in the bivalent boiler (5) in the memory of the
controller (3), there are compared the temperature values measured by the sensors (6) and (7); if
the difference between the temperature measured in the boiler and the one from the output of the
solar panels is higher than a value set in the range 2...16 K, the controller (3) gives a signal for fluid
circulation starting the operation of the pumping group (8). If the temperature in the bivalent boiler
rises up to the desired value, fluid circulation through the solar circuit stops; if temperature values
at the output of the solar panels and in the bivalent boiler become equal and are smaller than the
desired value, there starts to operate the gas generator set, by supplying the motors M1 and M2, at
the same time with starting of the pumping group (9). The pumping group (11) is supplied till
reaching in the heated premises a temperature measured by means of the environmental
temperature transducer (12) equal to the desired one, stored by the controller (3).
 Solar thermal panel patent no. 127041/30.05.2016 [8] refers to a panel for the capture of
solar radiation and conversion into heat the water used for domestic purposes.
401

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
The solar panel according to the invention comprises a circular frame (1) fixed to a support (2),
which contains under a protective glass (3), a circuit of the pipes (4), made from the center to
outwards as the spiral Archimedes, with space between coils that is equal to the diameter of the
pipe, fixed by means of two clamps (6.1) and (6.2). Circuit by pipes (4) has at the input side a
bended connection (5) and a restrictive valve (7.1) and at the exit another restrictive valve (7.2),
both oriented in the same direction. Under circuit pipes (4) is a mirror (8) ribbed in plane after the
same spiral, but with offset step and a thermal insulation (9).

Installation for thermal energy production using
solar energy combined with energy from biomass
gasification

Solar thermal panel

 Solar heater patent no. 127127/30.06.2016 [9] refers to an aggregate to produce hot water
using sunlight for its use in the summer in any individual household, even without another form of
energy.
The solar heater according to the invention consists of a conical container (1), on that is wrapped
at the outside a heating circuit (2) of pipe which connects a fixed shaft (3) through which cold water
can enter, and hot water may be discharged by a cap discharge (5), which has a thermostaticvalve (6) and an air release valve (7), at the lower part being a disc (8), for rotating of the conical
container (1) through the drive connecting rods (9) which are supported due to springs (10) on the
pins (11) being pushed step by step, by a set of opposing pistons (12) and (18), which slides
forward and backward due to the dilatation of the two liquids of the same kind, which there are in
two cylinders (14) and (16) which can be radiated in counter to the sun by means of a screen (15)
provided with two offset rows of slots between them, the pistons (12) and (18) being able to
emerge or withdraw in the bodies (13) and (17) connected by means of pipes with cylinders that
contain fluid expansion.
 Installation for bubbling air in septic tanks with biodegradable action patent no.
126562/30.03.2016 [10] refers to an air pumping installation in a septic tank, where under the
action of activated sludge and air take place a bio-degradable action on compost. Technical field
is: environmental science, environmental protection, ecological reconstruction, modernization of
urban and rural living environment. There are known septic tanks with the biodegradable action of
activated sludge under the air action on compost, at that the air is introduced into compost using
electrically driven compressors.
The present invention provides an installation for pumping air into the septic tank (1) in which the
air is introduced in the bio-degradable mass using the falling energy of a residual water column (a),
that compress the air from space (3) of draintrap, evacuating it through the valve (4) and pipe (2)
inside the septic tank. After escape, through the valve (5) that allows air in draintrap, the level of
the liquid stabilizes to the initial situation.
402

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

Installation for bubbling air in septic tanks with
biodegradable action

Solar heater

5. Hydraulic drive equipments and energy recovery
 Elevating work platform patent no. 126767/29.01.2016 [11] refers to a foldable elevated
work platform for people, electrohydraulic driven with energy recovery, which can be used to
renovate facades of buildings, to the maintenance of high technological equipment, aircraft
inspection and others.
Elevating work platform of the present invention is composed of a lifting mechanism (1) multiple
deformable parallelogram type, that fixed to a chassis (2) can raise up or down a mobile platform
(3) by means of a translation horizontal hydraulic unit equipped with a system for recovery of
energy from the descent, having a compact construction that consists of an oil tank (4) which
contains a gear pump (5), a cap (6) for sealing and communication, an electric motor (7) and an
electric distributor (8), attached to a hydraulic cylinder (9), in which is a rod piston (10) and a spring
(11), conical in shape, the assembly being closed by a the cover (12) clamped by means of the two
outer bolts (13).
 Hydraulic elevator for industrial loads, patent no. 127185/30.06.2016 [12] relates to a
hydraulic elevator for lifting industrial loads up to 1000 daN.
The elevator can be operated either via hand pump (3) or electro, using electro pump (9),
energized through the electronic power supply and load group (6) from the power supply, when it is
possible, or a rechargeable battery (5), which is loaded during the machine is connected to the
network.
When using the hand pump, the fluid passes through the check valve (8) to the cylinder and the
spool (9) of distributor is on the central position. When supply the electro pump (9) with electric
power, either from the electric network or from the battery, simultaneously the spool is moved to
the right, allowing the supply of the hydraulic cylinder, and the valve (8) does not allow the passage
of fluid by the pump manually. For lowering, the valve with throttle (11) can be actuated manually
or through a directional valve the cylinder is connected to the tank.
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Elevating work platform

Hydraulic elevator for industrial tasks

6. Updated hydropneumatic equipment and components
 Hydraulic flow regulator patent no. 129110/30.03.2015 [13] relates to a hydraulic device
by means of which one can adjust an oil flow that must be kept at a constant value regardless of
variations in hydraulic parameters of the system; this device is intended for hydraulic equipment
actuating compulsory constant speed mechanisms.
The hydraulic flow regulator, according to this invention, consists of a casing (1) in which there is a
rotor (2) which includes two rows of pistons, radial pistons (3) resting against a mobile rolling track
(4) acting as a motor, and radial pistons (5) resting against an eccentric rolling track (6) whose
position is adjusted from a maneuvering screw (7), against a cylindrical spring (8), acting as a
pump.
The mobile rolling track (4) is positioned in relation to the oil flow supplying the radial pistons (3),
which after passing through a calibrated nozzle in a cap (12), creates a pressure drop, which
applied on a control piston (9), against a reduction piston (10) and a conical spring (11)
automatically moves it, so that rotor speed (2) stays constant, including the flow discharged by the
radial pistons (5) discharged through a cap (13) and absorbed from the outside in case of need by
means of a hollow shaft (14).
 Technology for obtaining sealing assemblies patent no. 126389/30.03.2015 [14]
Procedureused in producing hydraulic seals by vulcanizing in presses, according to this invention,
consists of using a mold with two caps (3, 4), Fig. 2, to obtain a compound seal assembly, as in
figure 1. Profile of the seal assembly (1) is achieved by pre-vulcanizing the rubberized fabric item
(6) in the body of the mold (5) with the cap (4), followed in the second stage by vulcanizing the
assembly made of the pre-vulcanized fabric item and the elastomer (6, 7) in the body of the mold
(5) with the cap (3).
 Elastic pneumatic actuator of force patent no. 126776/30.09.2015 [15] relates to
developing a pneumatic linear actuator type pneumatic muscle, diameter 63 mm and maximum
stroke 100 mm, able to function, under the terms of SR ISO 8778, up to 10 bar, withstand a burst
pressure of 16 bar, and hysteresis in operation should be not more than 5% when operating under
load. Solutions proposed for the realization of the high pressure elastic pneumatic actuator regard
the use in its structure of a flexible element composed of three elastic fabric substrates in order to
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operate under high pressure, whose fabrics are without contact with each other to eliminate friction
and minimize hysteresis. The high pressure elastic pneumatic actuator 1, proposed by this
invention, includes the following parts: the flexible element 2, comprising the fixed armature 3 and
the mobile armature 4, and also the active elastic element 7 with inner diameter 63 mm. Through
the fixed armature pressurized air comes in and out; it inflates or deflates the elastic element and
causes an alternative linear movement of the mobile armature up to 100 mm, this one being linked
to the driven mechanism. The active elastic element 7 in the structure of the actuator is provided
with three support and resistance elastic layers, of tubular shape and equal thickness. The elastic
medium and nominal size of fibers are the same for each layer.

Technology for obtaining sealing
assemblies

Hydraulic flow regulator

Elastic pneumatic force actuator

7. Conclusions
Currently all over in the world there is a very wide range of products / systems for industry, so that
a SME can become active or remains on the market if it offers products that have an intake of
intelligence, creative, offering the buyer something extra or something very special and useful.
Thus it requires innovation, whether it is incremental nature, when it is improve a product or such
radical when the product is completely new and provides a qualitative leap that is superior to all
available at that time or a new development direction.
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Regarding IHP activity, this is mostly based on grants that are based on innovation in the field of
hydraulic, environmental, green and renewable energies.
Unfortunately, although we make sustained efforts to achieve a technology transfer of our
knowledge to public or private companies, using our very good relations that we have with two
technology transfer centers (Cluj and Bucharest), no. of collaboration has been reduced, but we
remain optimistic, especially because this year we have an ongoing technological transfer project
funded by the European (POC - G axis) and some on PNCDI III -2.1. Competitiveness through
research, development and innovation.
References
[1] “National Strategy for Research, Development and Innovation for 2014 – 2020” (”Strategia națională de
cercetare, dezvoltare şi inovare 2014 – 2020”),
https://www.edu.ro/sites/default/files/_.../strategii/strategia-cdi-2020_-proiect-hg.pdf;
[2] I. Tița, “Fluid Power Systems“ (“Acționări hidraulice și pneumatice“), Editura PIM – Iași, 2009;
[3] N. Ioniță, “Axial piston electro pump”, patent no. 123638/30.06.2015;
[4] N. Ioniță, “Double axial piston electron pump”, patent no. 123639/30.06.2015;
[5] N. Ioniță, C. Dumitrescu, “Hydraulic pump with two flow rates”, patent no. 128856/30.05.2016;
[6] N. Ioniță, C. Dumitrescu, “Hydraulic pump with three flow rates”, patent no. 128857/30.06.2016 ;
[7] P. Drumea, E. Murad, C. Dumitrescu, “Installation for thermal energy production using solar energy
combined with energy from biomass gasification”, patent no. 126699/30.09.2015;
[8] N. Ioniță, C. Dumitrescu, “Solar thermal panel”, patent no. 127041/30.05.2016;
[9] N. Ioniță, C. Dumitrescu, “Solar heater patent”, patent no. 127127/30.06.2016;
[10] S. Anghel, Gh. Șovăială, “Installation for bubbling air in septic tanks with biodegradable action”, patent
no. 126562/30.03.2016;
[11] N. Ioniță, C. Dumitrescu, “Elevating work platform”, patent no. 126767/29.01.2016;
[12] C. Dumitrescu, L. Veber, F. Georgescu, L. Dumitrescu, “Hydraulic elevator for industrial tasks“, patent
no. 127185/30.06.2016;
[13] N. Ioniță, “Hydraulic flow regulator”, patent no. 129110/30.03.2015;
[14] S. Anghel, Gh. Șovăială, C-tin. Nicolescu, I. Niță, Al. Ștefan, “Technology for obtaining sealing
assemblies”, patent no. 126389/30.03.2015;
[15] I. Niță, A. Vișan, G. Matache, “Elastic pneumatic force actuator”, patent no. 126776/30.09.2015.

406

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania

BUSINESS MODELS AND COMPETITIVE ADVANTAGE FOR
TECHNOLOGY TRANSFER ENTITIES
CASE STUDY: INNOVATION IN COMPANIES WORKING IN
FLUID POWER APPLICATIONS
Alexandru MARIN1, Laura BOANȚĂ1, Alexandra HADĂR1
1

University POLITEHNICA of Bucharest, Post address: 313, Splaiul Independenței, Sector 6, Bucharest;
alexandru.marin@upb.ro, laura.boanta@upb.ro, alexandrahadar@yahoo.com

Abstract: The present paper deals with the topic of the modern approach of knowledge transfer in
the context of the open innovation mechanisms, by using the instrument of business model for the
technology transfer organizations, emphasizing competition, competitive advantage and value
capture.
The companies approach to technological transfer is strongly based upon their integration in the
socio-economic environment.
Each technology transfer entity or economic organization should define its business model and use
it as an instrument for developing their “business” strategy.
Keywords: Knowledge and Technology Transfer, Business Model Canvas, Porter’s Five
Competitive Forces, Fluid Power Companies
1. Introduction
Knowledge transfer approach is nowadays more appropriate than ―traditional‖ technology transfer,
because of the contribution which innovation brings to growth, productivity and job creation in the
actual knowledge based economy. As innovation tends to be more ―open‖, successful knowledge
transfer from the research activities become ever more critical [1]. At the same time, the deep
penetration of multi-national corporations in the global economy is a reality and if anyone wishes to
valorise the benefit of investment in public research systems, it should be ―build strong bridges‖ for
knowledge transfers towards indigenous businesses whose weak capacity to undertake open
innovation may negatively influence their performance. The inherent ―barriers‖ between R&D
entities and firms must be well understood and it should be created mechanisms capable to
efficiently address them.
At international level, especially in EU countries, the most important technology transfer activities
are: patenting assistance; technology licensing; spin-off assistance and/or financing; liaison for
contract research. Independent technology transfer entities, being established separately from
universities or research institutes, are focused on spin-off support / assistance, i.e. business
incubators or accelerators. This specificity is associated to their origination, typically from
concerted action of governments and chambers of commerce or industry associations, with a
strong emphasis on regional economic development. In recent years, there has been greater
interest in creating spin-off companies, mainly when the newly created technology has a relative
broad area of practicability, although it is a complex and expensive process, the rate of ―mortality‖
in the early years being high, only very few succeeding to become large firms of surviving in the
market.
Following the professional opinion of Porter [2,3], it is mandatory that organizations have their own
strategies, reflecting their needs and plans, depending on their institutional configurations and
external environment. Organizations adapting to new institutional arrangements and responding
efficiently to new demands should be able to choose the way they reorganize themselves. In this
respect, Duczmal [4] illustrated the example of a not-for-profit organization, such as a higher
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education institution, that adopted added value strategies not just for money, but working in the
benefit of the society and attaining performance in their mission accomplishing.
In Porter’s approach, we distinguish two families of business concepts or strategies useful for
industry analysis as follows: product differentiation strategy and efficiency or cost leadership
strategy [5]. The first type of strategy refers to the fact that the organization is unique as serving a
specific market and offering products / services that are different from the products offered by other
suppliers. In the second family of strategies, the advantage of the organization lies in its ability to
produce its product in a less costly way as compared to its competitors. As further identified by
Porter, strategies can be directed towards either a broad market, or specific market segments. As
a possible situation, but not always, by targeting the broad market, it may lead to an increased
added value and a better competitive position of the company [4].
The term of ―business model‖ has been traditionally applied to information technology. In the
entrepreneurship literature, the concept is generally understood as the logic of how an organization
operates and creates value for its stakeholders.
Three key thematic areas address the business model concept:
- application in e-business and information technology;
- strategic issues, including value creation, competitive advantage and firm performance;
- technology management and product-service innovation.
Osterwalder [6] considers that the current use of business models in strategic management as an
endowment, which constitutes a firm’s operational and physical form.
The common understanding of business models relies on two fundamental held perspectives:
- value or customer approach and
- activity or role approach.
Firstly, the business model concept puts greater emphasis on cooperation, partnership, and joint
value creation, where strategy emphasizes competition, competitive advantage, and value capture.
Secondly, the business model concept places relevance on customers and value proposition.
Chesbrough & Rosenbloom [7] raise three key differences held in business models, as opposed to
classical strategy for profitability:
- value creation and delivery are essential for business models;
- financial value created for the business is not essential;
- knowledge limitations within a firm are assumed.
The Business Model Canvas, created by Osterwalder & Pigneur [8], is an integrated framework
that more recently serves as a business model design tool, developed from an in-depth analysis of
typologies and business model definitions, illustrated through the classification of nine key
elements, which include: customer segments, value propositions, distribution channels, customer
relationships, revenue streams, key resources, key activities, key partnerships, and cost structure.
At the core of the Business Model Canvas, value proposition is identified as integrating three
fundamental practical aspects: value creation, value capture and value delivery.
Even if apparently being fully dedicated to profit oriented businesses, the instrument is helpful also
in sectors beyond profit, particularly in the public and non-profit sectors. Thus, Osterwalder &
Pigneur [8] argue that their concept of ―third-party enterprise model‖ can also be applicable to the
public sector. Also, Osterwalder & Pigneur [8] stress that any organization - no matter its nature has a business model if it creates and delivers value and generates revenue. The difference relies
to their mission, respectively organizations in the public sector being charged only with their public
service mandate.
2. Objectives of the study
The present paper deals with the topic of the modern approach of knowledge transfer in the
context of the open innovation mechanisms, by using the instrument of business model for the
technology transfer entities or any business organization, emphasizing competition, competitive
advantage and value capture.
The aspects presented in this study reveals what are the main characteristics of the business
models to be used by different technology transfer entities, following the specific requests for each
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organization, the influence factors related to the generation and protection of the research results
in innovative activities, introduced in the frame of the nine key elements of the Business Model
Canvas, in the context of Porter’s Five Competitive Forces, focusing on a case study for
companies working in Fluid Power applications.
3. Preliminary analysis
Theory and practice of technology transfer and entrepreneurial behaviour of companies have a
high degree of novelty and even more when discussing about knowledge transfer. In this respect,
is mandatory to deeply investigate the literature of business models, transaction costs, professional
and organizational culture and of competitive advantage theory, destined to correctly identify an
adequate framework for a technology transfer business model. Consequently, the topic of
technology commercialization has been largely studied, but there remains much to explore and
understand, because majority of organizations didn’t embrace easily the concept.
One approach adopts that an entrepreneurial organization business model depicts the architecture
of internal and external relationships across business functions that creates and captures value
through the commercialization of technology and technical / business knowledge.
A more accurate business model definition was given by Chesbrough and Rosenbloom [7] who
see it as the transforming process that allows the value inherent in a technology to be unleashed
for the customer, respectively being captured by the commercializing entity (see Fig. 1).

Fig. 1. Framework for analysing the role of the business model

In Figure 2, are presented the relevant parties implicated in the technology transfer and their
functional relations. Factors that positively influence these interactions and improve the knowledge
exchange rely to: movement of personnel between private and public sector organizations,
implication of personnel in lifelong learning programs developed in universities, training scientists
for acquiring management techniques, getting familiar the business executives with the culture and
practices of the scientific world; all these measures contribute directly to build trust and credibility
between participants.
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Source: Dottore, A.G., Baaken, T. and Corkindale, D.
Int. J. Entrepreneurship and Innovation Management

Fig. 2. Relevant parties implicated in the technology transfer and their functional relations

By analysing the schematics presented in Figure 2, through a systemic approach, in the same line
with the business model concept, and following to effectively leverage the human capital potential,
any business model for technology transfer should contain elements responding to the following
requests:
- Build a culture that reinforces positive prior experiences and helps to develop appropriate
attitudes toward technology transfer. In this spirit, top management should enforce specific
institutional arrangements, stimulating research activities in the field of user-supplier relationships,
stimulating the development of an environment in which scientists with prior industry experience
are encouraged and supported in their business oriented steps;
- Set an internal incentive mechanism for encouraging technology transfer, where non-monetary
rewards and recognition should be added to the set of tools developed to strongly orient
researchers’ attitude towards improving technology transfer through an efficient partnership with
socio-economic environment;
- Improve trust and credibility between R&D&I market actors, by maintaining fully opened
communication channels, by organizing workshops that continuously notify both the companies
and researchers about what is new, either in research laboratories or in the marketplace.
There are certain influence factors, related to the generation and protection of the research results
in research organizations, which are relevant to business and incentives for their exploitation:
- Strong R&D data base of results / offer, relevant to business environment;
- Awareness of market needs and effective communication with business environment;
- Adoption of commercialization tasks as part of the research organization functional system;
- Adequate incentives for research organizations to commercialize;
- Availability of resources and programs to encourage enterprise culture in a research organization;
- Intellectual property policy (e.g., ownership) that favours technology transfer;
- Availability of resources for intellectual property protection;
410

ISSN 1454 - 8003
Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX
November 9-11, Baile Govora, Romania
- High level of intellectual property protection, including patenting, as the main driver for technology
development in the knowledge based economy.
For technology transfer entities, ―business model‖ is defined broadly and encompasses how they
―make money‖ and how they generate value for various stakeholder groups, even if this does not
correspond directly or immediately to a revenue stream. By using Business Model Canvas, is
important to mention that it has major limitations, the most important conceptual problem
concerning the categorization of stakeholder segments that benefit from, but also contributing to,
the value proposition; these stakeholders can be categorized as both partners and customer
segments (and sometimes also as resources).
At the first glace, technology transfer centres value proposition and services tend to focus on three
main areas of activity:
- patenting assistance + technology licensing + spin-off assistance and/or financing;
- technological and marketing skills development;
- liaison for contract research, respectively community building.
Analysing the expectation of the technology transfer centres clients, spin-offs / start-ups see ―oneon-one mentoring‖ as the key value proposition and they request to receive stronger emphasis.
Training programs are likely to have positive effects on the local ecosystem, on long term frame,
but they do not appear as the most efficient means for efficient and needed support for spin-off /
start-up creation.
Technology transfer centres strategic decisions target prioritizing value-maximizing activities and
building partnerships, with a wide variety of stakeholders that have a partially overlapping interest
in entrepreneurship and start-up support.
Consequently, governance, leadership and consortia - off all types of socio-economic actors, i.e.
clusters, innovation labs and hubs etc. – building, including intermediary / brokerage entities - such
as technology transfer centres - are critical for success, only when being led by a purpose-driven
organization that has an inherent interest in supporting the development of an innovation
ecosystem.
There are several models and frameworks used in the analyses of competitiveness of
technological transfer entities in the context of globalization and knowledge based economy, being
argued that competitive advantage is traditionally strictly relied to an industry. So, the
competitiveness of any business entity could be determined, based on Porter’s Five Competitive
Forces Model, as defined by the following: the threat of new entrants, rivalry among existing firms
within an industry, the threat of substitute products or services, the bargaining power of suppliers,
and the bargaining power of buyers (see Figure 3). The intensity of threats of new entering
technology transfer centres, short-term substitutes, and rivalry among existing ones could be
analysed over the strength of any technology transfer entity as supplier, as viewed by its clients as
buyers.

Source: Harvard Business Review, 2008,
Based on Michael Porter's Five Forces of Competitive Position Model

Fig. 3. The Five Forces that shape industry competition
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In the case of technological transfer entities applying focus strategy, they concentrate on a narrow
client segment, and within that segment they manage to develop the best offer and capture its
interest, discouraging other providers from competing directly. In this case, clients have less choice
and are left with fewer alternatives to choose from, but their satisfaction could be higher.
On the other hand, a broad market-wide business concept suggests a broad market strategy,
where the products / services offered addresses to a wider market segments. Organizations
choosing the broad market strategy can adopt the differentiation strategy or the cost leadership
strategy, when emphasizing price first and just afterwards their specificity.
However, most often is recommended to mix both strategies, offering low-cost products to some
consumer groups that emphasize the price mainly, and high-quality products to those consumers
that are attracted by the brand and quality of the products [9]. Technological transfer entities that
consider a broad market strategy offer a wide range of services. Their offer is targeted at a wide
array of client groups. Technological transfer entities that decide to adopt such a broad market
strategy need to have diversified sources of financial resources.
The threats of new entrants become a competitive force when they are new and provide the same
products / services. Consequently, easiness of new companies for entering an industry attracts
more harsh competition.
Power of suppliers relies to the fact that if one supplier has a large enough impact to affect another
company's offerings, it becomes a competitive force to consider and then it holds substantial
power.
On the other hand, power of buyers is associated to the pressure that customers can settle on a
business. Consequently, companies should adopt strategies so that they provide requirements and
demands of customers with impact to the success sustainability and profitability of their business.
Availability of substitutes becomes a problem as buyers will have the tendency to switch to another
supplier with a more competitive product / service.
All the above discussed forces contribute to analyse of the intensity of competition, to the
profitability and attractiveness of an industry. In Figure 3 is presented also the interaction among
the different competitive forces.
In the context of Porter’s Five Competitive Forces, our study assumes that these could also be
adopted as assessment factors in determining the competitiveness of technological transfer
entities. Supplier in the R&D system refers to research organization; buyers correspond to
companies; existing competition refers to R&D competitors; substitutes are associated to
alternative intermediaries aside from the ―classical‖ technological transfer entities offering
specialized brokering services.
4. Case study: Innovation in companies working in Fluid Power applications
Accenture’s Technology Vision considers a three-year set of technology trends [13]. While each
year highlights the latest trends, it’s important to recognize that each trend represents just part of
the global picture. As organizations continue their journey towards digital businesses, they will
need to keep up with the latest evolutions in technologies, and continue to master those that have
been maturing. These technologies are quickly becoming the base for how organizations build their
next generation of business, as well as the catalysts for many of the trends that we discuss this
year.
Thus, General Electric is just one example of a wider change in how companies work today. In
response to constant disruption and fast-shifting business goals, forward-thinking enterprises are
reimagining their workforces. In the past, anyone—from accountants to machinists—could spend
their entire careers doing the same job, using the same skills to support businesses with largely
unchanging goals. But today we’re seeing companies being continually pushed to change
products, services, and sometimes even business models. And not just once, but constantly, as
each new technology innovation emerges.
Business leaders are realizing a more liquid workforce can become their new competitive
advantage (see Figure 4).
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Fig. 4. Liquid workforce supporting the new competitive advantage

Companies strike attaining dynamic business for their customers by continually developing their
offering, from sourcing to distribution of products, bespoke design, manufacture and partnering
services. The models of several divisions sustain the strategy of achieving a focused fluid power
group, as a representative example (see Figure 5). They are supported by the central services and
by the key enablers.
In common with all organizations, i.e. Flowtech [14], every company faces risks which may affect
its performance. There is little that can be done about the macroeconomic environment but the
Board of Administration of every company believes that an adequate strategy, which is designed to
exploit opportunities created by the market, places each company in a strong position relative to
others, particularly where those markets are volatile. For controlling the risks, each company
should be able to manage a system of internal control and risk management, destined to provide
assurance that they manage the risk whilst achieving the business objectives. No system can fully
eliminate risk and therefore the understanding of operational risk is central to management
processes. The lasting success of any company depends on the continual review, assessment and
control of the key business risks it faces. Risk review is an ongoing process and is reviewed
formally by the Operational Board prior to each year end.
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Fig. 5. The models of several divisions sustaining the strategy of achieving a focused fluid power group

The principal risks identified include (see Table below):
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5. Conclusions
After completion of this preliminary study, we draw some working hypotheses that characterize the
―living organism‖ of a business model for any technology transfer entity or business organization:
- Leadership team characteristics have a major influence on business model definition,
implementation and continuously adaption;
- Top management with a market orientation is more likely to understand and valorise the
importance of using an adequate business model, following the mission and objectives settled by
its strategy;
- Significant change in the top management team and regular re-evaluation of the business model
are positively related to the necessary business model adaption, due to continuously modification
of the environment, including important external threats.
With these working hypotheses, each technology transfer entity or business organization should
define its business model and use it as an instrument for developing their ―business‖ strategy.
The specific case of companies working in Fluid Power applications makes no exception. Further
important trends include the design and manufacture by using on a large scale the mechatronics
concepts of components and systems, modularisation and use of materials and energy which
minimises the impact on resources. The main challenge today, however, for both manufacturers
and operators is energy efficiency in industrial processes, not least in view of energy costs.
Consequently, new business models are already being adopted on a large scale, for example
intensified after-sales service and a greater focus on the total cost of ownership and condition
monitoring systems.
Concluding, in the actual global competition, the power transmission engineering and fluid power
industries benefit from their use of the latest technologies for all kinds of applications throughout
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the value creation chain. As the most important suppliers to the machine and installation
construction industry, these two industries help to create a political environment in which climate
and energy-policy objectives can be attained. They are ready and able to take on the challenges of
changing markets, acting on the principle, more important than ever before, not least because of
regional considerations, of ―Think global, act local‖.
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