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EDITORIAL

ROMANIAN HYDRAULIC POWER IN THE
WORLD

We are living in a world in course of

globalization, in which who does not
comprehend properly the historical trend of
nowadays will have to surmount huge
difficulties in the daily life. Hydraulics and
pneumatics are appropriately framed ,
according to the new trends of evolution,
keeping the right pace both in what regards
organizational issues and technical and
scientific development. It is unmistakably
apparent a regrouping of forces, the smaller
specialised companies associating with the
bigger ones, ending by a distinct presence of
only a few, very representative brands in the
field. In what regards technique, pneumatics
have already made the qualitative leap up to the
future, while hydraulics is still preparing for
upgrading its technical and technological level.

In Romania this field is still affected by the
economic crisis of the last years and by its
ceaseless endeavours to integrate into the
world elite of this domain. The number of the
employees in the field was reducted over 15
times and production was also cut over 10
times, which led to such an intricate situation
which we have not been able to overcome yet.
Our chance is represented by the few active
national cores from Bucharest, Cluj, lasi,
Ramnicu Valcea, Timisoara or Sibiu which by
tremendous efforts have succeded to maintain
Romanian hydraulics on the European map of
this field.lt is worth mentioning that big
companies have come on the Romanian
market but they have not proved any intention
yet of starting any production of equipment, but
only of systems and their most important
activity is that of sale.

Despite all these facts and improper conditions,
we have to mention the successfull association
of the companies from the field in FLUIDAS,
which has already joined CETOP, the European
professional association and succeeded to
promote and maintain good relationships with
similar associations from other countries like
Poland, Italy, Germany or Russia.
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It is not negligible the cooperation between
certain research and academic centres from
our country with the most famous European
centres of the like, even if the direct contacts
between these have not been very
significant.The most important system of
connections of the Romanian scientists and
professionals with those from other countries is
that of direct contacts. It deserves mentioning
here the meetings with the specialists from
Aachen, Torino, Wroclaw, Cracow, Toulouse,
Poitiers, Russe, Chisinau, Prague or Vienna
who honoured with their presence the HERVEX
annual international scientific reunion. But
although the direct scientific contacts and
meetings were numerous their concrete
relevance to the national research and
production is extremely low. The contacts of the
last years on FP7 themes or structural funds
seem to bring a slight change in what regards
international cooperation in the field, with
concrete results for Romanian hydraulics.

In the end we remark the tendency of rebuilding
international relationships, on a new
groundwork, according to the real demands of
the national economy and to the common
interests in technical and scientific activities of
our most important foreign partners and the
Romanian representative names in the field.
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EDITORIAL

HIDRAULICAROMANEASCAIN LUME

Traim intr-o lume in curs de globalizare, in care
cine nu intelege mersul istoriei va avea mari
probleme in viata de zi cu zi. Hidraulica si
pneumatica se incadreaza destul de bine in
noile tendinte, atat din punct de vedere al
organizatorii cat si din punct de vedere al
dezvoltarii tehnico-stiintifice. In acest sens se
poate usor observa regruparea firmelor de
specialitate in jurul celor mai puternice, in final
ramanand doar cateva mari grupuri care sa fie
reprezentative in domeniu. De asemenea se
constata ca tehnic pneumatica a efectuat deja
saltul calitativ spre viitor in timp ce hidraulica
este inca in etapa pregatirii trecerii spre
urmatorul nivel tehnic sitehnologic.

In Romania domeniul inca are de suferit atat
de pe urma integrarii la nivel mondial cat si de
pe urma crizei economico-financiare a ultimilor
ani. Reducerea numarului lucratorilor din
domeniu de peste 15 ori, a fabricatiei de peste
10 ori a condus la o situatie din care inca nu
reusim sa iesim. Sansa noastra o constituie
existenta celor cateva nuclee active la nivel
national Bucuresti, Cluj, lasi, Ramnicu
Valcea, Timisoara,Sibiu, care cu eforturi
deosebite reusesc sa mentina hidraulica pe
harta europeana a domeniului. Este interesant
ca marile firme au patruns in Romania, dar
deocamdata fara activitatea de fabricatie de
echipamente ci doar de sisteme si de vanzare
a echipamentelor fabricate in alte tari.

Chiar si in aceste conditii s-a reusit crearea
unei asociatii a firmelor cu preocupari in
domeniu FLUIDAS care fost integrata la nivel
european in CETOP si care a reusit sa asigure
legaturi foarte bune, inclusiv la nivel de
protocoale directe de cooperare cu asociatiile
similare din tari ca Polonia, Italia Germania
sau Rusia.

Nu este de neglijat nici sistemul relational al
unor centre de cercetare si academice din tara
noastra cu cele mai prodigioase centre de
expertiza europene, chiar daca pana acum
contractele directe intre acestea nu sunt
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Cel mai important sistem de legaturi al
specialistilor romani cu cei din alte tari il
reprezinta cel al legaturilor directe.

Dintre acestea as remarca pe cele cu
specialistii din Aachen, Torino, Wroclaw,
Cracovia, Toulouse, Poitiers, Russe, Chisinau,
Praga si Viena care au fost si la intalnirile
anuale realizate sub genericul HERVEX.
Consider ca desi numarul contactelor
personale este destul de mare, efectul acestora
asupra cercetarii si productiei nationale este
extrem de scazut. Contactele ultimilor ani pe
teme de FP7 sau pe Fonduri Structurale par sa
modifice ideea simplista de mobilitati si sa se
treaca la cooperarea internationala in domeniu,
cu rezultate concrete pentru domeniul
hidrauliciiromanesti.

In final trebuie remarcata tendinta de reasezare
a legaturilor internationale pe directia cerintelor
reale ale economiei nationale si primele
elemente serioase de activitati tehnico-
stiintifice si de productie comune cu principalii
actoriinternationali din domeniu.

VI



HERVEX Noiembrie 2010
CONTENTS

SECTION 1.THEORETICAL AND EXPERIMENTAL STUDIES AND RESEARCH

1 MODELLING AND SIMULATION OF THE DRIVING SYSTEM OF THE CATERPILAR CARRIER

Henryk Chrostowski, Zygmunt Domagata, Waldemar Sradomski 13-20
2 MATHEMATICAL MODELS FOR LOOPED PIPES NETWORKS IN STATIONARY AND TRANSIENTS

REGIMES

M. Barglazan, T. Milos 21-26
3 MECANISMUL PILOTARII SUPAPELOR

Gabriel Radulescu, Gheorghe Sovaiala, Radu Radoi, Niculaie Mihai 27 - 29
4 DATA MEASUREMENT AND NEW STRATEGIES FOR WAVEFORMS ANALYSIS USING FFT

P. M. Nicolae, G. Vladut, L. Mandache 30 - 37
5 CONDITIILE DE DIMENSIONARE ALE ARCURILOR SUPAPELOR CU COMANDA DIRECTA

Gabriel Radulescu, Radu Radoi, C&talin Dumitrescu, Niculaie Mihai 38-40
6 SONIC TRANSMISSION ON WIND TURBINES

loan POP, Paul VIDICAN, Constantin CHIRITA, Horea ABAITANCEI, Marius DENES-POP, Viad BOCANET 41 - 46
7 RHEOLOGICAL RESEARCHES CONCERNING THE THERMAL BEHAVIOR OF THE LUBRICATING

GREASES

Alexandru Valentin Radulescu,lrina Radulescu 47 - 50

8 FIRST ORDER VIRTUAL PROTOTYPE FOR ANALYSIS OF COMPLEX INTERACTIONS BETWEEN
HYDROSTATIC DRIVING SYSTEM, WHEEL AND IRREGULAR ROAD AT CONSTRUCTION

EQUIPMENTS
Adrian - Sorin AXINTI, Silviu NASTAC, Gavril AXINTI 51-56

9 SECOND ORDER VIRTUAL PROTOTYPE FOR ANALYSIS OF COMPLEX INTERACTIONS BETWEEN
HYDROSTATIC DRIVING SYSTEM, WHEEL AND IRREGULAR ROAD AT CONSTRUCTION

EQUIPMENTS

Adrian - Sorin AXINTI, Silviu NASTAC, Gavril AXINTI 57 -62
10 DETERMINAREA CONFIGURATIEI GEOMETRICE OPTIME A SUPAPEI

Gabriel Radulescu, Dr.ing. loan Lepadatu, Radu Radoi, Ing. Niculaie Mihai 63 - 65
11 DEFINING THE WORK OF DEFORMING WEAR-PROOF IRON-NICKEL PLATING IN MICROSQUEEGING

Vasile Javgureanu, Pavel Gordelenco 66 - 70

12 DEVELOPING A POWERFUL, INNOVATIVE HYDRAULIC SYSTEM OF TECHNOLOGICAL EQUIPMENTS
FOR MODERNIZING THE PRE-STRESSING AND THE TENSION RELEASE OF THE STRANDS IN THE
STRUCTURES OF PRE-STRESSED CONCRETE
Andrei Grama, Dumitru Zetu, Constantin Chirita, Adrian Constantin Hanganu 71-75

13 ANALYTICAL ISSUES RELATED TO INERTIAL MECHANICAL SPEED VARIATOR
loan POP, Marius DENES-POP, Constantin CHIRITA, Vlad BOCANET, Paul VIDICAN 76-78
14 MULTI-DOMAIN SIMULATION OF AHYDRAULIC VIBRATION SYSTEM FOR DYNAMICAL TESTING OF
MECHANICAL STRUCTURES
Constantin Chirita, loan Pop, Abaitancei Horia 79-83

15 STUDIES UPON CAVITATION EROSION OF THE STAINLESS STEELS X12CRMOS17 AND X22CRNI17

llare Bordeasu, Mircea Octavian Popoviciu, Adrian Karabenciov, Alin Dan Jurchela, Nicolae Birau 84 -90

16 SOUND ANALYSIS OF THE FIRST VERSION OF THE GEARLESS AND CLUTCHLESS
NON-SYNCHRONOUS TRANSMISSION

loan POP, Vlad BOCANET,lulian LUPEA, Constantin CHIRITA, Marius DENES-POP, Paul VIDICAN 91-96
17 DYNAMIC VISCOSITY IN VARIABLE TEMERATURE AND PRESSURE CONDITIONS
Mihail IONESCU 97 - 100



HERVEX Noiembrie 2010

SECTION 2. MECHATRONICS, AUTOMATION AND ROBOTICS, STANDS

18 INCREMENTAL PNEUMO-HYDRAULIC POSITIONING UNIT
Mihai Avram, Constantin Bucsan, Victor Constantin

19 E-SKILLS IN SMALL AND MEDIUM SIZED ENTERPRISES AND THE CONTRIBUTION OF E-LEARNING
lleana Hamburg, Oleg Cernian, Gabriel Viadut

20 MECHATRONIC MODULE FOR MONITORING DUAL AXIS TILT
Marian BLEJAN, Mircea COMES

21 MODELS USING PNEUMATIC ARTIFICIAL MUSCLES HUMAN MUSCLE SYSTEM FOR ACTIVE
MOVEMENT OF THE HUMAN BQDY 3
Jean FIRICA, Manuel Cristian FIRICA, Camelia FIRICA

22 DATAACQUISITION EQUIPMENT FOR MEASUREMENT OF THE PARAMETERS FOR ELECTRIC
ENERGY QUALITY
Gabriel VLADUT, Petre-Marian NICOLAE

23 SNOW CLEANING ROBOT
Vlad Vaduva, Diana Mura Badea,Dumitru Vlad, Tudor Dragos Guta, Constantin Petre

24 TEHNICI DE FILTRARE NUMERICA A SEMNALELOR PENTRU SISTEMELE DE COMANDA A
DISPOZITIVELOR HIDRO-PNEUMATICE
Andrei Drumea, Paul Svasta

25 PNEUMATIC POSITIONING SYSTEM WITHOUT PROPORTIONAL DIRECTIONAL VALVES
Mihai Avram, Constantin Bucsan, Victor Constantin

26 RAPID PROTOTYPING THROUGH SELECTIVE LASER SINTERING FOR MECHATRONIC
COMPONENTS IN INDUSTRY, ACADEMIA AND RESEARCH
Ciobota Nastase-Dan

27 DISPOZITIVE MODERNE PENTRU ACUMULAREA DE SARCINA ELECTRICA S| APLICATII SPECIFICE

Alexandru Vasile, Andrei Drumea, Paul Svasta, Andreea Brodeala, Ciprian lonescu, Cristina Marghescu

28 HYDRAULIC SYSTEMS FOR HEAVY MACHINE TOOLS
Dan PRODAN, Corneliu CRISTESCU

29 MECHATRONICS & INTEGRONICS GALAXY>> - Intelligent Synergetic Vector for the Development of
Industrial Education and Research
Gh. lon Gheorghe; Bratu Vasile, Adriana Cirstoiu

SECTION 3.ENVIRONMENTAL ECOLOGY AND IRRIGATIONS, ENERGY

30 REMOTE MONITORING OF DECENTRALISED WASTEWATER TECHNOLOGY- FOCUS ON SMALL
WASTEWATER TREATMENT PLANTS (SWWTP)
A.Kaiser

31 ADVANCED ALGORITHM FOR OPTIMAL DIMENSIONING OF A SIEVING EQUIPMENT FOR
WASTEWATER WITH A FIXE CYLINDRICAL FINE SCREEN
Victor-Viorel Safta, Georgeta Haraga, Magdalena-Laura Toma

32 RENEWABLE ENERGY RISK MANAGEMENT
Petre Lucian Seiciu, Constantin Opran

33 INSTALATII DE USCARE CONVECTIVA CU INDEPENDENTA ENERGETICA BAZATA PE BIOMASA S|
PANOURI FOTOVOLTAICE
Erol Murad, Aurelian Craciunescu, Georgeta Haraga, Adrian Pantiru

34 CONSIDERATIONS REGARDING THE CLIMATIC CHANGES FROM ROMANIA
Constantin NICOLESCU, Roxana BOJARIU,Gheorghe SOVAIALA

35 CERCETARI PRIVIND EHIPAMENTELE PERFORMAN'[E PENTRU FERTIRIGATIE
Gabriela MATACHE,Stefan ALEXANDRESCU, Gheorhge SOVAIALA, Sava ANGHEL, llie BIOLAN

36 CONSIDERENTE PRIVIND INFLUENTA PRESIUNII DIN PNEU ASUPRA REDUCERII ENERGIEI
NECESARE LA DEPLASAREA VEHICULELOR TERESTRE
Sorin-Stefan Biris, Erol Murad, Edmond Maican

37 ENERGETIC PLANT MECHANICAL PROPERTIES IN RELATION WITH THE PREPARATION PROCESS
(GRINDING AND BRIQUETTING)
Gheorghe Voicu, Georgiana Moiceanu, Paula Voicu

101 - 105

106 - 112

113 - 115

116 - 121

122 - 126

127 - 131

132 -139

140 - 144

145 - 155

156 - 162

163 - 168

169 - 177

178 - 179

180 - 187

188 - 193

194 - 199

200 - 203

204 - 208

209 - 213

214 - 220



HERVEX Noiembrie 2010
38 EFFECTS OF THE THERMAL ISLE ON THE URBAN RIVERFLOW OF DAMBOVITA

Constantin Nicolescu, Gh.Sovaiala, Al.Marinescu, Alexandra Visan 221 - 226

39 THE QUALITY OF WATER FROM DAMBOVITA RIVER AND ITS SUITABILITY FOR IRRIGATIONS
Constantin NICOLESCU, Dan TEODORESCU, Gheorghe SOVAIALA, Liliana DRAGAN,Gabriela MATACHE,

Magdalena NEACSU 227 - 234
40 TRADUCTOR DE DEBIT MASIC PENTRU MATERIALE GRANULARE

Erol Murad, Safta Victor-Viorel, Haraga Georgeta, Catalin Dumitrescu 235 - 237
41 ENERGIE DIN CORZI DE VITA PENTRU IRIGARE IN VITICULTURA

Erol Murad, Edmond Maican, Georgeta Haraga, Mihaela David 238- 246
42 NECESAR ENERGETIC LA DIFERITE TIPURI DE FERME AGRICOLE DIN ROMANIA

Marius Roman, Adriana Gog, Senila Lacrimioara, Mircea Chintoanu, Nicolae Burnete 247- 256
43 OBSERVATIONS ON THE IMPROVEMENT OF THE BLADES FOR SMALL HORIZONTAL WIND TURBINES

Eugen DOBANDA 257- 260

44 HPLC METHOD DEVELOPMENT FOR DETERMINATION OF 15 PRIORITY POLYCYCLIC AROMATIC
HYDROCARBONS (PAHs) IN WATERS
D. Simedru (Rusu), A. Naghiu, M. Miclean, L. Senila, M. Chintoanu, C. Laslo 261- 266

SECTION 4. MODERNIZATION AND NEW PRODUCTS, TECHNOLOGICAL TRANSFER

45 HYDROSTATIC TRANSMISSION WITH MIXED ADJUSTMENT
Teodor Costinel POPESCU, Dragos Daniel ION GUTA 267- 274

46 ADAPTIVE HYDRAULIC TRANSMISSION DESIGNED FOR LOW POWER HORIZONTAL-
AXIS WIND TURBINES

Doru Calarasu, Bogdan Ciobanu, Constantin Chirita 275- 279
47 AUTOMATIC LUBRICATING PLANT
Daia Florian Petre, Trusca Petre, Tiriplica lon, Nemtoiu Simona-Greta 280- 281

48 A FEEDIND, MIXING AND DOSING DEVICE FOR SAWDUST USED AT PELLETS MILLS
Marian TOPOLOGEANU,Stefan VELICU,Radu Catalin TARCA Mirela SOHACIU,Alina MOLAGIC, Tiberiu VESSELENYI 282- 285

49 FORCE PNEUMATIC TRANSDUCERS WITH LOW ENERGY CONSUMPTION IN STOCHASTIC
MEASUREMENT OPERATIONS

Erol Murad, Catalin Dumitrescu, Georgeta Haraga, Liliana Dumitrescu 286- 290
50 TEHNOLOGY AND EQUIPMENTS TO OBTAINETHE INDUSTIAL FUEL FORM COMPACT WASTE
Nita lonel, Visan Alexandra Liana 291- 296

51 EMAF — MODULAR & FLEXIBLE HYDRAULIC EQUIPMENT FOR HYDROPOWER INSTALLATION IN
THREADED FASTENERS
Adrian Constantin Hanganu, Constantin Chirita, Cosmin Grosu 297- 301

52 THE AUTOMATIC TOOL READJUSTMENT FUNCTION IN USED AT HORIZONTAL SPINDLE FMC AND
SOLUTIONS FOR THE IMPLEMENTATION OF THE FUCTION AT THE TMA OP 55 SYSTEMS

Moldovan Ovidiu, TOPOLOGEANU Marian,Tarca Radu Catalin 302- 308
53 ECHIPAMENT TEHNIC DE RECOLTARE A RIZOMILOR DE MISCANTHUS
Eugen MARIN, lon PIRNA, Cristian SORICA, Constantin NICOLESCU 309- 313

54 MODERN MANUFACTURING FROM RESEARCH TO INDUSTRIAL APPLICATIONS BY ELABORATION
OF METHODS, PROCESSES AND NEW MULTIPURPOSE AND FLEXIBLE PROCESSING EQUIPMENTS,
WHICH ARE NEEDED IN THE MANUFACTURING PROCESSES FROM THE MACHINE BUILDING
INDUSTRY
Nicolae Stefan POPESCU,Valeriu AVRAMESCU,Stefan Tudorel CRACIUNOIU,Gheorghe ORASANU,C. H. ORASANU 314- 317

55 ANALIZA COMPARATIVAAACTIONARILOR ELECTROMECANICE SI ELECTROHIDRAULICE
INTILNITE IN COMPONENTA MASINILOR DE DEFORMARE PLASTICA LA RECE
Florin Georgescu, Sandu Lucian 318- 323

56 SOLUTII DE ACTIONARE UTILIZATE IN CONSTRUCTIA MASINILOR DE TIP PIRAMIDAL PENTRU
INDOIT PROFILE
Catalin DUMITRESCU, lonel NiTA, Laurentiu VEBER 324- 331

XI



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

HERVEX Noiembrie 2010

3D ABRASIVE WATERJET CUTTING AND MECHANICAL MACHINING EQUIPMENT

Cristian BIRTU, Valeriu AVRAMESCU, Roxana GREJDANESCU 332 -333
VINDROVER TRACTAT PENTRU RECOLTAT FURAJE

CIUREL Gica, VOICU Emil, ZAICA Ana, Sovaiala Gheorghe 334 - 339
ECHIPAMENTE TEHNOLOGICE PENTRU REALIZAREA DE MATERIALE ECOLOGICE OBTINUTE PRIN

VALORIFICAREA DESEURILOR TEXTILE
Leonard MIHAESCU, Vlad Calin ANDRONESCU 340 - 346

VOLUMIC PUMPS EXPLOITATION FOR THE SAFETY SYSTEMS OF THE WATER DAMS
CASE STUDY: MOTRU WATER DAM
Marius GRECU 347 - 352

THE MECHANICAL-HYDRAULICALLY COMBINED DRIVING GEAR BOX
Constantin Chirita, Adrian Constantin Hanganu, Laurentiu Damian, Daniel Calfa 353 - 358

JOINT MOTION AREA RELATED TO PROSTHESIS COMPONENT POSITION IN TOTAL HIP
ARTHROPLASTY
Adrian PACIOGA 359 - 364

SECTION 5. LOGISTICS INFRASTRUCTURE FOR DEVELOPMENT OF THE FIELD

PROGNOSIS AND DEVELOPMENT TENDENCIES OF HYDRAULICS AND PNEUMATICS IN THE
BEGINNING DECADE OF THE 21°" CENTURY
Henryk Chrostowski, Zygmunt Domagata, Krzysztof Kedzia, Zygmunt Popczyk, Jarostaw Prokopowicz,

Waldemar Sradomski, Adam Miynczak 365 - 384
WATER HYDRAULIC CONTROL - “AQUATRONICS” SYSTEM - APPLICATION PERSPECTIVE

Andrzej SOBCZYK 385 - 396
E-LEARNING FOR COMPANIES

lleana Hamburg, Thorsten Busse, Gabriel Vladut, Camelia Cojocaru 397 - 403
CENTRE FOR RESOURCES GRID-BENCHMARKING FOR ANALYSE, ASSESSMENT AND

DATA PROCESSING FOR IMPROVING THE ORGANISATIONS COMPETITIVENESS IN ORDER TO
ACHIEVE THE HIGH PERFORMANCE/ GRID-BENCHMARK

Diana Mura Badea, Dumitru Vlad, Constantin Petre 404 - 407
COST ACCOUNTING FOR CROSS-ENTER PRICE CUSTOMERERS

Jolanta SZADKOWSKA, Krzysztof WYDRO 408 - 413
CURRENT INNOVATION ISSUES

Mihaela-Georgia Sima 414 - 420
THE DEVELOPMENT OF EDUCATION FOR THE VIABILITY THROUGH THE INOVATION VECTORS :

MECHATRONICS - INTEGRONICS (M&l)
Gh. lon GHEORGHE, P. BECA, Anton VIERU, Octavia CARUNTU, Nicolae ALEXANDRESCU, Cornel MARIN,

Luciana CRISTEA,Victor DUNCA, Serban DIMITRIU 421 -424
ELAN, Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica

Rosemarie FUICA 425 - 428
COMUNICATORII DE STIINTA. NECESITATE SI ROL IN CADRUL ENTITATILOR RETELEI NATIONALE

DE INOVARE $I TRANSFER TEHNOLOGIC

Radu Jecu 429 - 431
TURBINA EOLIANA

N. lonita, C. Dumitrescu 432 - 435
THE EURO-QLIO PROJECT: AN EXAMPLE OF E-LEARNING PLATFORM USED IN ORDER TO IMPROVE

THE EDUCATIONAL PROCESS IN THE FIELDS OF QUALITY, METROLOGY AND LOGISTICS
Despina DUMINICA, Cristian Gabriel ALIONTE, Bogdan POPESCU, Horatiu POP, Gheorghe POPESCU,

Tzvetelin GUEORGUIEV, Anthony BATTISTUTA 436 - 441
CALITATEA CA OBIECTIV AL ACTIVITATII MANAGERIALE

Victor Balasoiu, Eugen Dobanda, llare Bordeasu 442 - 451
HYDRAULIC NEWS - ACTUAL DEVELOPMENTS AT IFAS - AACHEN

H. Murrenhoff, H. Theissen 452 - 493
EXPERIMENTAL PROCEDURE FOR ACTUATION SYSTEMS WITH HIGH AND MEDIUM PRESSURES

lonel NITA , Alexandra Liana VISAN 494 - 501

Xl



HERVEX Noiembrie 2010

MODELLING AND SIMULATION OF THE DRIVING SYSTEM OF THE
CATERPILAR CARRIER

Henryk Chrostowski
Wroctaw University of Technology, Institute of Machines Design and Operation,
The Corporation of Hydraulic and Pneumatic Drives and Controls of The Economic
Chamber of Machine Components and Technology
Zygmunt Domagata, Waldemar Sradomski
Wroctaw University of Technology, Institute of Machines Design and Operation

Summary

The use in surface mining of conveyor caterpillars that convey high-weight structural members over
roads of various types of sub-grades and slopes requires to determine both the properties and the
capacities of the conveyor caterpillar. Due to the missing opportunities to carry out experimental
research, upon analysis of the operation of this system, a series of fairly essential simplifying
assumptions was adopted — considering the initial nature of the research. On this basis, a
mathematical model of the driving system was developed, made up of: a combustion engine, two
hydrostatic gears and engines of a variable specific capacity and a driving mechanism of the
conveyor caterpillar. The results of the preliminary simulation testing and their study are presented.
Abstract

A conveyor caterpillar used in surface mining faces barriers and limitations in cases of driving over
roads laden with significant slopes and different soil types. To overcome these difficulties a
mechanical-electronic driving control process should be present in the system to minimize its
disadvantages. The realization of this idea requires the knowledge of physical phenomena
occurring in such systems. Since there is no possibility to carry out experimental research, a
mathematical model of the driving system and then the simulation model were designed. Based on
this simulation testing, conclusions were drawn, aiming at the improvement of the driving control

system.

1. Introduction higher that the weight of its construction. The
The conveyor caterpillar of a special design is view of the conveyor is shown in Fig. 1. The
dedicated to move, under difficult ground conveyor is provided with two groups of
conditions of a surface mine, the driving hydraulic drives closely related to the functions
stations of band conveyors of a band width up being accomplished. These are the drives
to 2500mm. The driving stations as well as connected with the caterpillar driving
other conveyed constructions are, mechanism and the drives of operating
dimensionally, many times bigger that the movements of the platform on which the driving
construction of conveyors, whereas the load stations and the structural members of
capacity of the conveyor is almost three times conveyors are transported.
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The original source of energy for the hydrostatic drives is the diesel combustion engine that drives,
via the distributor gear, the assemblies of hydraulic pumps.

A T RE i, A T B T i h

. h
-

Fig.1 Drawing of a conveyor

Two hydrostatic engines of a variable
absorptive capacity were used for the driving
system of each caterpillar, mounted on the
planetary gear of the driving wheel. The
hydrostatic drive is made up of a piston pump
of a variable delivery and an alternating
pumping direction as well as two hydraulic
engines of a variable absorptive capacity,
connected in parallel to the power supply line
circuit. A change in the delivery and of the flow
direction of the pump is made via a
proportional valve. The pump is provided with
a constant-power regulator. The hydraulic
engines are provided with maximum-torque
valves.

The hydraulic system of the conveyor
caterpillar drive is a typical hydrostatic gear
that comprises a pump of a variable delivery
and engines of a variable absorptive capacity
(Fig. 2).

The gears in which both the pump setting
parameter £ and the engine setting parameter
€, can be altered are controlled either
sequentially or simultaneously. At the
simultaneous control of € €, of both the units,
the alteration is made at the same time,

14

according to the pre-determined program.
At the sequential control, the variability range
of the pump setting ¢, is used first, the engine

setting parameter €. is used next.

Assuming that the efficiency of the gear
cannot drop below n = 0.8, the sequential
control system of the gear allows to obtain the
widest adjustment range. The obtained span
of the dynamic gear ratio i ;and of the kinematic
gear ratio i, is 6 — 7 as opposed to the control
solely through the alteration of the pump
parameter where the maximum span of the
gearratiosis4.5.

This system allows to obtain 3 speed values of
the caterpillar drive. The control distributor set
in the position as presented in Figure 2
produces that the engines are switched to the
maximum absorptive capacity, thus for the
specific value of the pump setting the speed of
the engines is the lowest at the maximum
torque. The second speed range is obtained
when the control distributor is switched to the
position corresponding to the parallel flow via
the distributor. Then one of the engines is
switched to the minimum absorptive capacity.
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The third speed range is obtained when both the distributors are switched to the position
corresponding to the parallel flow via the distributor, which allows the highest speed of the engines
atthe lowest torque developed by the engines.

T > 4 L 1 -
e T I
W, = i
P L
L
.- |
|Zl.i.|lll'k__" |_-_q|.'p1
TR i
_ | el
o -]
b Q. - V. op
W,
R
LE -

Fig.2 Schematic drawing of the hydraulic system of the driving system

Taking into account the dimensions of the conveyor, its fitness for use in brown coal mines, the
knowledge of the dynamic phenomena accompanying the movement of the machines with the load
is necessary. On the basis of the results obtained it is possible to impove the algorithms of the
conveyor operation control, the more so as the pheonemen of the limited power of the assembly:
combustion engine — hydraulic pumps appears. In oder to obtain the intended result, the
experimental research should be conducted. The high cost of the experimental research and the
technical difficulties to conduct it resulted in the rise in the interest in analytical methods. This paper
presents the analytical method to determine the load value of the caterpillar drive basing on a

discrete mathematical model.
15
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2. Mathematical model of the hydraulic driving system of the conveyor

2.1. Simplifying assumptions

The mathematical model was created basing on the simplifying assumptions that represent
the actual object with required accuracy. For the hydraulic driving system the following simplifying
assumptions were adopted:

the pressure in the system is always higher than atmospheric pressure;

it was adopetd that the density, viscosity and modulus of elasticity of liquid do not change during
the operation of the system;

itwas adopted that there is no dry friction between the movable surfaces;

it was adopted that there is no cavitation in the system;

the distortions of the hydraulic pipes and elements were omitted;

the impact of the limited speed of the propagation of disorders in the system was omitted;

the efficiency of the drive transmission between he combustion engine and the pumpis 100%;

the pressure in the drain line has a constant value p, =const.;

due to the preliminary and diagnostic nature of the research work constant efficiency values
were adopted;

the movable masses of the conveyor and of the load were reduced to the drive wheel axle.

2.2  Mathematical equations to describe the model adopted

§ Equation oftorques: combustion engine - pump
On the basis of the results obtained, the Cummis combustion engine is characterized by the
following torque presented in Fig. 3. The engine torque within the speed range n = 700 — 2100 is
illustrated by the equation:

M, =610 7 n = 000490 +7 76840 - 2154 ) (1)

where: ¢ — proportional coefficient decreasing the amount of the fuel fed to the injection pump.

Wykres momentu silnika Cummis
1800 -
1600 N,
1400 # \\
E 1200 ’ <
=
= 1000
@ 800
E -"'WJL}I'HI'EE
£00 -
= " y = BE-07x®- 0,004x7 + 7,768x - 2154, momentu
4ud R*=10,860
200
] - 1 Fig. 3 Graph of the
Q 1000 2000 3000 combustion engine
Obroty silnika (obr/min) torque
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The dispositional torque at the outlet from the
pump is determined with the following
relationship.

Iy e, Ap, ., [Nm]
" Wr T

(2)

where:

- £ - setting of the pump delivery

- g, — specific output of the pump, cm®/revolution
- N.._volumetric efficiency of the pump

- Ap,—pressure differential, [MPa]

§ Equations of the torques of a
hydrostatic rotary engine

The equation of torques adopts the following
form:

M=M,+ f i—o: +M, M, )/i 3)
where:
- M, —torque at the outlet from the
rotary engine
- M, —torque resulting from the
resistances of the caterpillar
movement
- 7 do moment of inertia of movable
eler;nents
- M, —torque resulting from the wind
pressure
- M, - torque of the caterpillar turning
resistance

Noiembrie 2010

Driving is the typical state of the driving system
of the conveyor. In order to reveal all the forces
acting on that system, two fragments related to
the caterpillar driving wheel and the caterpillar
tightening wheel should be separated out of it.
During the driving, the active driving force
resulting from the operation of the driving
system is counterbalanced by the resistances
of the movement and the constituents of the
force of gravity. If, in addition, the conveyor
moves over a sloped ground, then the value of
the necessary torque on the mechanism of
one caterpillar, reduced to the driving wheel
axle, is:
M, =l|rﬁngsin o+ R }{i + M, d——‘ (4)
2 2 d,
The force of the movement resistance R, is
calculated as a product of the force of gravity
of the conveyor and of the coefficient f of the
movement resistance.

R, = mgf cosy (5)
Itis assumed that M, adopts the value of 10%
M, (on the grounds provided by A. Dudczak).

Slovrmend dlbieot i

- i —ratio of the planetary gear

Fig. 4. Forces acting on the caterpillar during the driving

17



HERVEX

Caterpillar turning
During a change in the longitudinal plane of
the caterpillar rolling, e.g.: when driving over a
curvilinear path or during a turn on the spot,
friction resistances appear at the contact place
of the caterpillar with the ground, and on the
soft ground, shearing resistances and lateral
ground push-off resistances appear as well .
These resistances are dependent on the
momentary revolution radius, that is the
caterpillar turning radius.

In the calculation of the total turning
resistance two basic constituents are
discriminated: M, — moment of the caterpillar
friction against ground and M, — shearing
moment or crushing moment of the ground
with the side edges of the caterpillar, that is
M, =M, +M, (6)
§ Equations of flow
- pump — tee, in front of hydraulic rotary
engines

(7)

where:
- Q,,—pump deliverydtdpBVpx0

%fT flow produced by the liquid
compressibility
-V, — volume of the pipes between the pump
andthetee
- B — modulus of cubical elasticity of
liquid
- Q,, — amount of liquid flowing out via the
overflow valve1.ppGpp-
- G, xﬂ amount of liquid flowing to the
rotary engines

18
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- Equations of flow: tee — hydraulic rotary
engines

G.ﬂ"\.l LI =0 U

where:
- Q,,- amount ofliquid flowing to engine No. 1
- Q- amount of liquid flowing to engine No.

2dtdpBV11x
i "'rﬂl

[ dp [ dp

ot

(8)

flow produced by the liquid
compre‘és,lblllty in the pipe bringing the liquid
upto er{}glne No. 1dtdpBV12x

- =~.— flow produced by the liquid
compregs,lblllty in the pipe bringing the liquid
up toengine No. 2.

The absorptive capacity of the rotary engines
is described with the following relationships:

oL BRLE (9)
L) P

0, - T T RT (10)
L P

where:

-n,, - sped ofthe hydraulic engine

- q.,, 9., — Specific absorptive capacities of the

engines

- €, £,— setting parameters of the engines

- Nwer N — VOlumetric efficiencies of the

engines

The speeds of the engines are, respectively:

,,ﬂ:E_J_‘-?w. Mo (11)
=-'.1 'r-'r.i

n, &5 D, Mo (12)
8?2 qs
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3. SIMULATION MODEL

To model the equations, the computer software of The MathWorks company was used,
bearing the name MATLAB, with the Simulink software package. The Simulink software is an
interactive software package used to model, simulate and perform the dynamic analysis of
continuous, discrete and mixed systems. The mathematical models are constructed in form of
block diagrams, which provides a clear system of the model. An additional advantage of the
Simulink software package is arich set of libraries with mathematic operations, facilitating the work
with the model. An essential advantage is the option of presenting the graphs of several
relationships in one window, this allows to watch several parameters of the model at one time.

The use of the computer software allows to quickly resolve the differential equations using
numerical methods. This significantly shortens the time to resolve the problem and allows to make
alterations in order to optimize the model.

The Simulink software package makes available a dozen or so methods of numerical
integration.

4. Results of preliminary simulation testing
Figs. 5-8 present some exemplary results of the simulation testing.

'J* R AN AAAIAR AT AN AL
(
| 1

[ Fig.5. Graph of the speed of the conveyor over a

|
I

VIiE)

flat ground, laden with a torque Mn=242100Nm

cras (a) 3 1
257
2

1.5

05
Fig. 6. Graph of the speed of the conveyor
(m/min) up-hill of a slope of 11°, laden with

the maximum torque Mn =2128600Nm 0.5 !
1] 20 40 Gl a0 100 120
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Rys. 7. Runs of the pressures p, and p, (Pa) for the conveyor driving up-hill
5. Final conclusions

Onthe basis of the preliminary simulation testing the following conclusions may be drawn:

1) The testing demonstrated that the conveyor can move with two speeds only.

2) When driving up-hill (11° max.), the conveyor can move with one minimum speed only.

3) The fundamental obstacle in obtaining the assumed parameters of the conveyor movement is
the wrongly selected combustion engine that has too low a driving torque within the high speed
ranges. It seems that the work should be continued, in particular within the scope of the hydrostatic
gear control. In the present situation, the pump efficiency is used at 60% only. Therefore a new
control algorithm for the gear under discussion should be suggested in order to partially eliminate
the imperfection of the drive.
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MATHEMATICAL MODELS FOR LOOPED PIPES NETWORKS IN STATIONARY
AND TRANSIENTS REGIMES

M. Barglazan, T. Milog
,Politehnica” University of Timigoara, Mechanical Engineering Faculty,

Hydraulic Machinery Department

Abstract:

This paper proposes for the calculus of loop pipes two procedures able to solve the problems connected with
their design and operation indifferent of the complexity of the hydraulic system or network. In transient regimes it is
used the method of characteristics and in stationary regimes the Hardy Cross method. Both methods are
programmable by electronic computer languages. The work offers numerical data obtained through application of
the abovementioned methods on particular hydraulic networks.

1.INTRODUCTION

Hydraulic systems are generally
composed from hydraulic networks and
hydraulic machines. Hydraulic networks
consists of : pipes, valves, vessels and basins
( reservoirs ) connected between through
branches, loops or a combination among
them. Hydraulic machines may be
generators (pumps) or motors
(turbines ). The working fluid is usually water
but may be also other liquids like oil, liquid
metal and sometimes air with definite
conditions.

The operation researches of hydraulic
networks, included in a hydraulic system, are
possible through different methods in
stationary regimes and in non-stationary and
transients regimes.

In stationary regimes to obtain a valid
solution for the design and operation of
branched hydraulic pipes it is used the
Bernoulli equation (energy transfer equation ),
the continuity equation and hydraulic losses
formula. For hydraulic loops in a stationary
regime it is used through electro-
hydrodynamic analogy Kirchhoff's laws and
Hardy Cross method.

In non - stationary regimes for branched
hydraulic networks it is proved that the
characteristic method is useful. At last the
most complex case is to describe in non-
stationary regimes looped hydraulic networks.
In this situation it is used a combination
between the characteristic method and Hardy
Cross method.

21

Finally the established methods will be
applied to a hydraulic pumping system
provided with a multi loop hydraulic network
which extract the liquid ( water ) from a basin
and discharged it in an other reservoir. The
system's rate of flow is controlled through a
valve. The transient regime considered is the
start of the feeding pump of the system.
Therefore an exploitation problem of known
hydraulic system is considered. For it will be
established the variation of the pumping head
and pressure in various points ( cross
sections) of the system together with the flow
rate and mean velocity in every section of the
network's pipes.

2. MATHEMATICAL MODELS

The method of characteristic applied to

a pipe operating in transient regime needs to
be divided into N reaches and than used the
continuity and motion equations established
for one dimensional stream in non-stationary
regime. In principle the solution of a system of
partial differential equations with distributed
parameters may be transformed by the
method of characteristics into particular total
differential equations.
These latter equations may then be integrated
to yield finite difference equations which are
conveniently handled numerically along
privileged “characteristic” directions in space
andtime.

The Hardy Cross method utilizes an
iterative rapid convergent method to correct
the flow rates on every loop of the hydraulic
network.
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Actuallyitis used a numerical method to
solve a second degree polynomial equation
( sometimes it may be used the power 1,85
instead 2) through the tangent method.

A plane loop hydraulic networks an
ensemble of pipes under pressure consisting
of “n” nodes or joints and “m” branches or
pipes, disposed so that in every node to
converge at least two branches, two certain
nodes to be connected through a pipe and the
branches to not be connected in points which
are not nodes. The nodes and reaches of a
looped network formed in plane “b” loops
which are the frontiers of “b” finite domains.
Every time there exists the relation

b=m+n+1.

If there are noted with “a” the pipes number
which are convergent in N, and \ M; — the
hydraulic modulus introduced by :

+

. 2
.IIIJ'I“ =4 'F'Tfr:j'j!.] ‘L.lr-

ofthe pipe "j" in node "i"
Q, — the flow rate of the pipe which connects
the points "i" and "j"

Q, — the feeding ( supplying) or consumption
from outside of the loop rates of flow and
¢
o4
The continuity equation takes the shape:

‘_‘Z‘(J_rg}. )0, =0

in which the income rates of flow in N, are
considered positive and the outcome from N,
are negative.

The calculus of plane loop hydraulic networks
is made In the following steps:

- In the case of a design problem, it is adopted
on every pipe a stream direction so that the
remote consumers to be supplied on the
shortestroute ;

- After that it is choose the initial guess of the
pipes rates of flow !J:?’} so that to the
consumers to be assured the required rates
of flow and in the network nodes to be
satisfied the continuity equation ; with the
initial rates of flow it is choose the diameters
of the pipes Dij — based on the technical -
economic table :

By =
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for example D=0,1 m Q=5,4 I/s; D=0,5 m
Q=0,2 m3/s; D=1 m Q=1 m3/s. With these
diameters it are determined the real rates of
flow in the pipes with the Hardy Cross
method which will be described further.

- In the case of a exploitation problem
namely when it are known the pipes diameters
and consumers needs, Q, (1), it are choose the
initial rates of flow {}the stream
direction in every loop's branch and is
calculated the real rates of flow in all the
reaches through Hardy Cross method.

The Hardy Cross method is applied
after establishing in all hydraulic network the
flow direction, the initial rates of flow and the
pipes diameters.

The calculus continue with the following
operations :

- of all hydraulic network loops it is adopted

a positive traversing direction ( par example

clockwise direction )
- on every pipe it is calculated Mij with a
major hydraulic losses coefficient ;; (usually
for rough turbulence)

- for every loop "k" there are defined the

hydraulic losses corresponding to the iteration

llpll.
- for every loop there are calculated the
correction rates of flow corresponding to the

iteration :

X T}

b &

ﬂ.Q}.- = Esz_” IQ]?J—l}l
A_

- the corrected initial or precedent rates of flow :

(1 — Qlj-miﬁ!f}i”

A

In relation (3) it is introduced + or — in
respect of the flow direction in the pipe “ij”, if itis
the same or against the positive direction
adopted for the loop.

With the new rates of flow it are
calculated the new hydraulic losses and are
introduced together with new rates of flow in
relation (2).

The iterative process is stopped if it is fulfilled
a chose quality criteria like |hpm | <0,5m

The exact solution corresponds for }1Fjrk =0
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Usually the process is rapid convergent
especially if the initial rates of flows was
elected judiciously.

3. APPLICCATION ON A TYPICAL
NETWORK

- It is considered the hydraulic
network from Figure 1

- How it can be observed this
hydraulic pumping system contains hydraulic
network loops of pipes the feeding pump,
suction basin, the discharge reservoir and the
consumer. The research is focused on the
pumps start from rest and provided with a
valve in point 9. It is known in different
moments ( through rates of flow in time ) the
corresponding consumers rates of flow in the
point 6. It is determined the celerity of every
pipe reach. Also for every pipe it is known the
hydraulic modulus or the unitary hydraulic
losses ( the losses for unit rate of flow) and the
conductance. Itis accepted the pump equation
namely the pumping head in function of rate of
flow for parametric angular velocities of the
impeller.

- It is introduced a coding system
with purpose of generalization of this
application to any geometry of the hydraulic
network of pipes. So with the sign “+” and “-“in
four combinations, it are defined :

- ++ usual node;

- + - outlet in the reservoir with
the given Q(t);

- -+ reservoir

outlet with a valve with a known
rate of flow coefficient.
HONY

Figure 1. Typical
scheme of the

network

i D

il fé 1u&
A5 Legend

_EE].'E [(=nedn numbar
E Cpipe nambar
P—pumg
Bbasn
R=rasgrair
W=vnbm

o8 |
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The flow is considered positive if it
enters in a node and negative if it goes out
fromanode.

Indexing through coding the network
with a line matrix which contains successive,
indifferent of the order, for every pipe the
following : £ the junction number, t the
numbers of pipes which converge in a node, +
the pipe number, the number of the pipe
section at the node, repeating this ensemble
for every node of the network. “0” means the
end of the line matrix ( the list).

Based on these assumptions it is
erected a program in FORTRAN IV language.

The initial dataintroduced are :

Mij = 5; 4; 40; 40; 40; 200; 25; 300; 50;
50 <s2/m5>

Bij = 250; 270; 420; 420; 420; 1000;
500; 1000; 500; 500 <s/m2>

Qoutput=0;0;40;0;10;0,2 <m3/s>

CDG =44, {2-£=0;0;2;0; 10; 0,06
<mb5/2/s>

Outlet points level: z(6) = 20 <m>

Piezometrichead: H1 =0<m>; H5=40
<m>;HR=40<m>

Pump nominal rate of flow QR = 0,6
<m3/s>

Startup duration Ts =2 <s>

Pump equation

Ry lif‘-

x
g Jn

H,=Hy -{1.:3‘{1:—“,|-[1
g

o =£+ 0.5
2

Time step AT = 0,5 =<s>

The program “Non-stationary hydraulic network
loops” was computed and there was obtained the following
results

- !

———— =t ¥

Figure 2. Piezometric head variation, in point 2,
during transient pump startup process
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Figure 3. Piezoetric head variation, in point 3,
during transient pump startup process

Figure 6. Rate of flow variation in the points 3,
10 and 17 during hydraulic system's pump
startup

Figure 4. Piezometric head variation, in point 3,
during transient pump startup process

Figure 7. Rate of flow variation in the points 15 and
18 during hydraulic system's pump startup

Figure 5. Piezometric head before and after the
pump P, respectively in points 8 and 9.

Figure 8. Rate of flow variation in the point 16
during hydraulic system's pump startup

In stationary regime particularizing the formula
(1),(2) and (3)itis obtained:
for p=2

1Q7 1
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The hydraulic system on which are applied the formula is the same. In Fig.9 are given the

specific geometric and hydraulic details.
Iterative calculus for every loop are summarized in the following tables :

initial estimate rates of flow.

Noiembrie 2010

f&n
o6 (F ca3 f_r‘%
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Figure 9. The same hydraulic system with specified pipe
reaches , the pipes diameter, the length of the pipes and the

ITERATION 1 LOOPI
[Nx. L D F Q hpl hp hp/Q)
=me | <me | <m2= =ms= € .= <m= <5/m2=
3 1840 | Q6 | 02826 02 00212733 39,142872 19571436
4 1840 | 06 | 02826 02 00212733 39,142872 195,71436
5 1235 04 | 01256 -0,08 -0,161544% | -199,50795 | 2453, 84593
5 1840 | 06 | 02826 -037 -00212733 | -39,142872 105,79154
-160,36508  299] 0695
AQ =- 00262061 <nc /s
ITERATION 1| LOGP II
N L D A Q hpl hp hplQ
T < =m= < md= =mifs= g.= < sl
S 1235 0.4 0,1256 008 0,161 5449 193 50795 24938453
7| 1260 0,6 | 0,826 | 028 00212733 26 504358 95,72985
8 1750 0.4 0,1255 0o7 -0,161 5445 -282 70357 40086224
- 56,0163 6628,2015

40 =+ 0,00421944625 <m3 /(5=

25




HERVEX

Noiembrie 2010

ITERATION 1 LOOP II
Nr. | L D A Q hpl hp i)
<me =1 <ma= <mAs= £-» = 1 <simide
B 1750 04 0,1258 007 01815449 28270657 4038 5224
10 1260 06 0,2226 002 -0,0212733 -26,804358 13402179
9 1 260 06 0,2826 0,22 -0,0212733 -26, 804358 121,83799
22009486 S5005782
AQ=-0028M2P¥ =nt /s>
ITERATION 2 LOOP I
Hr. L D A Q hpl hp hpiQ)
=m> < ni= < s < mifs> £.» “m= = gfrds
3 | 1840 | 06 | 0.2 0,2268 0021273 | %,142872 | 17258761
4 1840 0,6 0,2826 0,268 00212733 ¥3,142872 17258761
(3] 1355 0.4 01256 00532+ 01615449 199 50°795 5131837
00843932
=0,05119343
5 1840 0.6 0,2826 -0,3452 00212733 -39, 1425872 114 05265
238,63082 €6172,1627

AQ=-001935328 <« m3 /s »

4. CONCLUSIONS

1) The article put in evidence the modeling
possibilities, in one-dimensional
approximation, of the hydraulic regime from
hydraulic systems consisting from loop pipe
networks.

2) The mathematical model used for
describing the hydraulic network operation in
transient regimes is based on an extension of
the method of characteristics after a before
mentioned definition of local-global
topological structure of the network.

3) The mathematical calculus of the network in
stationary regimes uses an electro-
hydrodynamic analogy from Kirchhoff to
Hardy Cross. The process is iterative, and
rapid convergent a little bit more complicated
like in electricity because of the nonlinear
character of hydraulic losses.

4) The particularization for numerical calculus
in transient regimes provides interesting
excursions of the parameters : rates of flow
and piezometric head in respect of the
position in the network and the moment of time
considered during the transient regime.

26

5) The results of the application of the Hardy
Cross method for the looped network
demonstrate the efficiency, precision and
convergence of the method and the theoretical
foundation of the method through an
approximation explained graphic-analytical.
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MECANISMUL PILOTARII SUPAPELOR
Mat.ing. Gabriel Radulescu, Dr.ing. Gheorghe Sovaiala, Drd.ing. Radu Radoi,
Ing. Niculaie Mihai - INOE 2000 - IHP, BUCURESTI - ROMANIA

Spre deosebire de supapele comandate direct
care la cresterea presiunii de intrare raspund
cu o deschidere progresiva (in rampa),
supapele pilotate la depasirea presiunii
reglate produc o deschidere totala (in treapta)

1 Modelul constructiv
redatde Fig. 1

adoptat este

ROBINET -

S “L‘ ©
-

()

Ay

i SUPAFA,

‘ﬁ' Fig.1
Notatii:

i: intrarea in supapa conectata in derivatie cu
circuitul de inalta presiune;

e: iesirea din supapa si corectarea cu joasa
presiune;

Y: circuitul de pilotare;

x: deplasarea pilotului;

y: deplasarea supapei.
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Componenta este evidentiata de figura 1

- Supapa pilotata intr-un corp se
poate deplasa z contra unui arc nereglabil,
izoleaza circuitul / si e in stare inchisa si
permite comunicarea circuitului i cu Y printr-o
duza;

- Pilotul asezat pe un scaun, se poate
deplasa x contra unui arc reglabil si inchide
etans comunicarea Y cu e in regim de
nefunctionare

2 Starile functionale ale supapei

- Supapainchisa

cand p, < p..., P..mn - Presiunea de regim a
circuitului

Supapa ramane inchisa cu o forta de inchidere
egala cu prestrangerea arcului, fortele de
presiune fiind in echilibru ca presiuni egale pe

sectiuniegale.

Pilotul nu permite comunicarea intre circuitele
Y si e deoarece forta de presiune pe pilot
ramane mai mica ca forta de prestrangere a
arcului 4, - p, <c.-(H, - H,

- Supapa pilotata intern

Momentul cand p, > p,,, care are ca,
consecinta 4, - p. = ¢, - (44, —H:] pilotul
permite comunicarea i — y — e si debitul Q,
care curge prin pilot implicit prin duza cand
produce o cadere de presiune . - p. = k.7 } 2
care deplaseaza cu z supapa contra arc,
permitand comunicarea directa i — e doarece

A = pA

-Supapa_pilotata externDaca in derivatia
pilotului exista un circuitY, care printr-un organ
de inchidere poate stabili comunicarea Y, — e
succesiunea de faza de la pilotarea interna se
produce avand ca, consecinta deplasarea z a
supapei iar pilotul ramane inchis, presiunea de
deschidere fiind in p,.,,<pP;< Prom-
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Cu alte cuvinte deschiderea supapei se
produce la o comanda externala orice p<p,,..
3 Descriere constructiv functionala

a) Modelulfizic al pilotului este redat de Fig 2

80°
o %
|_-F.l_.:
!
i
di
A
1 Q:(p,)
Fig 2

- Relatjile de legatura intre parametrii pilotului

[4]

p,—p, =E, (ﬁ)lﬂ{?J

caderea de presiune
in pilot;

_ 1887 -kQ, caderea de presiune prin
¥ *m” duza, in care:

2. ()= 9‘15_4Lfik }+u 15[ ”:“]

coeficientul de pierdere locala prin pilot
S, (+)~ (e sinds-tk )k — G sin® 45 )
sectiunea de trecere prin pilot cand acesta
este deschis cudeplasarea . x"k=35...10,seiak
= 6 raportul lungime —diametrul duzei, cu
B A_¢@, —p.,:_] (c, constanta elastica a
- x arcului pilotului).

b) Modelulfizic al supapei este redat de Fig 3
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Relatiile de legatura intre parametrii supapei:

) J_ Irgj.r 1
B - p. =<;;_(,2')5D{—‘1

i I.qr.ll- /]

caderea de presiune
in supapa, in care:

=055+ﬂ,1f{ﬁj
_ b

. - L
S, = sina(d, +zcosesing |

coeficientul de pierdere
prin supapa,;

sectiunea de trecere prin supapa cand
aceasta este deschisa cu deplasarea ,.z”

. A (p pr} constanta elastica a arcului
L = supapei

4 Evaluari cantitative asupra parametrilor
constructivi si functionali

Parametrii anticipati trebuie alesi astfel ca c,
safie egal

a)Se anticipeaza urmatoarele dimensiuni si
parametrii

- Deschiderea nominala a supapei d, = 20 mm
valoare care reprezinta media valorilor in
seria de supape de uz general cuprinsa intre

10si 32 mm;

- Diametrul duzei d, = 0,5 mm valoare ce
reprezinta minimul domeniului de valori

15??.,. = ﬂl4ﬂ,ﬁmm

- Caderea de presiune care produce
deschiderea supapei se admit

Ap, = p.— p. = Shar

-d, = 1 mm diametrul de inchidere al pilotului;

- Vascozitatea, respectiv densitatea mediului
fluid sunt:

Ke - K
i :n,,ﬂ342( 8 1. p 5522
mes ) m
. =t

b) Evaluari numerice au ca scop evidentierea
ordinelor de marime al principalelor parametrii
constructivi:

b1) Pilotul:

- Debitul ce trece prin duza supapei:

nd'ap  w-0.5-107)-5-10°
1287k 128-0,0342 6

0, =

= 7.47-10° m ]|44;i-:‘*'“]
Tmin
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- Coeficientul de pierderi de sarcina prin pilot:

~ 05— 4(&%1”&_ |

h

I._ﬁi

in care x ~ 10° m (x ~ 0,02 mm) iar d, ~ 10°
m, se observa ca:

X BPLCASPRTER

e 10

:J|1"3[d’Lrl ~ 13 & ~10r"10* ~ 1P deci:
x 10 E

incared, ~10° (m)
in final:

£ {x)= ::r,15+u*15( ﬁ]

ok
(o1t
z (x)= UJSLH—T-]
X

* Sectiunea de trecere prin pilot

d, =110"m 4 =7810 “m*

§ ()= (ud, sindshe+ G sin® 45 ) = 222107 - 11152

- Inlocuind in expresia caderii de presiune D, —

p.rezulta ecuatiainx:

. T — k]
E)-al)_2p-p) 210016 0L

SHe) o ptE xss.(rara0) it
Ecuatia:

E(x)=42-10" este verificatd de x ~ 10° m

Coeficientul elastic al arcului pilotului pentru

Ap =107 ﬁ (L0 0P

HI 5
A-Ap 107 Kg daN
=t ~1L}5 —= [=]10
© X ID'S [52 J | i ,J
b2) Supapa

- Constructord,=1,15d,,=1,15-20=23 mm
Daca supapa este deschisa la nominalul
sectiunii sidacé a =45"
3 -||a;{: +d_.i' cosa —d,

sin 2

237 £20% cosds
5in2- 45

[

=54

Si
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4 =4, = %= 3ldem? - 6.14-10 *m*

=05+015=0,65

:, =[}5+D,15|j—

Plerderea de sarcina prin supapa admisa
p;, —p, = 2bar
rezulta debitul maxim prin supapa:

2

R -
= K42 K 4 .
Y &’“an,

=3,04-1k =

A = nd, _E23 =4 15¢m*
' 4 4
iar p,—p, = 2 bar
Iy
. = Alp—p)_415-2 _ |53dad (| 53daN
z 0,54 om mm

In concluzie, din evaluari ordinele de marime la
presiunea de functionare 700 bar sunt redate
inFig4:

Figd
Chim ensiunes LT Filot | Supepa
[l eschiders nominala mm 10° 10°
C onstanta arcuiw dall fmm 10 10*
D eplasares funchonala mm x~107 z~10°
Dizd mm . 10
D ebite velcul ate dm’*/min 1o 10’
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Abstract

The paper presents a new method for the analysis of the number of harmonics that
must be considered in order to respect the European standards. One intends to verify if
the limitations are correct for a series of real cases. Some characteristic features of the
data acquisition system along with the most important principles of numerical analysis
are provided. The initial signals are sampled in agreement to their particularities.
Numerical interpolation is used in order to provide a higher accuracy. The presented
solution removes the limits imposed by the industrial power analyzers with respect to
the evaluation of powers flow over harmonics and to some global quality parameters
computation. The analysis was made at some power sources terminals. The analysis
accuracy was verified through signals re-composition.

|. INTRODUCTION

The specialty literature and the existing
standards imposed both by E.U. member
states and by IEEE organization restrict the
number of harmonic components from the
distorted waves decomposition, limiting the
number of harmonics to the first 40 or 50
harmonics.

For this aim dedicated soft products were
designed. They use the FFT transform or
other decomposition methods but do not
mention if the number of harmonic
components is equal to 40, to 50 or if it is
higher. In any of the cases only the first 40 (50)
components are considered [14], [16], [17],
[18].

Because the Fourier series practically have
an infinite number of terms, one must
determine an optimum with respect to the
number of harmonics that must be
considered. Also one must make a
compromise between the modern computer
time-response and the driving time of certain
types of modern compensators for distorting
consumers in dynamic or static regimes [5],

[6], [7].

Major consequences can occur in what is
concerning the electromagnetic compatibility
of various equipment influenced by the
proximity of others [1], [3], [8].
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The non-sinusoidal periodic stable states are
generated by: the equipment supplying with
non-sinusoidal periodic sources; the existence
of some distorting consumers; the loosing of
equilibrium of phase impedances at
consumers from three-phase systems, a. o.
[2], [4], [9].

All these causes lead to unpleasant effects
over other consumers and over the
transmission lines due to their own
technological losses produced by the currents
flowing through them.

In the same context one must consider the
harmonic analysis techniques with or without
the presence of certain types of compensators
for distorting regimes [13], [18], [20] or the
powers circulation within an electric network
considering it as a whole and respectively for
individual harmonics [19]

Figure 1. Modular portable data acquisition system
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Il. TECHNICAL FEATURES OF DATA
ACQUISITION SYSTEM AND DEDICATED
SOFTWARE

A. General Description of Equipment

In order to determine some of the electric
energy quality parameters and also to achieve
a complex equipment that must be able to
determine some other quantities and to detect
unpleasant phenomena, a modular portable
system was conceived (Fig. 1).

The main functions provided by it are:

The determination of electric energy
quality parameters that should consequently
result in measures for the improving of
qualitative and quantitative efficiency of
energetic consumptions.

Events recording, in order to detect the
faults' causes and the repeated connection
and disconnection of electriclines.

The equipment modular design makes
possible the realization of a family of fixed and
portable systems for tests and data
acquisitions.

B. Functions of Equipment

The equipment family provides the following

functions:

@ Test and acquisition of analogue data

(voltages, currents and powers) and

respectively of numeric data (switching

apparatus state) for nodes of the power

system where the distorting regimes occur.

@ The numeric processing of data, in order to

determine the power parameters, the

performance indices concerning the electric

energy quality.

@ The recording, evaluation, managing and

displaying along periods of the consumptions

and events concerning the deviations from the

quality of the used electric energy.

@ The permanent monitoring of the power

systems parameters.

g 9 Faults detection and localization.

@ Signalization when some quality indices

standardized values are exceeded.

A series of facilities are provided, as follows:
The determination of data for voltages and

currents corresponding to phases and null

wire.
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The apparatus input voltages are supplied
either by some voltage transformers from
secondary windings with a rated value of 100
V ac, or by sensitive instant values
transducers. The apparatus input currents
supplied either by some current transformers
from secondary windings with a rated value of
1Aac, or by instant values transducers.

Consumptions evaluation.

Displaying of the time variations of
currents, voltages etc. and of the states of the
switches from the distribution utilities.

Real time clock, non-volatiie memory,
graphical display of extended sizes 75 x 140
mm.

Analysis and determination in the three-
phase network of the following parameters:

- Phases and neutralimpedances.

- Positive, negative and zero
components of the unbalanced systems of
voltages/currents.

- Determination of the survived
element's operation regime (load, idle,
voltage lack, fault, a.o.).

C. Technical Features

The equipment presents the following
characteristics:
@ Number of monitored and evaluated
lines: 3 (for the test variant with 3
voltages and 2 currents) ; 2 (for the test

variant with 3 voltages and 3 currents) ;
@ Tests accuracy:

§ Ul 0,5%
§ Frequency...0,05%
§ Active/reactive power: according

class 2 IEC1268

§ Total Harmonic Distortion (THD) for
voltages and currents... 2%

@ Storage capacity: 256 KB ... 8 MB
(depending on variant)

@ Period of recording: 3 sec - 12 min,
equivalent of maximum 240 events, each
of 3 seconds; the records are non volatile.
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D. Software Packages

The estimated and recorded data are
processed by means of a soft package that
allows:

U The harmonic analysis of measured
quantities (voltages and currents) up to
the 18-th harmonic.

U Evaluation of analogue quantities,
separately for each phase (RMS
values, initial phases of currents and
voltages harmonics, spectral analysis)
based on the decomposition up to the
18-th harmonic.

U Computation of electric power quality
indices based on a unitary theory.

U Displaying, on request, of some electric
parameters: active reactive and
distorting powers, power factor,
currents, voltages, frequency.

U Displaying on request of superior
harmonics weights for voltages and / or
currents.

U Detection of normal fast variations and
of accidental unbalances from the
three-phase systems of voltages and
currents.

U Monthly recording, evaluation and
displaying of the events corresponding
to electric power quality deviations.

Prescription of limit values both for the
quantities estimated in the system and
respectively for the estimated quantities;
when the respective values are reached,
sound and optic alarms are generated.

The initial software package (“PDMWin”) is
integrated to the data acquisition system from
fig.1, making possible the real time processing
and a preliminary analysis that also includes
the evaluation of some quality parameters for
the voltage and current waveforms. The
system and its corresponding software
package make possible the realization of
analysis up to the 18-th harmonic. The use of
18 harmonics resulted in unexpected greater
errors. When a number of 12 harmonics is
used, the erroris lower than 2.5%.

For the detailed analysis of the waveforms
and in order to be able to perform a complete
analysis from the powers point of view, the
data recorded with the presented data
acquisition system were transferred through a
serial interface to a desktop or laptop.
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. On the target computer other numerical
processing are to be done. For this aim we
realized a software package dedicated to
applications in three-phase systems, using
MATLAB. It uses the fast Fourier transform
(FFT). In order to make an evaluation as
accurate as possible of the distorting operating
regime at the level of power sources or at the
level of consumers from the three-phase
system, the software package was provided
with a series of tools. They make possible the
realization of some polynomial interpolation or
the employing of spline functions in order to
extend the applications range toward the
industrial domain and to increase the number
of harmonics used for the harmonic
decomposition. Basically the program allows
experimental determinations and numerical
processing for any standard that must be
implemented (national, European, US etc.).
The software package relies on the existing
national and European standards and takes
into account the correlations between both
standards. The considered standards are: PE
143/94 (Romanian Standard), |IEC 60664
(European Standard), ANSI-IEEE 519, CEI
1000-2-4, IEEE 1459-2000.

Any modification of the used standard that
affect the total number of harmonics
considered during the analysis can be very
easily implemented through the realized
interface and the designed algorithms.

The results generated using the software
packages realized for the numerical
processing concerning the quality factors of
the waveforms are in a good agreement with
the number of harmonics and with their initial
magnitudes and phases. Also, in order to
determine the powers for the distorting
regimes that occur in the three-phase
networks one can implement various theories:
Budeanu's theory, Akagi's theory of
instantaneous (re)active powers a.o. [10],
[13],[11],[15].

[ll. 1S IT NECESSARILY TO DETERMINE
THE NUMBER OF HARMONICS FROM THE
FOURIER SERIES ?

One performed the analysis of some
distorted waveforms recorded for some
electric power sources and distorting
consumers of type.
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For this aim an original algorithm was
designed in order to perform a decomposition
of voltages and currents. It was implemented
using MATLAB. For consequent interpolations
this number can be increased. This thing was
performed using interpolation polynomials in
the cases when the waveforms presented
short-lasting, non-periodical variations. The
extension for the FFT-based analysis
concerning the harmonics number was
realized using spline functions.The processing
of several distorted waveforms recorded for
various distorting sources and consumers at
the Faculty of Electrotechnics Laboratory or at
a Power Plant. Fig. 2 depicts the voltage and
current waveforms for a distorting three-phase
power source from a Power Plant (auxiliary
generator's stator). The waveforms
corresponding to voltages and currents from
the stator phases were decomposed into 40
harmonics (according to European norms).
Fig. 3 depicts the harmonic content of the
voltage from phase no. 1 and Fig. 4 depicts the
harmonic content of the current through the
same phase (in both cases for the first 20
harmonics). In both cases the initially
decomposed signal was reconstructed using
its harmonics up to the 40-th order.

The number of harmonic components
used to decompose an experimentally
determined periodical signal cannot exceed
the number of sampling points along a period.

wt |_||.\'1l;.l||]
1 D00
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(b} Phase currents

Fig. 2. Measured quantities for auxiliary generator’s stator
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Figure. 4. Harmonic content of current i, for auxilliary generator

If one needs a decomposition in a higher
number of harmonic components, the
waveform can be locally approximated
through a spline interpolation (cubic
polynomials) in order to determine
intermediate points.

For the results validation the signal is
restored through the harmonics composition
and then one must compute the percent
relative deviation from the original signal.

The analysis performed directly with the
data acquisition system, using its integrated
software (PDMWin package), resulted in an
error lower than 2.5% between the recorded
signal and the signal obtained through the
recomposing of 12 harmonics. The error
generated by the difference between the
signal recorded initially and the signal
reconstructed through the recomposing of the
40 harmonics was computed.
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In allthe analyzed cases the error did not exceed 1%.
Therefore one can conclude that a significantly greater number of harmonics is required only in
some particular situations (e.g. the maintaining of the operating regime for a long time, the
instantaneous compensations for slow load variations.
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This proves that the software packages
realized by the authors of this paper using
interpolating polynomials or spline functions
generate more accurate results from the
harmonic decomposition point of view and
moreover they provide the user with the
facility of use any standard (like EC-60664 or
IEEE-ANSI 519, etc.) during the analysis and
decomposition of waveforms.

The realized algorithm, based on FFT,
allowed the determination of the harmonics
that appear in the waveforms of phase
voltages and currents. These are depicted by
tablesland Il

Using these results one can determine a
series of quality parameters for the distorted
waveforms of the phase voltages and
currents. In the tables Il and IV one can see
the RMS values and the total harmonic
distortions of phase voltages and currents,
determined from the realized harmonic
decompositions.

The performed analysis reveals a regime
that causes strong distortions in the case of
auxiliary generator. Significant harmonics can
be noticed in the waveforms of phase
voltages and currents. The THD for the phase
voltages is great (higher than 20% for every
phase) and its values vary significantly
between phases (UTHD,,, =21.51% - phase
1, UTHD,,, =27.82% for phase 3). These
values reveal a unbalanced operating regime
of the auxiliary generator. The great values of
THD for the phase currents emphasize their
significant distortions.

Generally the significant harmonics have
indices of the form (6p1). They are
characteristic for sources of this type that
supply rectifiers controlled with thyristors — as
in the analyzed case. The weight of the
significant harmonics (mainly of orders 5 and
7) leads to the conclusion that filters must be
used to compensate their effect.

The above analysis also emphasized that,
owing to the fully controlled rectifier with
thyristors, one can notice a reversed flow of
active power along the higher harmonics as
compared to the initial flow of power
corresponding to the fundamental harmonic
provided by the auxiliary generator.
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This fact is reflected by the analysis of the
regime of d.c. current after the rectifier. It
resulted into the conclusions that the power
generated by the d.c. component, which is
afterward delivered toward the main generator
of the power group had a value of 304 kW.
Meanwhile the total active power before the
rectifier had a value of 316 kW. The difference
between powers represents a reversed flow of
active power along the harmonics (from the
rectifier toward the auxiliary generator).
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[V. CONCLUSIONS

The relative deviations of the
decomposition that uses 40 components with
respect to the one that uses 500 or 1000
components emphasizes a relative low
variation, fact that seems to be correct from
the European standards point of view, which is
limited to the first 40 harmonics. We still
consider that in practice one must provide
individual data for every type of sources or for
power systems in order to certify this
assumption. A similar problem can be
considered for any type of (groups of)
consumers.

The original algorithm can be successfully
used in harmonic analysis problems within
networks that contain one or more distorting
consumers.

This analysis presents a case of a
harmonic source from a power system. The
presented case was selected from a
significant number of determinations
performed at a power group. Separate or
simultaneous analysis of the auxiliary
generator and of the fully controlled rectifier
were also made for various loads of the main
generator (including the idle running) and for
various operating regimes (inductive,
resistive or capacitive).
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The analysis presented by this paper
emphasizes the clear advantages of the data
acquisition system and the possibility to use
the elaborated software. This software
practically extends the harmonic analysis for a
number of harmonics imposed by the
(inter)national standards. Its specific features
makes possible the implementing of various
theories concerning the powers/energies for
the three-phase systems, the adapting to
particular cases (power sources, auxiliary
equipment from three-phase power plants,
significantindustrial consumers etc.)

The correct interpretation of the recorded
and processed data can be used
consequently for the correct management of
powers/energies and of their flow and in the
same time can provide indices for the
diagnose and control methods [12].

The analysis accomplished at certain
consumers validated the conclusions
concerning the data acquisition system and
the original software packages.

The harmonic analysis presented here can
be useful for distorting consumers
compensated with active or passive harmonic
filters in both cases: before and after the
compensators installation [20].
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CONDITIILE DE DIMENSIONARE ALE ARCURILOR SUPAPELOR CU
COMANDA DIRECTA
Mat.ing. Gabriel Radulescu, Drd.ing. Radu Radoi, Drd.ing. Catalin Dumitrescu,
Ing. Niculaie Mihai - INOE 2000 - IHP, Bucuresti - ROMANIA

1 Conditiile de limitare a parametrilor
arcurilor spirale cilindrice

Literatura indica pe baza unor criterii limitele in
care trebuie dimensionate arcurile

- Raportul (/) dintre spirei (D) si diametrul
sarmei (d) respectarelatia: 4<i<12

-Stabilitatea transfersala a arcului (A) este
raportul dintre lungimea netensionata (H,) si
diametrul spirei (D) si trebuie sa fie mai mica
cauna,_;,

A= A, <h ..
D R EiT

In cazul supapelor in care cand impingétorul

arcului este ghidat 3 =534

Functie de modul de ghidare valorile lui A

sunt 131 < A < 5,34 si se poate calcula cu

relatia: entru care
, :-bt_=2,62p 06<p, <2
B.
- Sarma rotunda de arc utilizata in mod curent

are in principal doua caracteristici importante:

Efortul tangential maxim: ; <70 daN
T

- Modulul de elasticitate tranversala:

Unghiul de infagurare al spirei se recomanda
a fi:

6" <a < 15°

Coeficientul de forma al arcului are ca forma
aproximativa:

£;1+1‘_ﬁ

I D
Variatia raportului i = functie de diametrul
(d) al sérmei este red4t de diagrama Fig 1
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Figl

'
2 Modelulfizic al supapei si arcului

Explicitarea dimensiunilor ansamblului
supapa-—arcesteilustrata de Fig 2
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In care: d diametrul sarmei, D diametrul spirei,
d, diametrul supapei, d, diametrul nominal, H,
lungimea destinsa a arcului, H, lungimea
prestransa, H, lungimea de comprimare a
arcului la deschiderea nominala a supapei.

3 Setul de relatii utilizate in
dimensionarea arcului:

[ Gd

1=

- Numarul de spire active;

C= EfLFL Constanta elastica,

T =%~ g? Efortul tangential,

|

Y g =0
*®e

H, =£, +£+014nd+(n+n ) inceredf = 11

n =15.2

|

4 Aprecieri constructive:
Se apreciaza constructiv ca d; = 1,25 d,, iar

D=08-d; rezulta D=4,
Se aproximeaza ca f = h deschiderea
nominala a supapei

2
ﬁ:fﬁ Cf=025-d,

5

Se impune ca F, <1,25-F in care:
F = p“—;‘i‘ ~0,785pd’

5 Elementele de predimensionare ale
arcului utilizdnd marimele de tema si

constantele materialului
a) Constanta elastica, rezulta succesiv:

coEmF _025-F _025-0.785-pd;
/ / 025-d,

Exprimarea lui F,:
F, =125-F, =125-0,785- pd>

X = 0,785-d, p
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b) Diametrul sdrmei se obtine succesiv:
_8K D F 8 i+l6 i

——— S F = F,
“Tnod t wm i dE
. [618)

[

Explicitand ,d” obtinem:

d Jw-mm— pd?
TETH

@i1)d=1,581d,- |G +1,6)-&
T

¢) Numarul de spire active se obtine succesiv:

1581d, |(i+1,6)- P
Gd* _Gd G '"’\‘( )rﬂ

T8CD’ 8CP 8P 0,785pd,

(1) n= 0.252.8 ‘1+16)—
p

d) Lungimea netensionata a arcului
Exprimarea diferitelor stadii de comprimare
suntredate de relatiile (IV).
Lungimele corespund astfel:
a=(n+n)dn =15 2 comprimarespira pe spirs;
H, =H, +014nd comprimarea de fortamaxime;

(iv) H, =H,+f prestrangerea;

H, = H, +f, asensonat, -%

- Lungimea netensionata

(V)H, =£, +f +0]l4nd + @ +n, M

Hy=f,+f+114nd +2d

- Evaluarea termenilor:

f F _0785-pd, d,
C 0,785 -pd,

f=025d,

m)‘nsom _...T (1 16)
p i

A L2
Ld=1,531¢ ,qi[m,ﬁ) 5
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Tnlocuind (V) cu (V) se obtine :

(VL) H, = d, -[1,25 +u454-%-ils(i+1,6)rﬂ+3.mz ’(i +l.6}1£} 4
e) Exprimarea stabilitatii
1-H _H
D 4,

A=1,25+0,454- —-—a+1a)-ﬁ+

1—

3162, [i+1,6)E,
'*. T

(V) & =1,25+0,454- ? 50,

L] -
— in

3162 [(i+1,6) 2
'I-i t,

care:
G=2810. ﬂmﬂ 4<i<l1Z;

r, = 7000221

i A, =534

mt’

Fig3 prezintd modul de variafie alui A _
funchie de . p" lai =cf. P [bw)
Fig3
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SONIC TRANSMISSION ON WIND TURBINES

Prof. Univ. Dr. Eng. loan POP, Drd. Eng. Paul VIDICAN,
Conf. Dr. Eng. Constantin CHIRITA, Prof. Dr. Eng. Horea ABAITANCEI,
Drd. Eng. Marius DENES-POP, Drd. Eng. Vlad BOCANET
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Abstract: The European Community is fully involved in the energy production sector. Major
efforts are made for abandoning the traditional paradigms and working with new modalities for
producing energy. In this framework they pay more attention on ensuring funds for
development of new technologies that can increase the total production of the European
Union. A solution based on the theory of Sonics, can satisfy this need. This solution refers to
the power transfer from the turret to the base of the tower or elsewhere where it is needed. This
leads to significant savings, from all points of view, especially in labour protection. This solution
offers more efficient wind power plants at much lower costs.

Abstract: Comunitatea Europeand, este implicata in totalitate in sectorul productiei de
energie. Se fac eforturi majore pentru abandonarea paradigmelor tradifionale si abordarea
unor noi modalitati de producere a energiei. In acest cadru se acorda o atentie deosebita in
asigurarea de fonduri pentru dezvoltarea de noi tehnologii care sa creasca productia totald a
Uniunii Europene. O solutie, bazata pe teoria sonicitatii, poate satisface aceasta nevoie.
Aceasta se refera la transferul puterii obtinute in tureld, la baza turnurilor eoliene sau in alta
parte. Aceasta duce la economii importante din toate punctele de vedere, implicit din cel al
protectiei muncii. Aceasta solutie ofera posibilitatea eficientizarii centralelor electrice eoliene,

Noiembrie 2010

la costuri mult mai scazute.

Keywords: energy, wind turbine, mechanical transmission, sonic transmission

1. INTRODUCTION

Industrial wind turbines are massive building,
producing high power. The wind turbine in
itself is an entire “factory” that transforms the
rotation movement of the rotor into electrical
energy. Its turret contains gears, brakes,
electrical generators, control panels, power
cables, etc.

This means that the assembly, operation and
maintenance are more difficult. It should be
noted that usually a daily inspection of
equipment in the turret is made and annually
all assemblies and equipment are remove and
inspected, including the rotor blades. All these
operations are dangerous, because
everything is done at heights of about 60-90 m
and are expensive too.

This paper presents a solution based on the
theory of Sonics. This solution refers to the
power transfer from the turret to the base of
the tower or elsewhere, where it is needed.

41

This leads to significant savings from all points
of view, especially in labour protection.

In principle, the resulting motion from the
turbine blades is converted into sonic
pressure waves, bi- or multi-phase by the
sonic generator and then transferred to the
base of the wind tower, through a suitable
number of pipelines equivalent to the number
of phases. The pressure wave is then
converted to rotary movement by a sonic
motor usually having the same construction as
the sonic generator from the turret. The
mechanical energy is then transformed into
electrical energy by conventional means. The
converters can be located at the base of the
tower or elsewhere.

This method also makes possible a resizing of
the wind tower, making them lighter and easier
to maintain.
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2, CHARACTERISTIC CURVES FOR

THREE-PHASE SONIC SYSTEMS

One of the advantages of the three-phasic
transmission is that it can transmit the same
quantity of motion at any point in time. From
the structure and the design of the motion
converting mechanism and the phases of the
pistons that are part of this mechanism, shown
in Figure 3, one can see that the motion is
generated only by the maximum flow of the
phases, when Q is between 11/6 and 5T1/6.
The speed and the load are represented in
Figure 1, taking into account the above
mentioned conditions.

TN TN AT A 2T & -
X X LK X K XK
= I}E !Tﬁfg-x\-\” | i,:*l].:-r.r ~\-\\ S "llf_,-"r\ [ == \‘.l
ERT X X X
adet Tl AN A NN i

Figure 1. Flow diagram-phase sinusoidal

2, THE SPEED OF THE THREE-PHASE
SONIC ENGINE

Phase movement is always generated at the
moment with the maximum instantaneous
flow. Figure 1 shows that for each phase
there's an interval with the length of 211/3
radians where the flow for this phase is greater
than the flow of the other phases.

We will calculate the average flow rate, Q,,, in
this period, after which it will be used to
determine the speed.

The instantaneous flow given by a phase
generatoris:

0 =4,¢, 0, ~sin@)g -t)=

‘ )
=4,-e,-0,-snQ,

where:

©, =0, (2)

The average instantaneous flow due to the
first phase, active between 1/6 and 5T11/6,
generated by motion, is:

st

1
leim = % '

3

6
.[Ag ‘e, 0, sing, -do,

T

3)

[=)}
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so:
O, =083-4,-¢, -0, 4)

The speed of the hydraulic piston motor phase

TN
- R =, (5)
Vm] m m 30 m
but:
, = (6)
"4

From Equation (5) results that:
30-083-4, ¢, -0, 7)

n-R, -4,

n

m/-l

where:
Kg =¢ 'Ag
K, =R, -4,

(8)

Equation (8) becomes:
_30-083-K, -0,
n-K,

My

but:

n
O)g =TT ._g
30

Substituting in (9) we get:

:30-0,83-Kg~7t-ng
30n-K,,

(10)

mj]

SO:

(11)

K,
n =083-—%£.n
11 g

m
m

Comparing the speed of the three-phase
hydraulic transmission with the speed of the
two-phase hydraulic transmission, we can
conclude thatwhen K, n,, and K are identical,
the speed of the three-phase transmissions is
30% greater than the speed of the two-phase
transmission. By increasing the number of
phases, the constant from the speed formula
tends to become unitary.
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4. THE SPEED OF THE THREE-PHASE
SONIC MOTOR UNDER LOAD

The speed is determined like in the case of the
two-phase transmission with the single
difference that the limits of integration are
between 11/6 and 511/6. (See Figures 1 and 2)

T B “ N “ !
Fuoe |: —:I I:_ZI
. o iS = = et
3 o EX - i !
]
e ey
"-\.
I LY o
i
'\ /
Wgp o F

Figure 2. Phase diagram of tasks depending on
cylinder angular frequency

Figure 3. Diagram of a system design phase,
radial piston

If we consider a three-phase system like the
ones shown in Figures 3 and 4, the phasic flow
of the hydraulic generator under load is

diminished by the inductive (Q,) and
capacitive (Q,,) flows.
A-A
'||_| Ag Fo
10N o A — —

1Oyt = — e
1 = E‘)'ﬁm dr—._ Z L. 'J;

_'"l._‘. : o -

Figure 4. Axial piston-phase system
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Thus the real flow Q,, will have the value:
Qef = Qf -0, -0 (12)
Their effect is shown in Figure 5.

|

0

Qer
0
0y

i m e
G 5
Figure 5. The effect of inductive and capacitive
discharges

If the mass of the phase pistons and the
angular frequency generate significant inertial
forces, one must consider both their inductive
and capacitive flows. Furthermore, to simplify
the calculation, we consider them constant.

THE CAPACITIVEFLOW(Q,.)
From the relation (4.90) in [1] we obtain:
V,
vy, =Eo'dpcl' (13)
From:
dv,,
=—a 14
QC! dt ( )
results that:
dVCi :QCi'dt (15)
respectively, after replacingin (13):
O -dt =Cs - dpy; (16)
or:
_Cs-dpg (17)
o 0t
butdp., it can be written as:
F
e = (18)
Substituting (18) in (17), we obtain the
expression of the capacitive flow:
d|(F
=C, —| 2 19
QCI S dt (Am j ( )
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THE INDUCTIVE FLOWQ,,
The equation (4.80) from [1] can be written
as:

do,,
Ap, =L, —=L (20)
\D i S
or:
Ap,.-dt
dg,, =4 @1)
LS
but:
Fm
APLiZA—m (22)
accordingly:
F
dQ, =—"—.dt 23
QLz Am'LS ( )

Substituting in (12) Q,and Q. and considering
Q,, null, we obtain:

O,=4, 0, ¢, sino, )

24
e d(E @4
dt\ A,
The average real flow rate is given by:
(25)

0, = % . LT 0, (t)-dt

In our case, the average real flow rate will be

T 5w
calculated in the interval ®,-f€ [g;?}

shown in Figure 1 and 2, as follows:
Qem =

Sn
%-[Lﬁ 4,0, e, -sin(o, -t)-dt}
- 6
3

1 d (*F,
i

3

(26)

3 F
=083 4, ¢, 0~ Cyo ot

3

21

~

=083-4,-¢, 0, -048-C;- Am

m
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The average speed of the engine's phase
piston will be obtained from the relation (8.21)
in[1]and results:

Qefm

y =2 (27)
m Am
Then:
. 20,83-Ag~eg.n-ng 28)
" A, 30
Fm
-0,48-C; ?
Tn
where: ® = g

The torque M, must overcome the resistant
torque produced by the lever mmmsine bjx=
of the force F,, (that must be defeated by the
pistons in their active stages), Figure 6. Thus:

Mm

F, = (30)

b

m

€2))

Figure 6. Making the phase torque

We will consider an average value of the lever

b,, noted with b, , during the active phase of
T _Sm

the moving piston | Pn €| > 7"

It is calculated similar to equation (8.18) from
[1] from which:

1 o
o = |:* e, -sing,, -do,
St w Ié

6 6

(32)
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but: K,=e, 4,
Fo=Ma_ M, (33)
b,., 083e, K, =R, -A,
and (28) has the form: 0.83-K, e,
n,=————""1
m K g
0,83-4, -e, mw-n " 41)
_ g g g _ ) ]
Vom 1 30 (34) _11735-C,-M,,
M n e, A, -K,
~0,48-Cg-——"—
0,83-¢, -4

m m

Kg
n,=083-n,-e, VA
Equation (27) can be written as: "

1735 C,-M,
0, n e -4 -K
o === =10 0,) 0, (35) A B
" Using the theoretical rotation speed
o =, €, -COSP,, 56 relationship (11):
2 2 .2 K
+(Dmm \/Rm - em -sin (Pm nmfl = 0’83 . K—g . ng (42)

m

Since the

c relation (41) becomes:
terms e, -sin" ¢, <<R and e, -cos@, << R

1735 Cy-M, (43)
.. nmznmfl.eg_ '
are negligible, (36) becomes: n e, K, A,
v =R -0 (37) or:
nypy e, —m, =0 Cs My (44)
Equalling (37) with (34) we obtain: n e, K, 4,
0.83-4,-e, mw-n, From (44) we can determine the torque
P 30 transmitted by one phase:
" (38)
-048-Cy—Mn Mm:Q“mfl'eg‘”m)enz'Km'Am'“ (45)
0,83-e, -4 17,35-C;
=R, -®,, The maximum torque is reached when the
second term of the Equation (8.89) is zero.
but: Thisoccurswhen n, =0
T n (39) . .
0,,, = —" In this case for each phase there is a purely
30 capacitiveload 9O, =0,
So:
0.83. 4 n,-e K A n _0
n = ;‘g-e‘g'ng _ 17,35-C, (46)
An B (40) (forn, =0)
~Lgzs S M )
n e, AR, then:
M — nmfl T .eg .em Km Am (47)
e 17,35-C
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From the relation (17), written for the three
phases, one can determine the phase
pressures in relation to the capacitive flow as
follows:

1 T
Pc = C_S.'[O O, -dt (48)
1 T
Pcr = C_S'[O O, -dt (49)
1 T
Pc3 = C_S'L O, -dt (50)

The torque of the drive shaft is produced by
the sum of the three pressures:

Pn=PcrTPcrt Pcs (51)
or.
1 T
Py = C_‘L (Qc1 +0c, + 03 ) dt (52)
s

5. Conclusions

This solution, by which the classical
mechanical transmission is replaced with the
sonic three-phasic transmission, brings a lot of
improvements regarding the construction, use
and maintenance of the wind power plant.
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Beside the advantage of moving the
equipment at the base of the tower, the sonic
transmission systems offer the possibility of
centralization of the wind power from multiple
wind turbines and converting the mechanical
energy into electrical energy using only one
conversion unit.
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ABSTRACT

The paper presents the studies for the thermal behavior of the lubricating greases, using a

plastometer with a capillary tube.

The plastometer was specially designed in order to be capable to determine the variation of the
yield stress versus temperature. The experimental results have been numerically treated and a
regression relation was obtained, similar to the relation between viscosity and temperature.

As afinal conclusion, the results were compared with those published in the literature.

NOMENCLATURE

t - temperature;

tz - reference temperature;

u - velocity along Oy axis;

y - cartesian coordinate;

oL - coefficient;

Y - Viscosity;

T - shear stress;

Tp - shear yield stress;

T - shear yield stress corresponding to the temperature t;

To, - shearyield stress corresponding to the reference temperature t;
I.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,
/1/. Applications involving non-Newtonian
fluids require appropriate formulation. 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, /2/. The
constitutive equation for an ideal Bingham
plastic model is:

(1)

T=1 +ndu
=T, +N—
d
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Two parameters, which characterize Bingham
plastic models, are the shear yield stress and
the viscosity. When the magnitude of the
stress tensor is less than the shear yield
stress, the behavior of the fluid is akin to that of
a rigid solid. When the shear yield stress is
exceeded, an ideal Bingham plastic fluid
commences to flow as a linear viscous
(Newtonian) liquid.

The purpose of this paper is to study the
thermal behavior of the lubricating greases,
using a plastometer with a capillary tube.



HERVEX

Il. EXPERIMENTAL STAND

The experimental stand was a plastometer
with a capillary tube, which permits the direct
measurement of the yield stress and also its
variation with the temperature. The
plastometer is similar to GOST 7143-73, but
with the loading system modified (Figure 1),
13l.
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The components elements are:

1—Thread tube M5 x 0.8 filled with grease;

2 —Thermostatic precincts (20 ... 80)°C;

3 —Hydraulic pipe;

4 —Gauge (0,05 ... 1) bar;

5 — Hydraulic loading system with piston (0,05
...0,55) bar;

6—Tap;

7 —Qilreservoir.

|

e o e . o, e

Figure 1 Schematic diagram of the plastometer

lll. RESULTS

The experiments were carried out on a group
of 4 Romanian greases (UM165LiCa1,
L90Ca1G, Rul145Na3 and UM185Li2) and 2
foreign greases (Shellalvania2 and
MobiluxEP2). The temperature field variation
was between 20°C - 60°C, the results being
comparatively presented with some values
obtained by other authors (see Table 1) /4/, /5/,
/61.

The first 6 experimental results from Table 1
have been statistically processed, by using the

regression analysis method, searching an
exponential relationship between shear yield
stress and temperature, as follow:

— —a(t—ty)
T 0t T 0.t e

(2)

In Table 2 are presented the values of
coefficient for all the greases which were
studied and also the comparison between the
theoretical and experimental values for the
yield stress.

Also, in Figures 2, a and b, the regression
curves and the experimental points have
presented.

Table 1 Experimental results for the variation of the shear yield stress versus temperature

No. | Greaserype | 0°C [ -15 | -10] O 10| 20 30 40 50 | 60 | 70 | 80 | 100
1 |[UMI65LiCal [269 | 127 | 186 | 124 | 115 |
2 Lo0CalG | 248 | h3 173 161 | 103 |
i Bul 145 Na 3 | 3 | M7 BITE] 1207 | 168 |
4 | UMI85Li2 ESECEEEE N
5 Shellalvama 2 | 558 ) 4M 40 27 | 157 |
f Meabilux EP 2 Tos | 317 4720 3E3 317 M5 |
7 STP, 4 Pa 457 | EETIN BEITH 116
8 Aliten 724 103 174 t4e | 148 | 128
"9 | Bemor2 4 | e T | | & | &2
10 Li-43. /4 1050 | 1006 | 933 | 855 | 740 | 93
11 | Alvama EP2. /5 1102 | 793 | 631 | 618 | 343 EIE T o | isd
13| Actoshell 6, /6 i T 75 | 0 | I8 |
13 | Temmalene, /6 500 B00 00 |
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Table 2 The values of coefficient for all the greases (No. 1 to 6, Table 1)

Companson between the theoretical and expenimental values
No. Grease type i, °C! for the yield stress Comrelation
.°C | 20 | 30 | 40 | 50 | 60 | coefficiem
I | EBM1631L1Cal | 00230 T 269 227 186 124 L5 0.9633
| Py — 260 213 170 135 107
2 L30Cal G 0.0204 Tor ey 248 213 175 161 103 09282
PR 245 202 165 134 914
3 Ful 145 Na 3 0.0174 Toveap 341 247 203 180 163 09362
ST 341 286 241 202 170
4 A 1851a2 0.0132 Th v exp 413 385 33 204 244 05803
| g 413 362 317 278 243
5 Shellalvama 2 0.0192 Ty wus 338 434 340 287 263 0.9679
Tt ¢ sesians 358 461 380 4 233
fi Mobulux EP 2 0.0161 - 517 420 383 317 265 0.9898
T o 317 i 315 319 272
hbtj':l Forony
- . R S hellalvania 2 ]
AR SLE. . —_—
| . S UMIIEs L2
. N Y . _ :
L0 om 3 » I. Lo a1 4G o ¥ . : Ih‘T_ffhﬂl].‘{ ER2 |
DY S i I - d =
. _ Y | - |
iz b L x
1 - ® - *
LA — =
1L " = 2
et »
&
* +
@D ) | | e na i
A1k Eialy] A P LUI:III-ZL AN ann AT AL [, e an.on
Figure 2 The variation of the shear yield stress versus the temperature for the
experimented greases
IV.CONCLUSIONS

1. There is a direct relation between the
shear yield stress and the temperature; the
exponential dependence is very
appropriate for approximate this relation.

2. ltis very important to intensify the research
in order to obtain more information for a
large class of greases.
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Abstract

Main subject of this paper is a virtual prototype for numerical simulations of dynamics of construction
equipment with fully hydrostatic driving system. This virtual prototype, named SYMTRAX-I, was
developed based on the classical single degree of freedom model. It is a new complete and serviceable
simulation instrument for the technological equipments with integral hydrostatic driving system. With the
help of this model it was simulated the kinematical excitation phenomenon generated by the road
irregularities. The complexity of this analysis results from evaluation of the specific dynamic
phenomenon which appears at interaction between the main parts of the construction machine and the
road. It was supposed the complex connections between tire wheels drive devices with the equipment
insulated on these, the rolling system, the traction transmission and the engine from the base machine.
This paper presents mainly the SYMTRAX-I numeric simulator, the computational initial hypothesis and
final results, and the comparative discussion between the instrumental tests and the numerical results.

Keywords: hydrostatic driving system, wheel-road interaction, dynamic analysis, virtual prototype.

Introductive Remarks

The driving systems of the
construction equipments have a complex
configuration based on the mechanical
and/or hydraulically ensembles. Hereby, it
can be classified into the three main
classes, taking into consideration the
structural composition, such as follows: full
mechanic, full hydraulic and combined
hydro-mechanic driving systems. Supposing
these, the traction system of certain
technological equipment acquires a
specifically dynamic behavior under the
kinematical excitations generated by the
road irregularities. This fact can lead to the
resonance phenomenon with  speedy
propagation and harmful effects into the
entire structure of the driving system.

The complexity of this analysis is
sustained by the innovative evaluation
method of the specific  dynamic
phenomenon which appears at the
interaction between the main parts of the
construction machine and the road. It was
supposed the complex connections between
tire wheels drive devices with full equipment
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insulated inside these, the rolling system,
full traction transmission structure and the
main engine from the base machine.

The entire dynamic process have the
common element and this is the rolling drive
system, related to dynamic characteristics of
tires, which include both the vertical
direction movement phenomenon of the
equipment with respect to kinematical
excitation, and the tensional dynamic
charges of driving system.

According with  previous briefly
argumentation, this research deals with
virtual prototype for construction equipments
with integral hydrostatic driving system.
Major objective of this numerical simulator
consist by complete analysis of the complex
phenomenon generated into the machine
system by the road irregularities, for a
normal working cycle. Based on the single
degree of freedom model, it was developed
a new practical simulation model named
SYMTRAX-I. This paper presents mainly the
SYMTRAX-I numeric  simulator, the
computational initial hypothesis and final
results, and the comparative discussion



HERVEX

between the instrumental tests and the
numerical results.

In Figure 1 is depicted the basic
diagram of the SYMTRAX-I numerical
model. This is the core of the virtual
prototype for proposed dynamic analysis.
The motion equations results easily thus
that the dynamic's system for the proposed
model is

Jsp@ + (Xpqpo; + Ps)0s + Xpdpp = s

(qy —k oy +ay p* +app+(Bp + Bu ) B= 254
Ty = @y — K )0y (0g = 0,) ~(qy — K )p =
Jr @& —c, (S —&)—k,(pr —py) =0 (1
M8 c_ Stk z=c 18k u )
u = u, sin(@yt)

Mp=r,fM(g+&

wp = @

MT

V0

C

¢
\V//aNNZAA\

Figure 1. The basic schematic diagram
of SYMTRAX-I virtual prototype

The main parameters of the virtual
prototype (which appears in Figure 1
schematics) have the meanings and
formulations such as follows
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The Basics of SYMTRAX-I Numerical Model

i) The adjustment characteristic of the
hydrostatic pumps is

. N,
Ap=—" " (2)
qop-Ws-P

with basic restrictions given by

Lif g, 21
Yo =1asif 2o <1land p<28.10"N/m?
Z;min_i]{_p > 258107N/m2

(3)

i) The irregularities pulsation of the road
profile is
@, =v,/r,

(4)

iii) The rolling resistance coefficients have
the values presented in Table 1.

Table 1. The rolling resistance coefficients
Rolling resistance coefficient for

. asphailt or
puddle ground ms;tgn concrete
track
0.03 0.16 0.02

iv) The moment of adherence between the
tire and the road wearing out surface is
given by the expression

M, =r,p, M(g+& (5)
v) The main condition for the adherence limit
is given by the next expression

Mgr< My (6)

Computational analysis on virtual prototype

From the previous paragraph results
that the mathematical formulation of the
SYMTRAX-l core model have the
expressions given by (1) containing five
differential equations. These enable
computing of the five unknown independent
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parameters of the model, namely such as
follows
e z means the displacement of the
equipment on vertical direction;
e p means the pressure into the
hydrostatic driving system;
e o, ®,, ®, means the instantaneous

angular velocities at engine axis, tire
wheel, and respectively, of the whole
equipment reduced at the wheel axis.
The expression (2), with restrictions
given by (3), framed the adjustment
characteristic of the hydrostatic pump
regulator. The adjustment factor of the pump
displacement flow y, result from these

equations, respecting the instantaneous
pressure into the driving system. Hereby it
will be able to evaluate the instantaneous
flow rate value of the pump.

From the numerical simulation results
the dynamic characteristics of the traction
system. Among these results, it will be
assumed the pressure variation into the
driving system, because these data was
acquired also from the real model.

A wheel frontal loader with full
hydrostatic driving system was the real
model used for the comparative analysis
with the numerical simulation. Actually, this
was the MMT-45 frontal loader, made by
PROMEX SA factory in Braila, Romania.
This construction equipment is presented in
Figure 2 (general view and details of the
hydrostatic driving system for the front
wheels).

t- I
Figure 2. The MMT-45 frontal wheel loader.

General view with hydraulic system and
wheel driving unit details.

Noiembrie 2010

In Figures 3 and 4 was depicted the
diagrams related to the simulation results for
some movement analysis cases of the
construction equipment.

The longitudinal profile of the road
which  was supposed for numerical
simulations depicted in Figure 3 is given by
the next expression

u=u

oo SIN(3.488 1) (7)
where uge, denote the elevation of the road
potential irregularities.

As well, for simulations results
depicted in Figure 4, the longitudinal profile
of the road is given by the expression

u=10sin6.976¢)+5sinG- 6.976¢)+5sin 0 6.976¢)

Diagrams in Figure 5 shown two main
cases of comparative evolution of the
instantaneous pressure into the hydraulic
driving system, between the instrumental
tests, the numerical simulations and the
theoretical movement for a direct and flat
road surface without irregularities.

pressure from STIH-[bar]

0 2 4 [} 8 10

time -[sec]

PO3E1E 0T =l

b)

] Z 1 4 1
bris Issl
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Figure 3. First case results of SYMTRAX-I
numerical simulations for the equipment
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ovement with harmonically irregularities on the
road and 1.5 m/s (5.4 km/h) speed.

(a) no road irregularities, concrete or asphalt
track with /= 0.02

(b) harmonically irregularities with 0.1 m
elevation, concrete track with /= 0.02

(c) harmonically irregularities with 0.2 m
elevation, concrete track with /= 0.02

(d) harmonically irregularities with 0.3 m
elevation, concrete track with /= 0.02

(e) no road irregularities, puddle clay track with f
=0.03

(f) harmonically irregularities with 0.3 m
elevation, puddle clay track with f=0.03

200
200
100 A
a v "né.s 1 nVAWLE z

-100

-200

Figure 4. Second case results of SYMTRAX-I
numerical simulations for the equipment evolution
with periodical irregularities on the road and 3 m/s

(10.8 km/h) speed.
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Figure 5. Comparative analysis for MMT-45
equipment movement
over the puddle clay track with periodical

irregularities.
(a) Comparison between the theoretical movement
for direct and flat road surface without irregularities

(red dashed line), and simulated movement for road
with polyharmonical irregularities (thick blue
continuous line);
(b) Comparison between simulated movement for
road with polyharmonical irregularities (thick black
continuous line) and instrumental measurements for
MMT-45 equipment (red square dots).

Discussions and conclusions

Numerical computations and
simulations developed on SYMTRAX-I
model reveal deep and cross correlation of
the pressure with effective rolling conditions
of the construction equipment, such as: type
of the road, elevation and type of the track
irregularities, equipment velocity. It was
dignified that the instantaneous pressure
into the equipment driving system follows up
the road irregularities profile. It was
observed that for the specific conditions
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supposed for the SYMTRAX-I Vvirtual
prototype simulations, even the pressure
follows up the irregularities with enough
accuracy, it does not accomplish the
resonance conditions in the hydrostatic
driving system. This is due to the fact that
natural frequencies range of hydraulic
driving system are enough shifted relative
that of the road irregularities profile.

A very important conclusion related
with these simulations refer that was not
identified the resonance phenomenon,
whichever the irregular road profile and the
speed range was adopted. It had to be
mentioned that the speed range was
between 0 and 5.5 km/h. These were
happened even for the cases when the
magnitude and the phase of the
instantaneous pressure into the driving
circuit had acquired comparative evolution
with the kinematical excitation.

In case of periodical kinematical
excitation with polyharmonical signals, the
pressure follows up the road irregularities,
but appears breaks on linkage with rolling
way. This means losses of the adherence
and was observed especially for high speed
movements, with  values over the
technological limit speed.

In case of singular irregularities, the
pressure leaps appears rigorously at the
subside attack. After this moment, the
dynamic phenomenon decreases speedy
due to the damping around the value that
corresponds to the movement over a flat
road (see Figure 5).

With this research it was proved that
the resonance phenomenon, supposed as
very imminent at construction equipments
with fully hydrostatic driving systems, it is
possible to appear only when natural
frequencies domain of the driving system
(resulted form designing and manufacturing
processes) are situated nearby the
excitation frequencies area of the irregular
road profile (which statistically denote a
potential road profile for an effective study
case).
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Abstract

This paper is a part of a large study deals with numerical simulation of complex dynamics of
construction equipment with full hydrostatic driving system. The objective of this paper is a virtual
prototype, named SYMTRAX-II, which was developed from the first order virtual prototype SYMTRAX-I
in addition with classical two degree of freedom dynamic model. SYMTRAX-II becomes a powerful
virtual instrument for complex simulation of dynamics generated by the irregular road profiles and
induced into the equipment on the whole. The complexity of this analysis results from the evaluation of
the specific dynamic phenomenon which appears at interaction between the main parts of the
construction machine and the road. This means a complex connection between tire wheels drive devices
with the equipment insulated on these, the rolling system, the traction transmission and the engine from
the base machine. In this paper was described the SYMTRAX-II numeric simulator, the computational
initial hypothesis and final results, and comparative discussions between the two virtual prototypes
developed until now: SYMTRAX-l and SYMTRAX-II.

Keywords: hydrostatic driving system, wheel-road interaction, dynamic analysis, virtual prototype.

Introductive Remarks

The driving systems of the construction
equipments have a complex configuration
based on the mechanical and/or
hydraulically ensembles. Hereby, it can be
classified into the three main classes, taking
into consideration the structural
composition, such as follows: full mechanic,
full hydraulic and combined hydro-mechanic
driving systems. Supposing these, the
traction system of certain technological
equipment acquires a specifically dynamic
behavior under the kinematical excitations
generated by the road irregularities. This
fact can lead to the resonance phenomenon
with speedy propagation and harmful effects
into the entire structure of the driving
system.

The complexity of this analysis is sustained
by the innovative evaluation method of the
specific  dynamic phenomenon  which
appears at the interaction between the main
parts of the construction machine and the
road. It was supposed the complex
connections between tire wheels drive
devices with full equipment insulated inside
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these, the rolling system, full traction
transmission structure and the main engine
from the base machine. The entire dynamic
process have the common element and this
is the rolling drive system, related to
dynamic characteristics of tires, which
include both the vertical direction movement
phenomenon of the equipment with respect
to kinematical excitation, and the tensional
dynamic charges of driving system.

According with previous briefly
argumentation, this research deals with
virtual prototypes for construction

equipments with full hydrostatic driving
system. Major objective of these numerical
simulators was to supply a complete
analysis of the complex phenomenon
generated into the machine system by the
road irregularities. Based on the first order
virtual prototype (SYMTRAX-I), in addition
with two degree of freedom dynamical
model, it was developed a new serviceable
numeric simulator which is SYMTRAX-II.
This paper briefly presents the SYMTRAX-II
simulator, the computational initial
hypothesis and final results, and a
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comparative discussion between numerical
results. Also, the concluding remarks
paragraph presents the advantages and the
disadvantages of SYMTRAX - I
comparative with the base SYMTRAX - |
virtual prototype.

The Basics of SYMTRAX-II
Model

Numerical

=c, (au&+ a &)+ k_ (au, +ayu,)
u, =y, sin(w,t)
U, =uy, sin(wt +6,)
My =r,f M.(g+& a@
My, =r,f.M.(g+& a,&

Jsp@& +(Xp4p0, + Ps)g + Xp4p (P + P2) = 0

(G =k Yop, +ay il +app, +(Bo + Bi) B = 2040

@y =k Vg, +ay p3 +appy +(Bo+ B B = 20,0

vy —(qy _k*)5M (g _a)r)z —(qy _k*)p1 ==My,

Jvw = (@ =k )8\ (@ = @,) =gy =K ) p, ==M ,

(I = I8 —c (B — &) —k,(0r — @)+ ¢, (B, — )+ k(9 —9,) =0
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In Figure 1 is depicted the basic
schematic diagram of the SYMTRAX-II
numerical model. This is the core of the
proposed virtual prototype for dynamic
analysis. The motion equations results
easily thus that the dynamic's system for the
proposed model is

(1)
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Figure 1. The basic schematic diagram of SYMTRAX-II virtual

prototype
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The main parameters of the virtual
prototype (which also appears in Figure 1
schematics) have the meanings and
formulations such as follows:

i) The adjustment characteristic of the
hydrostatic pump is
RN @
’ Gop-@5.(p, + D)
with basic restrictions given by
Lif 2p21
}(;_if _;(; <1 and
“(p,+ py) <5,6.10' N /m’
Z;min_l:f_(pl +p2) > 5;.6107]\[/1’}’12

IP (3)

ii) The irregularities pulsation on the
rolling way (the pulsation of the irregular
road profile) is
W, =V, /1, 4)
iii) The rolling resistance coefficients have
the values presented in Table 1.

Table 1. The rolling resistance
coefficients
Rolling resistance coefficient for
puddle moisten asphalt or
ground sand concrete track
0.03 0.16 0.02

iv) The moments of adherence between
each tire and the road wearing out
surface are given by the expressions
M, =10, M(g+& ap)

(5)
M, =10, M(g + & a,p)

v) The main conditions for the adherence
limit are given by the next expressions
Mr1< Ma1

(6)

Mpr2< Ma2

Computational Analysis on SYMTRAX-I
Virtual Prototype
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From the previous paragraphs
result that the SYMTRAX-II core model
have the mathematical formulation given
by expression (1) containing eight
differential equations. These enable
computing of the eight unknown
independent parameters of the model,
namely such as follows
= z means the linear displacement of the
equipment on vertical direction (jumping
movement);
* ¢ means the angular displacement of

the equipment on vertical plane (rocking
movement);

= ps, p2 means the pressures for the two
energetically lines of the hydrostatic
driving system;

", Wpy, Oy @, means  the
instantaneous angular velocities at
engine axis, front and rear tire wheels,
and respectively, of the whole
equipment reduced at the wheel axis.

The expression (2), with
restrictions given by (3), framed the
adjustment characteristic of  the
hydrostatic ~ pump regulator. The
adjustment factor of the pump

displacement flow y, result from these

equations, with respect to instantaneous
pressure into the driving system. Hereby
it will be able to evaluate the
instantaneous flow rate value of the
pump.

From the numerical simulation
results the dynamic characteristics of the
traction system. Among these results, it
will be assumed the pressures p; and p.
and the flows Q; and Q: variations into
the driving system, because these data
was acquired also from the real model.

A wheel frontal loader with full
hydrostatic driving system was the real
model used for the comparative analysis
with the numerical simulation. Actually,
this was the MMT-45 frontal loader, made
by PROMEX SA factory in Braila,
Romania. A general view of this
construction equipment is presented in
Figure 2. Also, in Figure 2 were provided
details of hydraulic driving system.
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Figure 2. The MMT-45 frontal wheel
loader. Generall view with hydraulic
system and wheel driving unit details.

In Figure 3 is depicted the
diagrams concordant with the simulation
results for some movement analysis
cases of the construction equipment.

In Figure 4 is depicted the
diagrams of pressure variation in
hydrostatic driving system circuits, as
follows: ps into the front circuit and p;
into the rear circuit, both acquired on real
model.

Comparing the simulations with
experimental data results a good
approximation of the numerical
computations with the reality.

On the other hand, comparing the
SYMTRAX-I  simulations  with  the
SYMTAX-II, result clearly that the second
order simulator do not bring any useful
additional information regarding the first
order model. Particularly, the second
model complicates the methods and the
procedures for numerical computations.
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Figure 3. Simulations with SYMTRAX-II.
The equipment movement for harmonically
irregular road profile; puddle clay track with f
= 0.03; left side - pressure into the circuit 1;
right side - pressure into the circuit 2;

(a) no irregularities on road, 1.0 m/s (3.6
km/h) speed, bucket loaded;

(b) harmonically irregularities with 0.05 m
elevation, 1.0 m/s (3.6 km/h) speed, bucket
loaded;

(c) harmonically irregularities with 0.1 m
elevation, 1.5 m/s (5.4 km/h) speed, bucket
loaded;
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Figure 3. Simulations with SYMTRAX-II.
(continuation)

The equipment movement for harmonically
irregular road profile; puddle clay track with f
= 0.03; left side - pressure into the circuit 1;
right side - pressure into the circuit 2;

(d) harmonically irregularities with 0.75 m
elevation, 1.5 m/s (5.4 km/h) speed, bucket
loaded;

(e) harmonically irregularities with 0.05 m
elevation, 1.5 m/s (5.4 km/h) speed, empty
bucket;

(f) harmonically irregularities with 0.1 m
elevation, 1.5 m/s (5.4 km/h) speed, empty
bucket.
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Figure 4. Pressure evolution for machine
movement over a real track with unique
irregularity; pressure in circuit 1 drawn with
blue continuous line; pressure in circuit 2
drawn with red dashed line.

Discussions and Conclusions
SYMTRAX-II virtual prototype do
not bring any wuseful or essential
additional information, comparative with
SYMTRAX - |, regarding the response of
the hydraulic driving system at the
kinematical excitation generated by the
road profile irregularities. The second
order simulator has more complicated

motion differential equations, and of
course, needs more computing
resources. Because the SYMTRAX-II

(f)
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high complexity, and from the dynamic
analysis viewpoint, this virtual prototype
was not allowed to obtain a new relevant
concluding remarks, than about the
balanced loaded of the two bridges of the
construction equipment. And this was a
function of longitudinal position of centre
of gravity, and of equipment position and
stability versus base machine, on
movement process.

From the results analysis of the
numerical simulation, developed on
SYMTRAX-II simulator, it was dignified
the dependences of the pressure with the
movement and working conditions of the
equipment, as follows: the type of the
road wearing out surface, the elevation
and the type of road profile irregularities,
the equipment velocity. It was marked out
that the instantaneous pressure into the
hydraulic driving system follows up the
road irregularities. It was observed that
for the specific conditions supposed for
the SYMTRAX-Il  virtual prototype
simulations, even the pressure follows up
the irregularities with enough accuracy, it
does not accomplish the resonance
conditions in the hydrostatic driving
system. A very important conclusion
related with these simulations refer that
was not identified the resonance
phenomenon, whichever the irregular
road profile and the speed range was
adopted. These were happened even for
the cases when the magnitude and the
phase of the instantaneous pressure into
the driving circuit had acquired
comparative evolution with the
kinematical excitation. This is due to the
fact that natural frequencies range of
hydraulic driving system are enough
shifted relative that of the road
irregularities profile.

In case of singular irregularities,
the pressure leaps appears rigorously at
the subside attack. After this moment, the
dynamic phenomenon decreases speedy
due to the damping around the value that
corresponds to the movement over a flat
road (see Figure 4).

With this research it was proved

that the resonance phenomenon,
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supposed as very imminent at
construction  equipments  with  fully
hydrostatic driving systems, it is possible
to appear only when natural frequencies
domain of the driving system (resulted

form designing and manufacturing
processes) are situated nearby the
excitation frequencies area of the

irregular road profile (which statistically
denote a potential road profile for an
effective study case).
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DETERMINAREA CONFIGURATIEI GEOMETRICE OPTIME A SUPAPEI
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*INOE 2000-IHP

- Se considera optima configuratia _ : e Y | L u
geometricd care provoaca turbulenta . ._] dg l_. ; h':_ | o™\ D
minima la trecerea prin supapa admitand, — T AN v i
insa ca viteza de trecere prin supapa este y
mai mare ca, circulatia prin restul ‘ AH t d
circuitului; | L d' c
- Configuratia adoptata este redata de = ‘ x* ==
figura 1 ce corespunde pilotilor si dD- |
supapelor directe. '
=
Daca se considera ca in restul circuitului Fiq 1 y
¢
circulatia se caracterizeazade Re= ﬂ iar d, : gaura de intrare;
Vv y . cursa supaei;
prin supapa se poate considera ca trecerea se d, : diametrul exterior;
face inmultind Re cu un factor si se poate d, : diametrul interior.
scrie:
p € coeficient ce multiplica Re;
(] ) ERe = YS9 in care v viteza de circulatie prin supapa;
A%
d, diametrul echivalent deschiderii
Formand sistemul:
v.d
Re — 1N P
v li(d_j N
£ Re = vedp | & vedp \dy) dy & d,
A%
(1) 3 In care S poate fi considerat functie de asiy
d. =222 A . .
E T Utilizand Fig 1 se exprima S(y, a)
vdr =vd;
() s(y,a )= %{2(13 +[2sin%—sinOLj(Za’Cy—y2 sina)}
() e(y)= dn 1 Din conditia ca turbulenta in supapa sa fie
2 VSG) minima este necesar ca ¢ sa fie minim. Punand

formal conditia de minim a lui § rezulta
conditiile necesare:
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2
% =0 % >0
oy v
v si conditiile suficiente o b N2
& _, e ot (ot
oo dy Oa |\ dyoa

Transpunand conditiile necesare pentru g

rezulta:
o6 __ 1 &_
E o
vr) yoo2st o dar S, y)# 0 iar S’ (o, )= 0
a__ 1 &_,
oa 257 da

Conditiile necesare devin:

(Vll)a—~d 2sin > —sina |—sino| 2sin = —sino; y=0
‘ 2 2

S
oy

Noiembrie 2010

Deci in mod absolut & =38°

inlocuind a in (IV) rezulta relatia din sectiunea

detrecere S(y) sideschiderea y

(i) S_S ~ ZdC(cos%—cosajy—{cosa(Zsin%—sinaj—sina(cos%—cosaﬂyz =0
o

din (Vi) rezulta y = dc (IX)
sSimao

din (VIIr) rezulta y =0 solutie banala
Inlocuind (IX) in (VIII yrezulta ecuatia:
x) 8sin’® = —2sin’ =+ 7sin = +3 =0
2 2 2
care prin transformarea Tschirnhaus:

(XI) sing=r+i devine r3+ﬂr+£=0 reR
2 12 48 288

unareala:

r=-0,41074 deci

sin® = 041074+ - = —03274
2 12

rezulta semiunghiul supapei:

— _19°(minusul deriva din modul de

o
2 alegere al sistemului de referinta)
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Se demonstreaza ca ¢(y) are un minim:

) =T sing(l—cosgj(dc —ysina )> 0
oy 2 2
2

—— =g sina sin%(l—cos%)<0 Yo <90°

2

Coeficientul de pierderi prin supapa se obtine
inlocuind (/1) n (X1I)

dN
J2d2+0,07d,.y—0,021y

(i) &(y)=
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Concluzie K
Configuratia determinata reduce turbulenta la deci: Ap~ m
un minim daca a = 38° ceace conduce la o

cadere nominala de presiune minima la

trecerea prin supapa, deoarece: din care la Q = ct Ap scade cand ”’y,, creste in care

K=ct.
p,Q constante

ABGJsic - ST

2

2

1 O .
Ap =& —p == 1ncare
\p észz

M»—a
3
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DEFINING THE WORK OF DEFORMING WEAR-PROOF
IRON-NICKEL PLATING IN MICROSQUEEGING
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Abstract: The research done elastic, plastic and total volume of deformed volume in
micropressing, and the work, expended in deformation and dynamic micro hardness.

Keywords: continuous pressing, micro hardness deformed volumes, springy elastic

and total deformed volume.

1. Introduction

The actual problems of studying physical and
mechanical characteristics of materials in
near — surface layers are caused by the fact
that all the modern methods of processing,
ruggedizing and coupling metals are
connected with contact deformations.

Kinetic micro hardness and hardness tests
open up new possibilities for determining
physical and mechanical properties and
destructions viscosity of wear-proof coverings
[1]. The potentialities of defining elastically
plastic characteristics, deformation work (A,,
A, A, A), the relationship among micro
hardnesses (H/H,, H/H,) of wear-proof iron-
nickel coverings have been expendedin[2, 3].

2. Information

Kinetic micro hardness and hardness tests
open up new possibilities for determining
physical and mechanical properties and
destructions viscosity of wear-proof
coverings.

The study on the deformation of deep and
superficial layers of material under indentor by
putting the grid in the plane of the meridian
section of the model showed that the
deformation of the deep layers of material
when pressing in the pyramid for the metals is
qualitatively identical. Deformations are
maximal along the axis of pressing in at the
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point of maximum shearing stresses. On the
surface of the imprint deformations grow from
the center to the outline, they decrease near
the outline and the direction changes beyond
its limits.

The inversion of the direction of deformation
occurs in the consequence of the fact that in
the imprint and at a certain depth under it the
material experiences axial compression and
broadening in the radial direction. Beyond the
outline of imprint extension of material to the
surface occurs, which is accompanied by axial
broadening and contraction in the radial
direction. In the intermediate directions the
components of axial deformation smoothly
change from the compression along the axis of
pressing in to broadening on the outline of
imprint.

The potentialities of defining elastically plastic
characteristics, deformation work (A, A, A,,
A), the relationship among micro hardnesses
(H/H,, H/H,) of wear-proof iron-nickel
coverings have been expendedin [2,4].
Iron-nickel plating form electrolytes (tab. 6]
were under investigation by the procedure
described in the work [2]. As specimens, were
studied rollers of 30mm in diameter, with
plating 0.5 mm thick and 100 mm in length,
which were treated in optimal polishing
modes.

The depth of elastic restoration (h,), of plastic
and general squeezing (h,, h) were defined by
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the diagram of pressing indentor of springy
(V,), plastic (V,), and total (V) deformed for
elastic (A,), plastic (A,) and total elastic (A)
deformed volumes (kgf-mm) were determined
for one depth of pressing in (h = 2 ym) by the
well-known methods [2,3]. The dynamic
hardness elastic (H, = A/V) was specified as
the ratio of complete work of deforming (A) to
the expelled material volume elastic (V), i.e. as
an average specific work of deformation.

3. The experimental studies

The experimental studies carried out by us
have shown that the dependence of dynamic
micro hardness elastic (H,) upon the current
density of iron-nickel coverings is of extreme
character (fig.1). With the increase of current
density from 5 A/dm® to 50 A/dm?, the dynamic
micro hardness rose from 6540 (H/mm?®) to
9460 (H/mm?®). Of the current density is
increased further from 50 A/dm’ to 80 A/dm?,
the dynamic micro hardness (H,) will decrease
from 9460 H/mm?to 6120 (H/mm?).

On the entire range of increasing current
densities (from 5 A/dm’ to 80 A/dm’) the
volume of elastic deformation of iron-nickel
coverings (V,) rose from 2.08x10* mm’ up to
3.02 x 10°mm’ and the work expended on
plastic deforming of these volumes (A))
increased from 7.37x10"kgf-cm to 26.13x10°
'kgf-cm.

The above data are in good agreement with
the previous studies [2] and show that with rise
of current density from 5 A/dm* to 80 A/dm?,

Noiembrie 2010

has increased the depth of the restored imprint
from 0.24 pm to 0.374 um in the process of

micro identification of iron-nickel coverings.

The dependence of dynamic micro hardness
(H,) and work expended on plastic deforming
of iron-nickel coverings with the increase of
current densities from 5 A/dm?” to 80 A/dm? is of

extreme character (fig.2).

Of the current densities are increased from 5
A/dm* to 50 A/dm? the work of plastic
deformation (A,) will increase from 29.10x10°
'kgf-cm to 33.09x10'kgf-cm. With further
increase of current densities from 50 A/dm? to
80 A/dm’ the work expended for plastic
deformation would decrease from 33.09x10°
'kgf-cm to 21.49x107'kgf-cm. With the rise of
current densities from 5 A/dm?” to 80 A/dm’ the
deformed plastic volume (V,) was reduced
from 4.45x10* kgf-cm’ to 3.51x10” kgf-cm’.
These data have shown that with the increase
of current densities from 5 A/dm* to 80 A/dm’
the depth of plastic imprint (h,) was decreased
from 1.760 um to 1.626 um in micro identifying

iron-nickel coverings.

4. Total work consumed

The dynamic micro hardness dependence (H,)
and total work consumed on iron-nickel plating
deformation with the increase of current
density from 5A/dm?*to 80A/dm” are of extreme
character and the total volume of plastic
deformation (V) impressing at the same value
(h = 2 ym) was a constant quantity (V =

6.53x10” mm’) (fig.3).
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Fig. 1. The influence of current density
on elastic characteristics of iron — nickel coverings.
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When raised current density from 5 to 50
A/dm® the sum total deformation work
increased from 42.72 kgf-mm to 55.26
kgf-mm. With the further increase of current
density from 50 A/dm’ to 80 A/dm?® the sum
total deformation work decreased from 55.26
kgf-mm to 39.98 kgf-mm.

With the temperature of electrolyte from 20°C
to 40°C, the dynamic micro hardness (H,) grew
up from 5780 H/mm?’ to 8460 H/mm?’ and the
work expended for plastic deformation rose
from 19.99 kgf-mm to 33.09 kgf-mm. The sum
total work (A) consumed on deforming the total
volume increased from 37.72 kgf-mm to 55.26
kgf-mm. The work for fragile destruction (A))
grew up from 15.15 kgf-mm to 20.01 kgf-mm.

Noiembrie 2010

In spite of an increase in the dynamic
microhardness, the work, spent on general,
plastic and brittle failure of iron-nickel coatings
with an increase in the temperature of
electrolyte from 20 °C to 40 °C works spent on
the elastic deformation of iron-nickel
sediments decreases from 2.582 to 2.157
kgf-mm.

Of the temperature is further increased from 40
°C to 60 °C, the dynamic micro hardness (H,)
will drop from 8460 H/mm? to 6540 H/mm”’. The
sun total work (A) expended for deforming the
general volume was decreased from 55.26
kgf-mm to 42.72 kgf-mm. The work for fragile
destruction did not practically change. The
work for plastic deformation reduced from
33.09 kgf-mm to 26.33 kgf-mm and work spent
on elastic deformation decreased from 2.157 to
1.415 kgf-mm.

v H, o, A, mgframe
5 o Hy o
Falrd| wgfhane 1
F b L I oV,
200 | 50
4 0 40
3 00 30
2 a00 0
i 1
I 1 r
g0 ¥ 1a 20 a0 40 10 6l ki 80 Dy, a0deed

Fig. 2. The influence of current density on plastic properties of iron — nickel coverings.

It should be pointed put that with the increase
of electrolyte temperature from 20 °C to 60 °C,
the depth of plastic pressing decreased (h,)
from 0.390 pm to 0.298 um; the work
expended for plastic deformation (A ) reduced
from 2.582 kgf-mm to 1.415 kgf-mm and the
depth of plastic pressing (h,) rose from 1.620
umto1.702 um.
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The studies undertaken have shown that the
dynamic micro hardness (H,), the work for
plastic and general deformation (A,, A) and the
work for fragile destruction (A,) are of extreme
character with the change of current density
from 5 A/dm® to 80 A/dm® and electrolyte
temperature from 20°C to 60°C.
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Fig. 3. The influence of current density on dynamic micro hardness (Hd) and the work expended on
deforming Fe-Ni plating in micro squeezing.

Extreme quantities of the above values (H,, A,,
A,, A) coincide with the recommendations
obtained earlier for iron-nickel plating from the
viewpoint of their optimal wear resistance. The
greatest dynamic micro hardness (H,), the
most value of the work expended for springy,
plastic and general deformations of iron-nickel
coverings of iron density of 50 A/dm® and
temperature (T) of 40°C.

5. The possibility of evaluating fragility of
coverings

The possibility of evaluating fragility of
coverings by pressing indentor is of great
importance as in defining by means of other
methods some difficulties arise connected with
plating peeling off the base and their testing
because of low hardness [2].

The increase of current density assists in
fragile destruction of coverings at smaller
critical loads regardless of the solution where
plating occurred which agrees with the
available published data on determining
fragility of coverings by means of flexible
cathode.
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This regularity can be explained by the fact
that increasing current density leads to
increasing the number of micro cracks and
decreasing the plating density. The plating
destruction may arise only after some
preliminary deformation. The intensity of this
accumulation depends on the type of
interatomic bonds, material structure and
deformation conditions.

With the change of conditions of electroplating
the deposit structure and deformation
condition will change either [2]. Pores and
cracks concentrate tensions and reduce
plastic properties of plating raising their
tendency to fragile destruction. The sum total
material porosity is defined by means of
elasticity module E and H/H, ratio [4]. The work
is consumed on the plastic deformation
connected with the preparation of destruction

[1].
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Fig. 4. The effect of current density on unrestored and dynamic micro hardness (H,, H,), on springy
plastic destruction fragility and on sum total work (A, A,, A,, A) in micro squeezing of Fe-Ni.

6. Finalrecommendations

On relation with the statements mentioned
above, it should be noted that the work
connected with energy expenses on springy
and plastic deformation of the volume (V) will
always be more than the sun total of works
connected with springy (A,) and plastic (A,)
deformations in pressing iron-nickel
coverings.

This gives grounds to assume that the
difference of this work [A, =A- (A, + A )] is the
work (A,) expended on the fragile destruction
of plating in squeezing.

Thus, the obtained results have given
possibility for the first time to determine
deformed volumes of iron-nickel plating (V,, V,,
V), the work expended for the plastic
deforming of these volumes (A, A, A) and the
work consumed has frail destruction.

These supplementary and very important data
allow explaining the mechanism and nature of
springy and plastic deformations as well as
frail destruction of iron-nickel plating.
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DEVELOPING A POWERFUL, INNOVATIVE HYDRAULIC SYSTEM OF
TECHNOLOGICAL EQUIPMENTS FOR MODERNIZING THE PRE-STRESSING
AND THE TENSION RELEASE OF THE STRANDS IN THE STRUCTURES OF

PRE-STRESSED CONCRETE

Andrei Grama, Dumitru Zetu, Constantin Chirita, Adrian Constantin Hanganu

Abstract: The need to tensioning the structural concrete is determined by the
fact that the simple concrete or even reinforced concrete is characterized by resistance
at stretching much smaller than the resistance at compression. The rise of resistance at
stretching of reinforced concrete is obtained by prestressing it. The authors of the paper
have made and have experimented a hydraulic equipment of high pressure to stress
and release the prestressed concrete structures presented in this paper.

Keywords: prestressed concrete, reinforcement, prestressing, posttensioning,
hydraulic equipment of high pressure, release, wire, tendon

1. Introduction

Stuctural concrete or even reinforced
concrete is characterised by reduced
resistance at stretching in contrast with the
resistance at compression. This means that
these kinds of concrete should be used only for
building foundations, foundations for heavy
machine tools, foundations for heavy tanks
etc. The concrete structures subjected to very
powerful stretching loading need the stressing
of the reinforcement, producing the
prestressing of the concrete and finally the
growth of resistance at streching. This solution
is necessary for the execution of big roofs for
large industrial assembly rooms, concrete
bridges, platforms of multistoried parking lots,
etc

The structure of uncompressed reinforced
concrete subjected to strong stretching
behaves as in Fig. 1a, where we can notice
that under the action of the loading, cracks
appear in the beams or the plates simply
suported or in console, which can have an
unfavourable evolution. In Fig. 1.b, the shape
of the compressed structure is noticed, and in
Fig. 1.c, the situation of beams or plates under
the loading pressure is shown, a situation in
which the lack of cracks is noticed even if the
loading has much higher values.
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Fig.1- Behaviour of beams/plates of reinforced
concrete and prestressed under load

a - reinforced concrete; b — prestressed
reinforced concrete without load. ¢ — prestressed
reinforced concrete underload;

An intermediate solution which bridges the
gap between the reinforced concrete and the
prestressed one, can be obtained through a
partial prestressing of the concrete structure. If
the reinforced concrete is expected to crack
when the loading is applied and the
prestressed concrete doesn't crack, the
partially prestressed concrete can crack by the
amplification of the loading at the value that
surpasses “the decompression moment”,
moment when the tension in the extreme
fibres of the concrete structure surpasses the
resistance to stretching.
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Prestressing can be achieved by using
steel strands and products of steel strand:
bars, strands and cables, which are greffered
to in general steel ,tendons”. In most of the
applications, these tendons aren't covered for
the protection to corrosion, but there are also
solutions of strands covered with epoxy resin.
In other cases, other materials can be used,
having in their composition non-metal fibres
with high level of resistance at stretching and
which are stable in alkaline environment.

The prestressing of reinforced concrete
structure can be achieved in two ways:

- by pretensioning

- by posttensioning

In the case of prestressed structures, which
normally are achieved in industrial rooms,
reinforcement strands are subjected to
stretching against a retention head before
casting the concrete. After the concrete has
been casted, it is left to strengthen and to
reach the necessary resistance, then the
release of strands from the wires is produced
and their force is transferred to the concrete
structure, compressingit.

The posttensioning is especially achieved,
‘in situ”, involving the installation and the
tensioning of the wire strand or of some
tendons under the shape of bars only after the
concrete has been cast, has solidified and has
reached a minimum resistance to
compression.

Strand tersInn relnase oquip e

Sirdar of pree siressy coacretn

Noiembrie 2010

he plates and beams precompressed through
prestressing are used almost exclusively for
building industrial assembly rooms or storied
parking lots, while posttensioning is especially
used for building ,, in situ”, of concrete bridges
and viaducts; the stressing of anchorage
systems is exclusively achieved through
posttensioning.

2. The structure of hydraulic equipments
in order to obtain prestressed concrete

Producing structures of pre-stressed
concrete by pre-stressing and post-stressing
with equipments made in Romania represents
a problem. Such structures were obtained with
imported structures with reliability problems
that led to the necessity of producing modular
equipments TENSRELAX.

TENSRELAX project oriented to the
development of a category of new products,
complex, innovative, high technology, made
up of a system of modular hydraulic
equipments, for pre-stressing and strand
tension release on the structures of pre-
stressed concrete.

First, through a technical study
concerning force hydraulic technological
equipments realized in Romania and abroad,
there were identified the locations, activities
and technical specifications for these
equipments. (fig.2):

Shnphewarn strands s bress iny
afuiprag nt
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Legend
Electo-lydraubic sowrce of energy for stressing, wath pressures of 700 bar

Stressing jacks for mono-strands made up of wires [ strands [ bars (metallie, polymene, aned
with carbon fikee, of polyrre ranned with fibve glass), with forces of 16 - 25

Abutert span (fixed +mobile), according to girdersection, proportioned at the forces fomn the
stressed strands.

Electro-hydraulic source of energy for the stand of tenson release, with pe sswes of 700 bar

Stand of controlled tension release, forslow tmansfer of pre-stressing force to concrete, with
rollers of 600 — 1000 {f and ccrnrnand installabion of the process, whe nworking at 700 bar

Computenzed system of acquisition, measung, digital display and registening of the
parameters of the effectrve service of tension releass of the shand fiom the pre-stressed
structure.

Fig. 2 Stand for producing girders of pre-stressed concrete by pre-stressing and the equipments
associated with it

9QQQ

TENSRELAX project led to the production of two new prototypes of modular equipments,
flexible, with hydraulic operation, in order to manufacture structures of pre-stressed concrete,
made up of 7 new products (tab. 1), innovative, with functional and technical traits at European
and national level (tab. 2):

Taple ]
Ecpapraent IMbdular product
I
E Mare | Namef code Prototyye s Photo Technical traits
- i peesswre . 700 (ba]
- High presswre output
........................ 0,8 [frin]
: - Low peesswre output ... 6 [1imin]
TENSRELAX e -Oil cagacity. ......... 2 [dn’]

1 for pre- py| panelfor

stre sitg kiressing PHT - Installed power ....... 1,5 [kW]

- Network voltage .. 220 [Vea)

e 13-4 - froquency .............. SO[HZ
-net weight ...........90 [kg]
- desk ware(d) distance
oomtml
Mono-strand - axamum force . 16725 [i]
jack JU160 - courses . 2000 300/ 400/
200/ 2004400/ 500 (]
P2 300 and - o1l capacity ... 069-
raomo-strard L34/1,03201137 (g
Jack JU250- 2,68/ 1,723,35
2000 300/400/ -net weight ... 32
300 524 41-61/ 51-69161-78
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- maxirum foree . 35-100 [t
Mhalti-strand -course ... 120 [rox]
P3| Jack JM 100 - oil capacity............ 1,25 [dm’]
-00 -gpeed .. 0,150,005 [r/mun]
-met weight ... 73 [kg]
- 1 At
T vimatitc maximum pessure ... 700 [ba]
-comrse ... 30 [«
| /ol - maximu Bree ... 250 [t
e SCT — S
o 250 oil capacity. . ., ... 5 [dm’)
-net weight ... 18 [kgl
IVbbile
ahutreent - maxivum force . 400055 [t
Span - no. of openings 34+4/ 33 Eﬁﬂ
P4) CM400/55 -board’s thickess ....... 4)
and fixed -net weight .. 749,279/
abutrnent 2972 o
span CF 400
- maximum pregsure .. 700 [bai]
high presswre outyput . 0,8 [1irean]
T’ff.HSR.EJ.AK Hadinilic -low pressww output. .6 [Liin]
OF ensicn ps ych'al - oil capacity............. 80 [dr®]
“'_le‘“*m W - installed power .......... 4 [KW]
il - network voltage ... 380 [Vca]
- frecuency ... ....... .50 [Ha
- retweight ... 160 [kg)
Flolle r suppord
with mobile miaxd rum foree ..., 510 [oar]
Ph abutment -vertical course ... 200 [ro]
span - honizontal comse . 170 [t
SACCS10- -net weight ............. 3.200 [kel
1560-00
Takle 2
Traits Level
Tepe Narme RO [ EU

funchonal

Sirglecare and mult-core shand pre-stressing “In sityl” (in the dace) or
in stands

Ivhulti-cow shrand tension release “in sty (in the place) orinstands

Ivhilh-come strand post-stressing in construction reneval

Se thng pecisaly the traction or reduc tion power

IMeasunng, acquisition and laying out varation traction or reduction

Technical

power
fowe 1607250 (1], spea 0,2310,12 [tafrean) ; course 2003004007500

[rorn]

fore2x5 50/2x2000 [kN], speed 0,015 [mv/mand, cowrse 1700300 [rom]
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force 3751000 [kN], speed 0,150,005 [rmun] ;, course 120 [mm)

presswe 700 [bar], power 1,5/4 kW], voltage 220380 [Veal ; 50 [Hz)

| strand: diameter 12,1 [rar] , me tallic/composite matenals type

laying out

Precise sething up of 2% of'the force, digital display data acqusibon,

The prototypes produced by developing
experimental models were tested both in the
test laboratory and in situ (in the place); the
products are introduced in production starting
with the month of September 2010.

The achievement of the prestressed
concrete represents a modern important
requirement for the concrete buildings which
are subjected to loads of high value.

The prestressing of the concrete
structures can be achieved through the
prestressing of reinforcement, followed by the
casting and strengthening of the concrete in
moulds and finally, there is a release of the
reinforcement in order to transfer the
compression strength to the concrete.

The prestressing through
posttensioning is usually achieved, “in situ”,
involving the stressing of the reinforcement
after the concrete has been cast and
strengthened.

The structure of a stressing and release
equipment involves the existence of some
subsystems, such as: the casting stand of the
concrete, the stressing device, the release
device of the reinforcement and the
measurement system and the on-line
monitoring of the technological and working
parametres of the equipment (stressing,
stressing strength, release speed, remanent
tensions in reinforcement).
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ANALYTICAL ISSUES RELATED TO INERTIAL MECHANICAL SPEED VARIATOR

Prof. Univ. Dr. Eng. loan POP, Drd. Eng. Marius DENES-POP, Conf. Dr. Eng. Constantin
CHIRITA*, Drd. Eng. Vlad BOCANET, Drd. Eng. Paul VIDICAN

Abstract: The following article wants to present a succinct description of the components and the
kinematics of an inertial mechanical variator. Manual gearboxes have a limited number of gears and
thus offering a fragmented adaptation of the torque to the resistant torque, thereby reducing their
dynamic and economic qualities. Automatic gearboxes have greater complexity and a great number of
components, using high quality materials and thus lead to a low cost-reliability ratio. This new
transmission offers a very promising alternative in terms of production use and maintenance costs as
well as a reduction in fuel consumption of the vehicles equipped with it. This is done by rationally
adapting to the energetic needs of the vehicle by the engine unit.

1. Introduction

First, it should be noted that there are
several variants of inertial mechanical speed
variator. These issues are too complex to
tackle from an analytical and practical point of
view.

Thus, for the sake of brevity, | chose to
show some of the analytical aspects of the
unconventional power transmission system -
type Gogu Constantinescu, illustrated in

Figure 1.

Considering the mechanism in Figure 1,
one of the analytical aspects that can be
debated, is the exit angle from the angle of
entry.

2. Mechanism description

The transmission problem, defined
in its broader sense, as can be seen
below, is as follows: the calculation
and design of a mechanism to perform
the transmission and conversion of
mechanical energy from a prime
mover acting continuously on the input
shaft (primary), to the output shaft
(side) of the mechanism so that,
regardless of the secondary shaft
torque and speed, the primary engine
develops maximum power efficiency.
The above problem can be solved with
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a mechanism,  whose  schematic
representation is shown in Figure 1.

Figure 1. Variant of the unconventional design
of transmission system and power conversion.

The main elements composing the current
cinematic variant are mostly simple (binary)
with rank j = 2, and a complex component
(ternary) with rank j = 3. All couplings,
cinematic mechanism used to connect
elements, are flat and provide a permanent
contact, closed construction point of view.
Couplings are generally reversible in terms of
cinematic. It is the same regardless of the
relative movements of the fixed elements. An
exception occurs in the element of rank j = 3
where the coupling are irreversible.

This design version consists of:

Input shaft (O2)
Auxiliary shaft (O3)
Ballast (F)
Eccentricity (O4D)
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Oscillating Body (CF)

Bar (CB)

One-direction coupling (A)
Actuator arm (EO2B)

Bar (FE)

Arm (O3F)

The operating principle of SNTP is based
on dividing a rotary motion into two
components, one representing an oscillating
motion of the ballast (F), the other as
reciprocating, which is transmitted through
the lever arm actuator (CB EO.B), where,
through a single-purpose device
reciprocating turns in a rotation. This output
shaft is transmitted to O,. The drive arm
(EO2B) is connected to the auxiliary shaft
(O3) through the lever arm and FE OsF,
elements that are designed to synchronize
the movement mechanism.

For dynamic balancing, the
unconventional power transmission system
is composed of two identical mechanisms,
deviate at an angle of 180 °.

As can be seen, SNTP involves a simple
construction, different from the classical
case, in that no gears, no clutch and no
synchronization are used. Also, from a basic
physics principle (F = m - a) we can say that
when we have a small number of rotations
of the input shaft, the inertial force of the
ballast F will be lower, it has therefore a
higher magnitude. As the number of
revolutions to the main shaft increases, the
inertial force of the oscillating mass
becomes increasingly important, and could
thus see a decrease in amplitude of the
oscillation movement ballast. In this case, it
may be seen alternating component
obtained from dividing the movement from
the input shaft, an upward trend, thereby
achieving an increased number of turns on
the output shaft.
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3. Analytical Calculation

The following is a calculation that can be
determined analytically and constructively
optimize the angular values of the output signal
depending on the size of the angle of entry.

{xb =b-sin(f) 0

¥, =b-cos(f)

X, =azte-cos(a)

{yc = e-sin(a) +b, -sin(y) (2)
X, =a+e-cos(a)

{yd =e-sin()

3)
(4)

5)
3y =esina) e siy) g ~ateax(orbsilp) g

y,=y.—CI

Cl = \/alz —(axe-cos(a)+b-sin(f))’

bsify=esicpy sty {ate (@ bsipy| 7

k, =e-sin(a)+b, -sin(y)
k,=axe-cos(a)

k, —b-sin(f8) = \Ja> — (+b-sin( 8))* )

4 =S5+ - 2o 2 i)
(10)

ky =b>

k, = b’

kg =2k -b (1)
k =2k, b

ky=a,—k>—k>

k7=lg-si11(,3)2—k4-cos(,6’)2—k5-cos(ﬂ)+k6‘sin(ﬂ)(12)
Jey =k sin( 3’ +k(1-sin(B)) ks ( 1=sin( B’ )+ -sin( ) (13)
sin(B)’ =x
ky = ky - x+k,(1—x)—k,N1=x) +k, -[x  (14)
ke Nx 4k N—x =k, x+k, —k, - x+k,
ke Nx+k(=x)=x-(k, +k,)+k, +k,

(15)
(16)
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ky+k, =k,
k, +k, =k, (17)

ke Nx 4k (N=x) =k -x+k,

kG- x+2-kg kg x-(1=x) =k, -x+2-k, -k, +k,

(18)
(19)
k62 = ki,
2-ks kg =k,
2-ky ko = ki,
k92 = ki
kgt X~y =k X +(1=x)=h - xhy x+He (21)

2 2
ky-x" 4k, -x"=kg,-x+k, - x—k,-x—k

(20)

> (22)
xz-(k8+k”)—x-(km+k”—k12)+k]3ZO (23)
{k8+k11 :k14

klO +k11 _klz = le (24)
kX kg x+k,=0 (25)
kls_\/k152_4'k14'k13
2'k14
Xpp = 26
k15+\/k152_4'k14'k13 ( )
2']‘714

Analytical expression of the angular
values of the output signal is:

. arcsin(\/z )
- arcsin(—\/z )

(27)

4. Conclusions

The main advantage of this type of
transmission is represented by the
possibility to adapt the energetic needs of
the vehicle to the characteristics of the
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engine unit. By doing this one can improve the
price-reliability ratios, fuel consumption etc.
with significant values compared to classical
systems.

Another essential advantage from a
production point of view is the low production
cost. Vehicles equipped with this kind of inertial
transmissions are easy to use and have low
maintenance costs.

This new transmission offers a very
promising alternative in terms of production use
and maintenance costs as well as a reduction
in fuel consumption of the vehicles equipped
with it. This is done by rationally adapting to the
energetic needs of the vehicle by the engine
unit.
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Abstract: Investigation of the dynamical behavior of mechanical structures, like
bridges for example, needs a device in order to assure the real scale excitation of the
structure. In the same time the exciter should be easily transportable and flexible. The
paper presents the design and dynamical simulation using the multi-domain software
Amesim of the solution that allows mechanical and hydraulic control of the excitation

parameters.

Keywords: vibrations, exciter, hydraulic actuation, multi-domain dynamical

simulation

1. Introduction

Mechanical structures especially designed for
civil structures are exposed to a broad range
of stresses, both under static and more
important dynamical conditions. Different
frequencies and stress amplitudes appearina
random order. Also the structure response
properties, like materials and structure
support, to this inputs play, as for all dynamical
systems a major role in the dynamical
behavior of the structure. This response is the
source of system reliability, usability and
overall mechanical performances.

Therefore, testing of such structures under
different conditions is important in predicting
system performance. An essential component
of the test rig is an oscillation generator that is
applicable usable to excite the mechanical
structures.

2. The working principle of the
hydraulic vibration system

The working principle of the hydraulic vibration
system is based on the alternative movement
of a mass that transfers the mechanical
oscillations to the constraint points of the tested
structure. The alternative movement of the
mass is generated by a hydraulic system. The
principle scheme is presented in figure 1.

Fig. 1: The working principle of the oscillating mass
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The oscillating mass is distributed on two support levers. The design of these elements allows that
additional mass may be added. The individual masses are locked on the lever by a screw system.
This additional system allows changing the position of the masses on the lever. The design assures
two possibilities to influence the overall reaction force that will be generated on the constraints and
directed to the mechanical structure. A possibility is induced by different masses and a possibility
induced by the position of the masses on the lever. This allows that different amplitudes of the
action force may be generated. The mass levers are actuated by a lever system 2, actuated itself by
the hydraulic double-acting cylinder 3. A conventional hydraulic actuation system based on a
hydraulic pump 5 and the directional control valve 4 is used to assure the necessary actuation force
of the hydraulic system.

The working principle may be observed in figure 2 as a successive presentation of the positions of
the system.

Y'Y

a b

A

e d

Fig.2: Successive positions of the masses during the oscillation process
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1. The simulation model of the hydraulic actuation system of the vibration device
The goal of the simulations is to identify the dynamical behavior and influences on the hydraulic
system during operation. For this purpose a multi - domain software, AMESIM was used. The model
is presented in figure 3. The hydraulic pump is driven by a mechanical motor. The model has the
possibility to define different rotational speeds. This feature allows the analysis of different flows.
The directional control valve 2 assures the alternate flow to the working chambers of the double-

acting hydraulic cylinder 3.

3

O

The bass aot oson teEsm

e

The ST oP BT T P P T e

Fig.3: The multi-domain model of the hydraulic actuation system of the
vibration device using the AMESIM software

The shaft of the hydraulic cylinder is connected
via the lever system 5 to the masses 4 that are
propelled in an alternative movement. The
DCV — model allows defining different flow
areas. Also it is possible to use for the DCV
model the working frequency as parameter. At
the hydraulic cylinder level piston and shaft
diameters are the main input parameters,
together with the maximum piston stroke. The
flow losses are defined as flow coefficients at
DCV and cylinder level. Asecond analysis step
is considered by using the pressure control
valve 6, that has the possibility do define the
maximum working pressure in the cylinder.
1. The simulation results and
discussions

The main parameters of the hydraulic
actuation system of the vibration device are
givenintable 1.
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Table |
Parameter Unit | Value
Cylinder mass kg 5
Maximum working - 120
pressure
Working freq uency e | =12
domain




HERVEX

An additional requirement for the hydraulic

system is the symmetrically displacement of

the lever considering a horizontal reference
plane perpendicular to the hydraulic cylinder.
For a constant flow rate of 20 I/min delivered
by the pump, the DCV's generate a flow rate
presented in figure 4, showing peak flows of up
to 35 I/min, at the frequency of 1 Hz. Curve 1is
the flow rate for the mass to be lifted against
the gravity force, curve 2 the flow rate for the
opposed movement and curve 3 the flowrate
delivered at the pressure valve. It can be
observed that most of the time, the pump
delivers the oil to the tank.

1 - PYILZ-1 flow mie ot pot A [LAmom]
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The pressure - flow evolution have as result
the piston displacement presented in figure 6.
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Fig.6: Piston displacement

At the same time a force is induced at piston
level, having an intense dynamic character.

J The evolution is presented in figure 7.
—  HlE2]+ £l = |
'''' 1 [ 4
| “1 -
i | |
_____ LL__, o : i_, ;L[L L0l
=T T T g T 1 e ; | II" ‘ =+ =+t | ‘ =
32 e_dx - 50 59 70 L j:l |'| | ( |
Fig.4: Flow rate at DCV output - J.. | [
20 .
"’ g 3 i ; £ 10

At hydraulic cylinder level the pressure, as it
may be observed in figure 5, shows no change
for the pushing and retrieving phase, despite
the presence of the gravity force for one of the
stroke that is opposed to the mass
displacement.

A presaore &t pan | e

143

120

¥ | Tome [o]

Fig.7: The force at piston rod level

In order to have an image on the dynamical
behavior of the system, the acceleration of the
main lever at the connection point with the
actuation cylinder are presented in figure 8.
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Fig.5: The pressure at cylinder level
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Fig.8: Lever acceleration at connection point
with hydraulic cylinder
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In order to have an overall image of the
displacement of the main lever, three images
of the system in different positions are
presented in figure 9.

Fig.9: Lever position resulted from simulation
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5. Conclusions
The vibration device based on a hydraulic
actuator is a dynamical system that is accurate
controlled by the dynamical actuation
configuration. The main design parameters
could be fulfilled assuring in the same time the
alternative displacement of the levers.
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Studies upon cavitation erosion of the stainless steels
X12CrMoS17 and X22CrNi17
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Abstract:

Paper analyses the cavitation erosion behavior of the stainless steels X12CMoS17 and
X22CrNi17 used for manufacturing hydraulic turbine runners and pump impellers. The
researches were done in the Cavitation Laboratory of the Timisoara Polytechnic
University (LMHT) using a vibratory facility respecting the conditions of the ASTM G32-
2006 Standard. The steel behavior was evaluated both on the ground of microstructure
erosion (through optic and electronic microscopy) and by comparisons with the
reference steel OH12NDL used in Romania and other countries for manufacturing
turbine blades. The similarities and differences of the erosion for the two analyzed
stainless steels are put into evidence. The conclusion is that both steels can be used for
manufacturing blades or runners for hydraulic equipments.

Key words: cavitation erosion, characteristic curves for cavitation erosion, facilities for
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studies upon cavitation erosions

Introduction

The damages produced by cavitation,
especially to the turbine blades, pump
impellers and ship propellers, determined the
researchers to continue the erosion analyze
[3, 4, 8, 9, 10, 11] and to establish which
materials can give the best resistance to this
kind of deteriorations.  This trend was
followed also by the present studies realized
in the Timisoara Hydraulic Machinery
Laboratory upon two stainless steels, with
identical contents of carbon (0.038%) and
with close contents of chromium (16.8% and
18.6%). The studies upon these steels were
determined by the problems occurring in
running of recent refurbished turbines. We
think that a good evaluation criterion is the
comparison with the erosion parameters of
the stainless steel OH12NDL, used in the past
to built details subjected to industrial
cavitation [2].

STUDIED MATERIALS

UCM Resita the manufacturer of the steels
symbolized the researched steels. The
chemical composition presented in Table 1
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was obtained with an optical emission
spectrometer with sparks of the type "Foundry
Master” produced by the German Firm WAS
which is in the possession of the Laboratory
for Optic and Fluorescent X Ray Emission
Spectrometry (LISEOFRX) belonging to the
Center for Special Materials of Bucharest
Polytechnic University. In the same laboratory
was determined also the nature and the
proportion of the micro structural constituents
(steel X12CrMoS17: 60 % martensite and 40
% ferrite; steel X22CrNi17: 80 % martensite
and 20 % ferrite).

The microstructure analyze of the steels was
obtained with the Reichert Metallographic
Microscope and is presented in Figure 1. The
analyzed microstructure is in agreement with
the data established with the Schéffler
diagram, the steels presenting close
component structures characteristics with
relatively fine grains. Both steels have as
major components fine acicular martensite to
which is added ferrite, in various proportions,
disposedinislets.
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Table 1 Chemizal composition of the researched steels

Stael

Chemical slemeant %2

L ai Mn

P 5 Cr Mo Mi

X11)

H1XCrMa517 ) 0058 [ 1.15 ) 313

0.007 | 0018 | 1680 | 2.58 -

x11)

X2ACIELT 0038 | 1.16 | 212

Q.007 | 0016 | 1808 | 1.462 1.62

Fe-rast

a) X12

b) X22

Figure 1. Microstructure aspect of the used stainless steels
(attack nitromuriatic acid with glycerin, x1000)

Test FACILITY and procedure
The cavitation erosion tests were performed
using the vibratory device presented in Figure
2, taking into account the ASTM G32 Standard
[13]. The device parameters are:

-Power500W,

- Vibration frequency 20 0.3 % kHz,

- Double amplitude of vibrations 50 m,

- Specimen diameter 15.8 mm;

- Type of specimen: vibratory.

The working agent was double distilled
water having constant temperature of 21+1°C.
In conformity with the procedure of our
laboratory [14], the total test duration was 165
minutes, divided in 13 periods (one of 5
minutes one of 10 minutes and 11 of 15
minutes). At the
beginning and the end of each period, the
specimen was successively washed with tap
water, double distilled water, alcohol and
acetone and afterward weighted.
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Figure 2 The T2 standard vibratory device

During the waiting periods, the specimens
were maintained in dry atmosphere, to avoid
any influence of the environment upon the
specimen surface.
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From each material three specimens were
tested. The experimental points of the
diagrams presented in the paper are averages
of those three results. After the erosion tests,
there were analyzed two surfaces situated in
perpendicular planes. The first was the
surfaces exposed to cavitation attack. The
second obtained by cutting the specimen was
necessary in order to determine the maximum
penetration depth and the material state under
the eroded area. In order to establish the
structural characteristics, the analyzes were
accomplished by: the optic stereomicroscope
OLYMPUS SZX 7 equipped with the program
quickMicrophoto 2.2 for image processing,
the REICHERT UnivaR metallographic
microscope with an automatic table and a
video camera with adaptor and a system for
image acquisition and the scanning electronic

Noiembrie 2010

Experimental results

Relaying on the mass losses recorded at the
end of each testing period there were obtained
the characteristic curves: the time
dependence of the cumulate mass losses,
Figure 3 and the erosion velocities, Figure 4.
The mass losses and the erosion velocities
presented in the diagrams are the average
values obtained from three specimens tested
foreach material.

In order to evaluate the qualities of the tested
steels, the diagrams present also the results
for the steel OH12NDL, used in the past for
manufacturing numerous hydraulic turbines
andtestedin ourlaboratory.

microscope XL-30-ESEM TMP. 80

60

1-X22
2-X12
- 3-OH1ZNDL

Cumulative mass loss <mg>

20

135
Exposure time <min>

Fig.3 Cumulative Erosion-Time Curves for the tested steels

N ﬂ'ﬁ |
E 1-X22
S, 0.45 2-X12 -
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& ﬂn} b = _,-"'f-
E ’ ‘l - L - - " q'.':--"':. l
15 ﬂil:,: Ll r ; — "-'-‘I- I = . - -
; '_"' #"" : = ; oy
£ ’ ] = \\ 1
u n ol |_ b

] 45 a0 135 180
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Fig.4 Erosion rate against exposure time for the studied steels
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The cavitation erosion evolution and the
comparisons of the specific structural aspects
for different microstructure components was
put into evidence both for the macrostructure
level accomplished with the stereomicroscope
and for the microstructure level accomplished
with the metallographic optic microscope as
well as the scanning electronic microscope.

Mean diameter of the eroded area =13831 m
Percentage of the eroded area = 78.98 %
a) Steel X12

Noiembrie 2010

The macrostructure analyze on the surface
subjected to cavitation accomplished with the
stereomicroscope is presented in the Figure 5.
The eroded surfaces, regardless of the
structure, have an irregular outline and the
eroded area occupies approximately the
same area (78.98% for X12 and 78.95% for
X22).

Mean diameter of the eroded area =14078 m
Percentage of the eroded area = 78.95 %
b) Steel X22

Figure 5. Stereo microstructure of specimens and
measurements of the eroded area (x8)

The maximum penetration depth, determined
after cutting the specimens has values
between 135 m (for the steel X12) and 233 m
(for the steel X22), as can be seen in Figure 6

s Bl

(marire 8 x)

DP, =233m

a) Otel X22

Suggesting a greater cavitation erosion
resistance of the steel X12 conclusion which is
in contradiction with the data of Figures 3, 4
and Table 2.

(marire 8 x)
DP, =135m
b) Otel X12

Figure 6. Erosion maximum penetration depth
(stereo microscope images)
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In Figure 7 it can be seen the damages at the
micro structural level as well as the zone
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a) Steel X12
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hardened by the implosion of the cavitation
bubbles [7, 8, 12] of the layer adjacent to the
eroded area.

: -
= i =
S, -
*.-4';. ==
R
—_ T =
e - -
= i - '-..'_- -
=5 - =1L
b) Steel X22

Fig.7 Aspects of microstructure damages and hardening under the eroded area
(attack: nitromuriatic acid with glycerin, x100)

Results ANALYZE. DISCUSSIONS

a. Results analyze on the ground of
characteristic curves and fractographic
images

The data from Fig. 3 and 4 and the comparison
with the martensitic steel OH12NDL (0.1 %C,
12.8 %Cr, 1.25 %Ni, 74% martensite, 26%
ferrite) [2] show that both the studied steels
have better cavitation erosion resistance.
Comparing the two investigated steels, it
results that X22 (with 80% martensite) has the
best erosion resistance. This behavior is due
by the increased percentage of martensite, the
constituent with the greatest resistance to
cavitation erosion [2].

The scatter of the measured points (Figure 4)
is the result of the coarse grains obtained in
the casting procedure and entirely expelled
during the cavitation attack, and are in good
agreement with the images of the eroded
areas (Figures 5and 8). The images in Figures
6 (maximum penetration depth) and 7 sustain
also this conclusion.
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The analyze of the images in Figure 6 show
that the maximum penetration depth,
measured when the tests were concluded,
differs for the two studied stainless steels and
are in contradiction with the characteristic
curves evolution and the values of the specific
parameters v, and R (see Table 2). This
result are in agreement with the studies
realized in the Project [D-34-2007 [16] in
which it was concluded that the maximum
penetration depth DP,, depends on the
dimensions of crystalline grains and is not
suitable for material comparisons. Perhaps it
could be used for appreciating the behavior of
materials on the ground of the manufacturing
procedure. Our experience accumulated in
over 40 years of researches in the field, leads
us to appreciate that the mean penetration
depth (recommended also in the Standard
G32) is the best parameter for comparing the
resistance of various materials to cavitation
erosion.
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b) Steel X22

Figure 8. SEM images of specimens (100x)

The images in Figure 7 show a very tiny zone,
in the immediate vicinity of the erosions,
subjected to local deformations. This zone is
created by the repetitive impacts of the
collapsing bubbles [5, 6, 13].

The analyze of the images obtained with
electronic microscopy, Figure 8 put into
evidence the following evolution of the
microstructure damages

1. Steel X11

0 Mix aspect with fine and coarse
caverns uniformly distributed on the surface,
with cleavage ruptures and inters grain
cracks,

0 Fragile fracture with inter
grain propagation and numerous secondary
fine fissures.

2, Steel X22

0 Cavitation fragile fractures with fine
(5-10 m) and coarse caverns uniform
distributed on the attacked area,

O Existence of fine secondary
cracks and zones with cleavage ruptures.

In Table 2, the cavitation erosion resistance of
the studied steels is evaluated on the ground of
the parameter Rns, using as reference the
stabile erosion rate of the steel OH12NDL [16].

Table 2 Comparison cavitation erosion resistance, using OH12NDL as reference steel

Parameter X12 X22
Vs [mg/min]| 0.188 0.107
Rns 0.75 043

Data of Table 2 confirm the analyses
undertaken with the characteristic curves in
Figure 3, 4, and show that both steels have
good erosion resistances but the steel X22 is
better than X12. Finally, we consider that the
studied steels, having different chromium
contents and with enough different
metallographic structures obtained similar
cavitation erosion behavior. For improving
the selection, the possibility of repair by
welding must also be taken into consideration.
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Conclusions

1. The studied steels present good and
very good resistance against cavitation
erosion better than the reference steel
OH12NDL and as a consequence both steels
can be used in manufacturing pieces
subjected to such erosions.

2. Analyze of steels manufactured with
controlled contents of chromium and reduced
carbon content (under 0.1 %) gives profound
knowledge regarding the behavior of the
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chemical composition and offer the possibility
to find the optimum content of chemical
components.

3. Our opinion is that the use of the maximum
depth penetration (DP,_,,), measured for the
final testing period does not represent a good
parameter to state the cavitation erosion
behavior, because it depends essentially on
the dimensions of the excavated grains. The
mean penetration depth, computed on the
ground of the cumulative volume loss
(recommended also by ASME G32 Standard)
is more reliable and we strongly recommend
its use. Eventually, the maximum penetration
depth may be used to study the behavior of
materials with different grain dimensions
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SOUND ANALYSIS OF THE FIRST VERSION OF THE GEARLESS AND
CLUTCHLESS NON-SYNCHRONOUS TRANSMISSION

Prof. Univ. Dr. Eng. loan POP, Drd. Eng. Vlad BOCANET, Prof Dr. Eng. lulian
LUPEA, Conf. Dr. Eng. Constantin CHIRITA*, Drd. Eng. Marius DENES-POP, Drd.
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Abstract: The gearless and clutchless non-synchronous transmission is somewhat
similar to a modern automatic transmission. As one of the objectives would be to
include it into commercial cars, one must take into account the sound generated while
the transmission is in operation. In this sense the transmission was connected to a
small engine dynamometer while driven by a 2.2 kW electrical motor. During this time
the vibration level was measured with a PCB microphone. The tests were done both
under partial and full load, with the input frequencies ranging from 5 to 50 Hz.

Keywords: gearless, clutchless, non-synchronous transmission, sound analysis,

vibration level.

1. Introduction

The automotive industry has high quality
standard for its components. One of the
necessities of rising to these standards is
controlling the noise level of the moving
components. To be able to control the noise
level, one must first identify the sources and
analyze the sound component to be able to
soundproofitaccordingly.

2. Octave Analysis

The range of 20 Hz to 20,000 Hz is called
the audible frequency range and used in
octave analysis although it reflects the actual
capability of only a small percentage of the
population. The entire audible frequency
range can be divided into eight or 24 frequency
bands known as octave bands or one-third
octave bands, respectively, for analysis. [1]

Octave analysis is performed with a bank
of parallel bandpass filters. The output of each
filter then is averaged to compute the power in
each band and displayed as a bar graph.
Octave band filters can be either passive or
active analog filters that operate on
continuous-time signals or analog and digital
filters that operate on discrete-time signals.
Traditional octave analyzers typically used
analog filters, but computers host-based
octave analyzers most often use digital filters.

[1]
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Due to the computational load of one-
third octave analysis, analyzers often
synthesized one-third octave bands from FFT
data by assigning the energy from appropriate
bins to a particular proportional band filter. This
method has drawbacks due to leakage. [1]

3. Signals

A signal is a set of data or information.
Examples include a telephone or television
signal, monthly sales of a corporation or daily
closing prices of a stock market. In all these
examples, the signals are functions of the
independent variable time.

Signals may be processed further by

systems, which may modify them or extract
additional information from them. A system is
an entity that processes a set of signals
(inputs) to yield another set of signals
(outputs). A system may be made up of
physical components, as in electrical,
mechanical, or hydraulic systems (hardware
realization), or it may be an algorithm that
computes an output from an input signal
(software realization).
The size of any entity is a number that
indicates the largeness or strength of that
entity. Arguing in this manner, we may consider
the area under a signal x(t) as a possible
measure of its size, because it takes account
not only of the amplitude but also of the
duration.
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However, this will be a defective measure
because even for a large signal x(t), its positive
and negative areas could cancel each other
out, indicating a signal of smaller size. The
difficulty can be corrected by defining the
signal size as the area under x2(t), which is
always positive. We call this measure the
signal energy Ex, defined (for a real signal) as:
E, =[xt (3.1)

There are also other possible measures
of signal size, such as the area under |x(t)].
The energy measure, however, is not only
more tractable mathematically butis also more
meaningful in the sense that it is indicative of
the energy that can be extracted from the
signal.

The signal energy must be finite for it to
be a meaningful measure of the signal size. A
necessary condition for the energy to be finite
is that the signal amplitude — 0 as |t| > o°.
Otherwise the integral in equation 3.1 will not
converge.

When the amplitude of x(t) does not — 0
as |t|— oo the signal energy is infinite. A more
meaningful measure of the signal size in such
a case would be the time average of the
energy, if it exists. This measure is called the
power of the signal. For a signal x(t), we define
its power Px as:

P_~lim ;— [

¥ (r)dt with T—o0 (3.2)

There are several classes of signals. The most
importantare:

1.Continuous-time and discrete-time signals
2. Analog and digital signals

3. Periodic and aperiodic signals

4.nEnergy and power signals

5. Deterministic and probabilistic signals

1. Continuous-time and discrete-time signals

A signal that is specified for a continuum
of values of time t is a continuous-time signal,
and a signal that is specified only at discrete
values of tis a discrete-time signal.
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2. Analog and digital signals

A signal whose amplitude can take on
any value in a continuous range is an analog
signal. This means that analog signal
amplitude can take on an infinite number of
values. A digital signal, on the other hand, is
one whose amplitude can take on only a finite
number of values.
3. Periodic and aperiodic signals

A signal x(t) is said to be periodic if for
some positive constant T,
x(#)=x{t=1,) forall t (3.3)

The smallest value of TO that satisfies the
periodic condition of Equation 1.3 is the
fundamental period of x(t). A signal is
aperiodicifitis not periodic.
1. Energy and power signals

A signal with a finite energy is an energy
signal, and a signal with finite and nonzero
power is a power signal. Observe that power is
the time average of energy.
2. Deterministic and probabilistic signals

A signal, whose physical description is
known completely, either in a mathematical
form or a graphical form, is a deterministic
signal. A signal whose values cannot be
predicted precisely but are known only in
terms of probabilistic description, such as
mean value or mean-squared value, is a
random signal. [2]

4. The time system constant

Like human beings, systems have a
certain response time. In other words, when
an input (stimulus) is applied to a system, a
certain amount of time elapses before the
system fully responds to that input. This time
lag or response time is called the system time
constant. The system time constant indicates
how fast the systemis.

A larger time constant implies a sluggish
system because the system takes longer to
respond to an input. Such a system cannot
respond efficiently to rapid variations in the
input. In contrast, a smaller tie constant
indicates that the system is capable to
responding to rapid variations in the input.
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Thus there is a direct connection
between a system's time constant and its
filtering properties.

A high-frequency sinusoid varies rapidly
with time. A system with a large time constant
will not be able to respond well to this input.
Therefore, such a system will suppress rapidly
varying (high-frequency) sinusoids and other
high frequency signals, thereby acting as a
lowpass filter (a filter allowing the transmission
of low-frequency signals only). A system with a
time constant Th acts as a lowpass filter having
a cut-off frequency of fc = 1/ Th Hertz, so that
sinusoids with frequencies below fc Hertz are
transmitted reasonably well, while those with
frequencies above fc Hz are suppressed.

The frequency fc is also known as the
bandwidth of the system because the system
transmits or passes sinusoidal components
with frequencies below fc while attenuating
components with frequencies above fc. Of
course, the transmission in system behavior is
gradual. There is no dramatic change in the
system behaviouratfc=1/Th. [3]

5. Analysis of the signal
extracting of main features

After the signal has been acquired from the
sensors, amplified, filtered, and stored it must be
analyzed. There are different methods that can be
applied. The signal can be analyzed in Time and
Frequency domains.

and

Time domain
Analysis in the time domain includes:

absolute and weighted values
trends, discharges the mean curves
statistical parameters (mean,
distribution, frequency distribution,
variance, skewness, kurtosis, etc.)
parameters of the spectra [4]

For the analysis in time domain the raw
values and the RMS are the main value of the
signal in question.

The raw value represents the unfiltered,
unprocessed by mathematical calculation
acoustic emission signal from a certain
frequency range. The analysis of the raw value
is limited usually to the evaluation of the event
rate. The eventrate is described by the number
of bursts per unittime.
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From studies of the mechanical vibration

is known that the determination of the RMS
signal value (root-mean-square value) is an
appropriate size for the characterization of the
vibration strength of a signal [5]
The time evolution of the actual values
(URMS) gives essential information about the
process state. Consequently, there is a
correlation between the signal energy AE,
which is released in a time period AT, and the
RMS signal of acoustic emission according to
the equation:

AL~ U2, -AT (5.1)

The URMS value is calculated with the
formula:

|

: 1 a (5.2)
£, — - ekt
LLELY T I'I
Orfrom discrete values with the formula:
l (2]
wv— - Z (5-3)

-

r' 1

With the help of statistics we can derive
different characteristics both from the raw and
the URMS signal. The most important is the
average USTAT. The average is calculated
according to the equation:

21

The standard deviation o can be
determined with the formula:

l—] 'Z(Xf - Xy

It helps to draw conclusions about the
average dispersion of the measurement of a
signal whose mean value is known. Thus it
represents a measure of the dynamics of the
signal.

Skewness S (symmetry) and kurtosis K
(flatness, curvature) may be calculated with
the following formulas:

S = i.z{{?"ff —;’5)3 ]

A T J

(5.4)

_m]"d"'_

(5.5)

(5.6)
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(5.7)

1
E=". E
n =

The skewness is a measure of the distortion of
the distribution function. Avalue of zero means
a normal distribution. If there are more values
below the mean, the skewness is negative,
otherwise it is positive. The kurtosis describes
the width of a distribution function. A kurtosis
greater than zero indicates that a large
number of readings are in the vicinity of the
average. Conversely, a negative value means
that many measurements are away from the
mean value. [6]

[y 4
(X, X’)} ;

e

Frequency domain

It is possible that not all the important
features are available in the time domain and
therefore it is possible to transform the signal.
The goal of a signal transformation (for
example, from the time in the frequency
domain) is to provide information that is not
visible in the time domain. This transformation
from the time into the frequency domain is
made by use of the Fast Fourier Transform
(FFT).

The FFT algorithm is an extremely
efficient way of calculating the so-called
Discrete Fourier Transform (DFT). The actual
equation for the forward transformis:

A _I__ZE.T.'...'.'
Gk) = %ZHDF} e v (5.8)
N -0
and for the inverse transform is:
Nl g ke
gln)= z Gik)y-e " (5.9)

=1l

where G(k) represents the spectrum
values at the N discrete frequencies k Af, and
g(n) represents samples of the time function at
the N discrete time points nAt.

Whereas the Fourier transform equations
are infinite integrals of continuous functions,
the above equations are finite sums, but
otherwise they will be seen to have similar
properties. [BRO84]
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6. Experiment
The experimental stand (1) presented in figure
6.1 consists of:
- ATherpa small engine dynamometer (2);
- The gearless clutchless non-synchronous
transmission (3);
-A2,2kW /3000 rot/min electrical engine (4);
- An inverter for changing the speed of the
engine (5);
- APCB microphone (6);

An acquisition card from National
Instruments (7);
- A computer (8) with a monitor (9) placed on a
desk (10);
Acquisition and analysis software;

1 10

9o— | 4 t

v Z—E

3

2 m 6
4
§5

Fig. 6.1 The experimental stand

The transmission is connected to the
small engine dynamometer and is driven by
the motor. The microphone is placed at a
distance of 1m from the source. The signal is
then acquired by an acquisition card and then
transmitted to the PC where the signal
processing will take place.

A photo of the gearless, clutchless non-
synchronous transmission is shown in figure
6.2.



Fig. 6.2 The gearless, clutchless non-
synchronous transmission

In this case the analysis was done in the
sound domain with a frequency range between
125 Hz and 10,000 Hz. The chosen bandwidth
was 1/24 octave as shown in the figure 6.3.

I |||||.a.

Fig. 6.3 The sound frequency configuration at a
motor speed of 35 Hz

The motor speed was varied from 5 Hz to 50
Hz with a step of 10 Hz. There were two sets of
trials, one with partial load and one with full
load. In figure 6.4 one can observe an example
of the sound level and the waveform recorded.

S2n4 GFUD ST TOON TEED TSI TEE0 G000, GECT ALCH G5 390 620, LdaE
Sound el off(A) e ST Fa
FAE

IITLIE
&n

lIE
WLTE

Fig. 6.4 The time waveform and sound level at
a motor speed of 15 Hz
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7. Resultand conclusions

After acquiring the signal, we can analyse it. In
both cases, with a partial load and full load, we
could determine some mean values for every
step corresponding to the motor speed.

As shown in Figure 7.1 the mean values grew
from around 55dB at 5Hz to 84.5 dB at 50Hz.
Although the curves look similar, one can
observe that in the case where the load is at
50% there is a slightincrease in the sound level
at a frequency of 15Hz. This seems to be the
systems resonance frequency. This effect
disappears when fully loaded.

1)

Sound level (dB)

Frequency (Hz)

—= o] 3% ——bLowd LDOS

Fig. 7.1 Evolution of the sound level

Another thing to be taken into account is the
surrounding environment noise. There are
multiple sources that need to be filtered out,
like computer fan noise, stand table resonance
sound, etc.

To be able to fully soundproof this type of
component other tests must be done, for
example with different soundproofing
materials.
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DYNAMIC VISCOSITY IN VARIABLE TEMERATURE AND PRESSURE
CONDITIONS
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Abstract

From the earliest days of scientific studies on lubrication, the importance of
lubricant viscosity has been recognized. The performance of the equipments and
machines that use lubricants is decisively influenced by the variation of viscosity
depending on pressure and temperature. The paper succinctly presents the installation
that has been used, the testing methods as well as part of the measurements. The
analysis of experimental results bears out the interdependence between viscosity on
the one hand, and pressure—temperature on the other hand. The results are

synthetically shown on three diagrams.

Keywords

viscometer, temperature, pressure, lubricant, transducer, thermostat

Nomenclatmre
t { s] ball fall time
[dyz l J evlinder ¢onstant
ans St
& [.‘Hz] value read on the scale of the
device
n [Pa g viscosity oil

o [ £g/nr'] density metal ball

o, [ £/’ ] density oil
v, [H,] frequency el cetrical network

L [5'1]
£ [

Introduction

The role and importance of lubricants in
the friction, wear and lubrication processes is
well-known.

It is also known that, no matter its nature,
the lubricant represents the third body
between two moving surfaces of all kinds of
bearings, [1].

speed gradient

viscometer constant
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One of most important attributes of
lubricants is viscosity. A usual estimation of
liquid lubricant's viscosity is done by liquid
physics; at least for ordinary liquids, [2]. But,
even in these conditions, the fluid viscosity
results as an intricate function depending on
pressure and temperature [3, 4]. If the
pressure increases, the number and volume
of liquid vacancies goes down, so that there is
indirect pressure dependence. Lubricants are
usually used on a large scale of pressures and
temperatures.

The need to know the simultaneous
dependence of viscosity on pressure and
temperature arises from the fact that it
influences the technical performances of
usually used mechanical systems as:
hydrodynamic radial and axial bearings,
elastohydrodynamic variators, slide ways,
etc.

Liquid physics offers only intricate
information with low-range validity, so that the
simultaneous dependence of viscosity on
pressure and temperature has to be
experimentally determined.
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System for Viscosity Measurements

The measuring device is shown in figure 1.

The three main parts of this system are: the
electronic ball viscometer 1, the electronic
falling time measuring system 2, the oil's
thermostat 3. The ball viscometer is based
upon the principle of the free falling of a solid
into a liquid. It also includes a pressure
creating and increasing system 10 (0.1 MPa —
100 MPa) and a pressure transducer 4. The
falling space is limited by two pick-ups 5and 7,
so that the solid's falling time can be precisely
determined by the electronic measuring
system 2.
The oil to be tested is introduced in cylinder 9;
itis calculated to resist to 100 MPa. Cylinder 6,
concentric with cylinder 9, ensures the
recirculation of the oil coming from the
thermostat.

F

10

3\[_

?_f’{

G "] ) e
o { 7/

A —— /

0 L o

Figure 1. System for viscosity measurements
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Some prerequisite conditions had to be
constructively imposed in order to prevent the
distortion of measured values:

1. A constant interspace has to be between
the falling solid (a metal ball) and the cylinder's
inner diameter (the oil is poured into the
cylinder).

2. The metal ball has to be kept in the
normal position. This is done by means of an
electromagnetic field, created by coil 8. Coil 8
is far enough from pick-ups 5 and 7, so that the
ball's speed would be steadied when it passes
by them. Another measurement concerns the
bringing back of the ball by dumping the
viscometer and its bringing back again to the
initial position, till the metal ball would be
caught by the electromagnetic field of coil 8.

Experimental results

The method may be used with all kinds of
oils. The measurement steps are:
a) determining the viscometer constant (K). A
standard Rheotest II, a German apparatus,
has been used to measure the dynamic
viscosity n in usual conditions — at air pressure
and a temperature range between 17—100°C.
By means of the measured parameters,
respectively those indicated in the apparatus's
technical manual, the dynamic viscosity is
calculated using the relation:

(1)

-1

n=833. 5

PV

The same conditions have been used to
determine the metal ball's falling time in the
electronic viscometer. In order to calculate n
we have used the following relation, [5]:

(2)

where: tis the ball's falling time between pick-ups 7
and 5. Considering the notation K{p, — p,) = X
we have obtained:
n, = K, 1, (3)
b) we have used the following oils: T90
and K40. For each real case, viscosity has
determined using the relation (3). The
viscometer's constant and the falling time had
been known, so that we have determined the
oil's viscosity for different values of pressures

n-Kip,—p)-t
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and temperatures.
The steps by measuring were Ap=5 MPa, and respectively At=10°C.

Noiembrie 2010

The pressure value was limited to 60 MPa by the maximum pressure of transducer. In the both
cases the approximate values of constants are the following: K =0.0034042802, X, = 0.014

c) the experimental results are synthetically shown in the figures 2 — 4.

4
1[Pa-s]
0F
Ta0
0.5 1 6107
04 4
03 1 jmf\ |
4107 ~ \*-
ﬂ.?-' 31[]-.'
2107
014 osit-
0.01-10°
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Figure 2. The vanation of viscosity depending on pressure and temperature [T90]
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Figure 3. The vanation of viscosity depending on pressure and temperature [ G40
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Figure 4, The vanation of viscosity depending on pressure and temperature

Conclusions

Some authors say that pressures lower
than 100 MPa do not influence viscosity; the
pressure variation may be neglected.

We have observed that viscosity is highly

influenced by pressures lower than 100 MPa.
There are inflexion points on the curvesy,
they have in common the same temperature.
There are three domains:

1. for p<50 MPa and t<80°C, when An =0;

2. fort>90°C, then no matter what the pressure
is, the viscosity variation is low for both kinds of
oils and we may consider a mean value,

3.for p>50 MPa and t<80°C, when the
variations of viscosity are high.

K -

100
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INCREMENTAL PNEUMO-HYDRAULIC POSITIONING UNIT

Prof. dr.eng. Mihai Avram, Prof.dr.eng. Constantin Bucsan, Eng. Victor Constantin

Politehnica University of Bucharest

Abstract: The paper presents the principal aspects regarding the pneumatic actuating
systems used in robotics, focusing on the positioning units with a limited stop points.
The methods used to stop the actuated load are discussed and two pneumatic
positioning systems using classic linear pneumatic motors are described. A specially
designed linear incremental pneumo-hydraulic positioning unit is presented and also
the experimental model built by the authors.

Key words: pneumo-hydraulic, incremental, positioning unit

1. Introduction
Pneumatic actuating systems are frequently
used in robotics despite their working fluid
disadvantages (high compressibility and low
viscosity). The explanation rests in the
undoubted qualities of this type of actuation:
stamina, simplicity in construction,
productivity, high reliability, lower costs and
last but not least the fact that pneumatic
systems are environmental friendly. Such
systems are generally used when:
- average values of forces and
torques are needed,;
- the moving speed of the load must
not vary strictly according to a certain low;
- the positioning of the load must not
be of high accuracy;
- the operating conditions are severe
(detonation or fire danger, humidity, etc.);
- certain sanitation standards must
be strictly respected (food
pharmaceutical industry, nuclear technique,
etc.).

The pneumatic actuating systems are

industry,

challenging the other types of actuating
systems (electrical, hydraulically, mechanical)
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in many cases, but there are certain
applications where the pneumatic systems are
exclusively used, beingirreplaceable.

Conclusively, the pneumatic actuated
robots are used when the load is not very
heavy and the positioning accuracy is not very
high.
A large number of robots are built combining
rotational and translational units. On the other
hand, such a unit may be used in a large
number of lower complexity applications,
requiring an imposed positioning accuracy of
the load. In this cases it is more cost-effective
to use such a unit or combinations of units
instead of using a robot. This is the reason the
producers offer a large variety of pneumatic

positioning units:

- horizontal and vertical linear units;

- running bridge type actuating units;

- oscillating units;

- rotation units.

There are also offered some modules having
well defined functions, such as:

- universal and specialized mechanical
grippers;
- sensing units;

- controllers;

- safety systems;

- software modules;

- programming units, etc.
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All these are produced in a large range of
typo-dimensions. Choosing the units and the
modules and their assembly must be done
according to the informations given by the
manufacturers. Every module is designed in
order to assure a quick and safe connection
with the other modules. Some modules
feature special centring functions.

In most applications a linear unit must
position the actuated load with an imposed
accuracy, either in a limited number of points
along the stroke, or in any point of the stroke.
The mobile assembly movement may be:
alternative linear, alternative rotational or
rotational with an unlimited angle. Accordingly,
the motor of the system may be: a linear motor
(a cylinder or a membrane chamber), an
oscillating motor or a rotational motor.

A known disadvantage of the pneumatic
actuating systems
positioning of the actuated load can be

is that the accurate

obtained only for a few number of points along
the stroke.

Noiembrie 2010

This points may be the limits of the stroke or
some intermediary points established by
mechanical stops. The positioning in any other
point is difficult to control because of the
compressibility of the air.

2. Positioning units with a limited stop

points

For a limited number of stops there are built
pneumatic units that meet this requirement,
generally using two types of motors:

- aclassiclinear pneumatic motor, or

- aspecially built pneumatic motor.
In the first case (figure 1) the stoppage of the
mobile assembly is achieved at the stroke
ends (materialized by the lids of the linear
motor or by specially mounted stops) or at
intermediate stops; significant dynamic
loading are generated because of the impact
between the mobile assembly and the fixed
part. The stoppage of the actuated load must
be controlled even in the case of a variable

load.
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Fig. 1 Preumsie uait vsing aclasie near prewmatic motor
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The braking process must not rudely begin
and the end of the process has to take place
without back stroke, in the shortest time
possible. There are many solutions for the
stoppage of the actuated load, as follows [2]:

- stoppage on rubbery rings or springs;
- aircushion braking;

- using hydraulic dampers;

- usingindustrial shock dampers;

- using progressive dampers.

Figure 2 shows the variation of the braking
force along the braking stroke, )(ffxfF=, for the
solutions mentioned above. The rubbery rings
and springs assure a linear characteristic
(figure 2, curve "1"), with a shortly ramp and
the tendency to stow more energy than the
absorbed one, thus producing back stroke
effects and significant shocks. This method is
recommended when the displacement speed
and the load are reduced.

The air cushion braking (figure 2, curve "2")
assures a maximum braking force at the end of
the braking stroke, meaning that a large
amount of the kinetic energy is absorbed at
this point. Considerable loadings depending
on the weight and the speed of the actuated
load appear atthe end of the braking stroke.
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Fig. 2 The variation of the braking force
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When the energy to be damped is to large,
external hydraulic dampers are used (figure 3,
a). This is the simplest braking method. The
braking force (figure 2, curve "3") shows a
maximum immediately after the start of the
braking process, when the largest amount of
energy is absorbed. Thus braking forces
greater then necessary are generated.

Fig. 3 a) Hydraulic damper; b) Industrial shock damper

When industrial shock dampers are used
(figure 3, b) the braking force is nearly
constant (figure 2, curve "4"). The energy of
the mobile assembly is absorbed with a
constant rate, without shocks or back strokes,
and the dynamicloadings are lower.

Figure 4 shows a comparison between an
industrial damper and a simple hydraulic
damper taking into consideration the

(figure 4, a) and (figure 4, b)
characteristics. The hachured surface
represents the mechanical work spent during
braking. Making the assumption that the
mechanical works of the two dampers are
equal, figure 4, b shows a braking time for the
industrial damper 60% shorter then for the
simple hydraulic dampfer This is thé red$én
why industrial dampers e argely used.

The progressive dampers are used by
FESTO for a part of the offered translation
units. Their characteristic (figure 2, curve "5")
shows a long ramp, thus the dynamic loadings
are lower and the initial oscillations are
reduced.

Fig. 4 a) The vanafion of the bmaking force; b) The vanation of the bmking speed
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The producers offer a series of methods in
order to choose correctly and quickly the
appropriately damper for the specified
application. The impact force, the weight and
the speed of the actuated load are required.

There are also other ways to accomplish
fast and controlled approach and stoppage at
the desired points. Figure 5 shows such an
example. The actuated system includes a
linear potentiometer Tp, the stroke end
controller C, the adjustable stops OM, and
OM, and the proportional distributor DP.

T
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There are no stroke end shock dampers.
The C controller features a number of inputs
for the system parameters: the actuated load,
the resistant force, data regarding the
constructive parameters of the cylinder. The
controller "learns" the working distance and
assures an accurate positioning, even if some
perturbations apear while working
(modifications of the weight and the resistance
force). The repeatability is 0,07 mm.

rIIIIIIIIIIrfIIiIIIIITIIIJII1Ilrl[lll!l[tltllllj_-

SM

. i ; +
ML__| A
] p
! A"
- 7
ntf:r X «—» X OM;
A B DpP
'14 L Lia | W
4/ (V| O | [»
lf Yi1TiITTTlT *%ﬂ
ch AR \

-

_JI

Fig. 5 Pneumafic positioning system using a proportional distributor

3. Incremental pneumo-hydraulic positioning
unit

Figure 6 shows the principle scheme of a
specially built linear positioning unit [3]. A
number of binary charger cylinders are used -
4 in the considered scheme - having the
following characteristics:

the strokes of the pistons are:

1] 5| ¥
T i £ * LA

By

and 2°.x,

; the value of the increment x, and the
strokes may be modified choosing the right
lengths of the stops O,, O,, O,and O,;

the chambers having the volumes V,,
V,, V,, and V, are connected to the chamber of
the main cylinder having the volume V; all this
chambers are filled with oil.

1.I| &
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If the four electromagnets EM,...EM, are
commanded using a binary logic, the actuated
load may be positioned in 16 distinct points.

Figure 7 shows a view of the experimental
model.

Another examples of such units are presented
in [3].
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Fig. 6 Incremental pneumo-hydraulic positi oning unit
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4. Conclusions

Pneumatic actuating systems are more and more used in robotics especially because they are
non polluting and the problem of accurate positioning is often solved using different solutions to
improve this characteristic, as described in the paper. The designed and built experimental model
presented is subject for further studies.
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Abstract:

Recent surveys show that in small and medium sized companies (SMEs) “e-Skills”,
necessary in order to implement and use successfully information and communication
technologies (ICT) for their work and business, are missing. In this paper three
categories of “e-Skills are presented as well as contribution of e-Learning and
foresight scenarios to achieve such skills. Examples of projects in this context are also

given

1. Introduction

Itis known that ICT technologies offering new
communication facilities with faster
information retrieval and flexible manipulation
possibilities, as well as the advent of the in
house networking and development of more
powerful electronic communications, will
impact business productivity in all companies.

Every recent survey covering the business
domain implementing and using ICT shows an
evident skill shortage at the top of the list on
conclusions but it is conspicuous that the
availability of adequate skills (e-Skills)
represents a key condition for successful
innovation and for the competitiveness of
European enterprises. The demand for “e-
Skills”, that is skills needed to access and use
electronic information to function effectively,
socially and economically, at home as well as
at work (eLearning Glossary), increased
drastically with the growth of e-Business. In
this perspective, as from the i2010 initiative —
A European Information Society for growth
and employment: “a new era of 'e-business
solutions' is coming, based on integrated ICT

solutions, secure web-services and
‘collaboration tools' to raise worker
productivity.
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New developments indicate that the use of ICT
will increase in the next years. It is also
essential to adapt the working environment
through efficient use of ICT at the workplace
and for a flexible organisation of safe and high
quality work” (European e-Skills Newsletter,
2006).

The term “e-Skills” encompasses a wide range
of capabilities (knowledge, skills and
competences) and issues, where “e-Skills”
concept in spanning over a number of
economic and social dimensions.

At present, one critical problem is that
European and national programmes showed
the importance of digital technologies and of
the Internet, especially for Small and Medium
Sized Enterprises (SMEs), without providing a
consolidated set of empirical evidence and
documentation of the corresponding changes
in production and knowledge processes that
are taking place, implying the emergence of
new sets of “e-Skills” to be systematically
grouped and developed. The Cambridge
conference “e-Business: The Way Forward”,
held in December 2005, confirmed that major
European enterprises see the need for a long
term EU strategy to ensure adequate “e-Skills”
for the future covering both workforce and
population.
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The European Commission is preparing
Actions in this area including the promotion of
training resources in e-Learning and the
networking of e-Learning and training centres
to upport the development of “e-Skills”. The
European “Towards a Long Term e-Skills
Strategy” 2006 Conference, which will take
place on 5" and 6" October in Thessaloniki,
Greece, in the framework of the European
Centre for the Development of Vocational
Training (Cedefop), a major milestone will be
the preparation of a long-term “e-Skills”
agenda for Europe.

One direction of straightening up the world of
“e-Skills” is to develop multiple foresight
scenarios and to examine what could emerge
from foreseeable, 'wildcard' developments
and structural changes and how these might
affect the supply and demand for “e-Skills”
within the next 10 years. One of the key tasks
is to identify the drivers that influence demand
for the following three types of e-Skills: ICT
practitioner Skills, ICT user Skills, and e-
Business Skills.

In this paper there are treated just these three
categories of “e-Skills”: ICT practitioner skills,
ICT user skills and e-Business skills.At is will
be clearly pointed out, in what follows, there is
a distinction between “e-Skills”, and e-
Learning demand in large enterprises
companies and SMEs. Where as, in the last 5
years, large enterprises have been in fact
forerunners in the adoption of e-Learning
throughout Europe, the same cannot be
pointed out for small and medium sized
companies. Also, it can be observed that very
little information and interest could be found
about elLearning in European SMEs. In the
third part of this paper some explanations for
this situation are given. In the final part of the
paper there are presented some examples on
European projects.
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2. e-Skills, e-Learning, foresight scenarios

Corresponding to the eLearning Glossary the
main three categories of “e-Skills” mentioned
above could be characterized by the following
content:

ICT practitioner skills: the capabilities

required for researching, developing and
designing, managing, the producing,
consulting, marketing and selling, integrating,
installing and administrating, maintaining,
supporting and servicing ICT systems.
: ICT user skills: the capabilities required
for effective application and utilisation of ICT
systems and devices by the individuals; ICT
users handle ICT systems as tools in support
of their own work, which is, in most cases, not
of ICT nature. User skills cover the abilities
using of common generic software tools and of
specialised tools supporting business
functions within industries other than ICT
industry.

eBusiness skills: the capabilities
needed to exploit opportunities provided by
ICT, notably the Internet, to ensure more
efficient and effective performance of different
types of organisations, to explore possibilities
for new ways of conducting business and
organisational processes, and to establish
new businesses.

The development of “e-Skills” can be
supported by e-Learning and one of the
activities planned within the European
Qualification Framework announced in
“i2010” is to promote training resources in e-
Learning with this goal.

Scenario planning is a tool that can help
organisations to make a decision in the midst
of uncertainty and that supplements traditional
prognosis methods. A growing number of
corporate executives are using scenario
planning to make difficult decisions more
effective.

Scenario planning derives from the
observation that, given the impossibility of
knowing precisely how the future will play out,
a good decision or a robust strategy to be
adopted is one that plays out best across
several possible variants.
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To find that "robust" strategy, scenarios are
created always in plural, such that each
scenario diverges markedly from the others.
These sets of scenarios are, essentially,
specially constructed “stories” about the
future, each one modelling a distinct, plausible
world in which we might someday have to live
and work.

There is no formal definition about what
scenarios exactly are (as revealed by the
citations above) nor about how they have to be
constructed, but few attributes can be found
often as follows:

- scenarios should contain all relevant key
factors of the problem sphere

scenarios are creative-intuitive, i.e. a
combination of single data and factors that
have to be condensed to a plastic picture of
the future

- scenarios have to be transparent, that is all
steps, information and hypotheses leading to
the scenario creation must be clearly shown
and explained

- scenarios have to be practical, they are a
“call” to achieve a positive future by active
participation

- scenarios must be complex, they can not be
reduced to a simple set of “if-then” relations

scenarios do not need to be of high
probability, but at least they must be possible.

3.SMEs and e-Learning

The important role of the private sector for
economic and social development of all
economies is already well known. SMEs are
universally acknowledged as «engines of
growth», and they generate more employment
opportunities at the lowest cost per new
employment. But in many countries SMEs
have now come under a severe pressure as
they lack required capabilities to be able to
take advantage of new opportunities opening
up in front of them as a result of the
globalization process and to remain
competitive on the national/international
market.
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SMEs have a couple of specific organisational
needs and characteristics: these companies
have a dependence on a limited number of
people (often owners and managers are one
and the same person) and there is almost
always a close relationship to customers and
business partners. If SMEs don't acquire,
maintain or improve their business skills
continuously, their competitors will benefit of
this weakness and their business will move
elsewhere. The impact on the workplace
situation and the business while staff is not
involved in training, cannot be under-
estimated, given that there are over 18 million
individual enterprises in the EU, of which over
99 per cent fall within the definition of SMEs.

The European Board of Life Long Learning
CEC found that lifelong development of skills,
including “e-Skills”, depends on implementing
the following measures:

Identification and anticipation of skills
and qualification needs;

Recognition and validation of skills and
qualifications;

Procuring of information, support and
guidance;

Finding resources.

The identification of needed “e-Skills” should
take place both at the enterprise level and at
national/sectoral level. In the latter case, the
collective analysis of skill needs and of the
development of vocational or professional
qualification is a priority referring to young
people in the context of their career guidance
and integration into working life. It is also
important to employees in the management of
their careers and their capacity to remain in
employment, to job-seekers and, in general, to
companies in terms of their competitiveness
(CEC, 2004). In enterprises the process of
identifying skills and qualification needs
should become a main axis of human resource
policies, covering all employees of the SME
and being an issue for in-depth social
dialogue.

The delivery of “e-Skills” by using e-Learning
has, for the SMEs, many advantages over
conventional training delivery techniques.
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Delivery costs are considerably lower and staff
will not be off site while training. Downtime
would be minimised and productivity would be
maintained. Training could take place at any
time and could be scheduled to take place
during slack periods of the working day.
Training courses could also be provided
immediately almost on an “a la carte” basis,
rather than waiting until the required number of
participants has been gathered for a
conventional, face to face, off-site course.

But, it seems that, so for, e-Learning process
took place only within big companies. Outside
of the IT sector there is little activity going on in
SMEs which is related to e-Learning. "SMEs
often agree with the need to put training in
place," remarked Gordon Gough, Chair of the
Institute of Business Advisers in Northern
Ireland, "but they are slow to implement any
training plan. On-line delivery may encourage
adoption, but the training providers need to get
the benefits message across accurately."
(ONLINE EDUCABERLIN 2004)

Many of the perceived problems are, however,
based on misconceptions or prejudices born
out of a general suspicion concerning an
educational process in such companies where
it is not teacher driven. They are afraid of high
costs and overheads for the content
maintenance. The other difficulty for SMEs is
that most of them do not have a suitable
infrastructure for learning. Staff will not, in
general, be allowed to take time off for study
when it is necessary, and very often will not be
funded to undertake further training.

Moreover, SMEs do not seem to be very
interested in using e-Learning system
because of the nature of e-Learning products,
which are mostly standard products. Standard
products are not adapted to the specific needs
and demands of SMEs. For big enterprises itis
possible to use standard products for some
tasks and goals while getting tailored products
for specific needs, mostly in cooperation with
an e-Learning manufacturer. For SMEs this
strategy is too expensive. One approach to
solve these problems is the so-called "Mass
Customisation".
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This concept is based on modules of the
teaching units. Sometimes itis even necessary
to “destruct” produced elLearning units and to
rebuild them into modules. Another important
aspect for high quality and “payable” products
is a "Content-Sharing-Platform" (see for
example, the results of LERNET at
www.lernet.info).

Another obstacle in radically changing the way
training is delivered lies in the organisational
culture, especially the learning culture (Wade,
2003). In short, the problem is not related to the
technology or the delivery of e-Learning, but
with the learning culture. Every company has
established an own learning culture.
Therefore, the companies need to understand
the type of learning culture they have created
and they are supporting.

Examples

ARIEL (www.ariel-eu.net) is an internationally
joint project funded by the European
Commission in the framework of the eLearning
Initiative. The project was co-ordinated by IAT
Gelsenkirchen, whereas the Consortium was
formed of partners from Ireland, Romania, Italy
and Hungary. The project investigated e-
Learning supply for SMEs, particularly to
develop “e-Skills”, concerning didactic
approaches, benefits and fields of application.
One of the major themes was the evaluation of
the impact of former EU programmes in the
field of electronic learning. On this basis, the
ARIEL team built different scenarios of the
future development of “e-Skills” and e-
Learning in Europe, particularly referring to
SMEs.

One of the main approached aspects referring
to the ARIEL scenarios was related to the
following question “Can elLearning support
European SMEs to build “e-Skills” to be
successful and to integrate into the European
market?”

With the year 2010 being ARIEL's time horizon,
the project is in concordance with the time
horizon 2010 of the Lisbon strategy. As basic
factors of influence ARIEL team identified the
level of skills, organisation of learning process,
type of used technology, costs, motivation,
nature of users, certification of e-Learning for
“e-Skills”.
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For each of the built four scenarios an
evaluation of the situation in 2005 was carried
out. It was supposed that until 2010 the
subdescriptors of the scenarios will develop in
different ways - positive (increasing),
negative (decreasing) or remaining with
stationary contributions (stagnation) —to get a
satisfactory answer to the appointed question.
There were used questionnaires in order to
analyze the answers of experts in relation to
the contributions of different factors in the
foreseen scenarios in different countries
(regions).

The second example of EU project, where
authors of this paper were involved, stems
from the second phase (2000 — 2006)
Leonardo da Vinci programme. The name of
the project was “eCASME” having as prime
goal development of on on-line training needs
analysis (TNA) tool for SMEs. The project was
a pilot one belonging to the open and distance
training domain and cavering a wide approach
of “e-Skills” feature. The consortium was
formed of university and organization partners
from Ireland, Romania, Portugal, Sweden and
Latvia, being co-ordinated by University of
Limerick, Ireland.

“‘eCAPTURE”, meaning of eCAPture of SME
training needs and specification, eCASME,
was an on on-line software using best practice
in learning needs analysis and the content
specification for training in a user friendly
format.

The project was successful in achieving all the
aims and objects set forth in the original
project application. The central goal of the
project “eCASME” was to encapsulate best
practice in training needs analysis and training
content specification for a user from SMEs,
including ICT companies based on the on-line
format.

To achieve this a number of surveys were
conducted to determine the “best practice”,
the results of which were documented in the
reports. The final on-line tool is available is all
partner languages, thus inclusive Romanian
language, following extensive testing has
been localized to accommodate regional and
cultural differences.
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The entire project consisted of 15 work
packages with separate deliverables in each.

In the first part of work, an extensive survey
was conducted accross the partner countries,
including Oltenia region among ICT
companies, to gather information to help
determine the common and diverse factors
that characterize Small and Medium
Enterprises accross the partnership, both
regionally and sectorally. The major
considered sector was that of IT SMEs,
thereby tackling the “e-Skills” innovations.After
that, a number of possible design tools and
methodologies were studied to determine the
most effective tools and techniques that should
be used in the development of the on-line tool.
Thereafter, an initial prototype tool (version
alpha) was developed and tested with SMEs in
each region and sector to determine the exact
needs of the SMEs, including “e-Skills” and to
discover if any localisation issues existed.
Following extensive testing by the partners and
the users a final specification for the on-line
TNA tool was elaborated and implemented
(beta version). The partners once more tested
the final tool and various companies to ensure
it operated correctly and met the users
requirement. Obviously, after these new tests,
a number of improvements were made to the
final version of the tool.

The tool is now available on-line at
ecasmetool.ul.iein all partnerlanguages and is
localised to ensure it meets the needs of the
users in the various partner countries.
Referring to the University of Craiova
contribution to this work details can be read at
http://www.cs.ucv.ro/cooperari/ecasme/ecas
me.php. The target group of the “eCASME”
project was clearly SMEs. The project was very
appreciated by the Commission, being
considered successful in providing SMEs with
a mechanism to better define their training
needs, including “e-Skills” and to ensure their
training solutions are alligned to then business
strategies, aims and objectives. The feedback
from SMEs, who used the tool during the
project progress has been very positive and
was critical to the successful completion of the
on-line tool.
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It is considered that the tool developed by
partners in “eCASME” project is the first open
source customisable TNA tool that assists
SMEs to identify and prioritise training plans
for employees taking into account best
practice Instructional Design theories. The
evident benefits of these features ensure that
SMEs making use of the tool can ensure that
their budgets are spent only for training that is
effectively required to help deliver their goals
and strategy.

A particular feature related to this project was
inclusion of partners with a geographic spread
accross Europe, ensuring thus an opportunity
to gain different regional and sectoral
perspectives on TNA. The varied skills of the
different partners meant that the project had
access to the skills required to run a
successful project. The key skills available
include, among others, expert ICT
development skills, “e-Skills”.

The contribution of transnational partners has
resulted in a generalisable tool, tested to
ensure that it satisfies the cultural and sectoral
requirements of the different countries
(including Romania) and industry sectors
(including ICT technology) that participated in
the project. This was achieved through the
availability of the different perspectives of a
European wide audience and has also
resulted in the translation of the tool into five
partner languages (including Romanian).

CONCLUSIONS

This paper discussed briefly an important
issue related to eLearning and “e-Skills”
development. It is appreciated that the
present priority given to eLearning is the
result of the imperative need to provide “e-
Skills” to all workers and citizens to face
the challenges of Information Society and
the need to use ICT to support the learning
processes in view of a growing demand for
learning. The osmosis between learning
ICT and learning through ICT concepts
gave a strong impetus to accelerated
development of elLearning at the
beginning of the new century.
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Nowadays, there are some disputes at the
level of EU policy makers, so that the
eLearning market has developed at a lower
rate than foreseen some years ago, the
“eLearning Initiative” has almost disappeared
from the scene to leave ground to the
“‘eLearning Programme” that privileges higher
education twinning, but ignores lifelong
learning. Therefore it was proposed the new
“Integrated EU programme for lifelong
learning after 2007” which treats ICT as part of
a transversal programme crossing the
sectoral lines of (OMENIUS, LdV,
GRUNDVIG, SOCRATES schemes (Dondi
2005).
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ABSTRACT:

The mechatronic module for monitoring dual axis tilt have many applications in transport
platform, manufacturing for maintaining horizontality or maintaining tilt etc. Rugged
construction and wide temperature range make these device suitable for numerous
automotive, industrial, construction, wheel alignment, laser, medical, virtual reality and robotics
applications. The module has an integrated tilt sensor providing information about the slope.
Slope is displayed on two LED barographs in both directions, the X-axis and Y-axis, percentage
<20%, 20..40%, 40..60%, 60..80%, 80..100% and > 100%. Corresponding indication threshold
slope is 100% set by the customer by operating a push button located on the electronic module
when the module is tilted when the desired value. Output module is a contact type "npn" which
is activated when the module is pitched on any axis and in every respect, more than the
threshold set. The state of bending <20% on one axis is indicated by intermittent lighting of LED
central, state slope <20% on both axes, that module in a horizontal position is indicated by
continuous lighting LED center. Driving the 20 LED's is provided by using only five TTL signals
with an original driving circuit.

Keyword list: tilt sensors, mechatronics, Microsystems, positioning

INTRODUCTION
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Mechatronic assembly, figure 1, contains a
two-axis tilt sensor, a microcontroller,
barograph display and stabilized power

Rugged construction and wide
temperature range make these
sensors suitable for numerous
automotive, industrial, construction,

supply. wheel alignment, laser, medical, virtual

reality and robotics applications. Low

vl Bower profile and standard pin spacing
il sl facilitate simple PCB utilization.

! e Tilt sensor, figure 2, contains a

Fig.1. Mechatronic assembly

2. TILT SENSOR

DX-008 dual

axis POLYMER based

iTilt sensor

horizontal enclosure filled with
electrolyte, fitted with five electrodes
Y1, Y2, X1, X2 and Out. The X-axis tilt
measurement is done with electrodes
X1, X2 and Out, which forms a resistive
half bridge whose output signal is
proportional to the tilt on axis X.
Similarly the Y-axis tilt measurement is
done with electrodes Y7, Y2 and Out.
The microcontroller assures the signals
for excitation of the sensor electrodes

electrolytic tilt sensors, http://www.aositilt.com
, provide economical and reliable two axis tilt
solutions for applications where very good
linearity, high

signal of the electrode Out.
resolution and superior

symmetry are required.
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Fig.2. Tilt sensor electrical diagram

3. MICROCONTROLLER

The electronic module is build based on a
general purpose PIC16F876A
microcontroller, made by Microchip. Few of
the main characteristics of this type of
microcontroller are:

- RISC architecture with 35 instructions
with one word length (14 bits);

- instructions are executed within a
machine cycle except the jump instructions
which need two machine cycle as
execution time.

- maximum operation speed is 200 ns
perinstruction cycle;

- program memory is a flash memory
with the capacity of 8096 instructions;

- datamemory (RAM) has 386 bytes;

- parameters memory (EEPROM data
memory) consists in 256 bytes;

- pin out compatible with all 28 pins
microcontrollers made by Microchip;

The PIC16F876A microcontroller has a large
variety of integrated peripherals such as:

-a8bittimerand two 16 bittimers;

- two Capture/Compare/PWM modules
with the speed of 12,5 ns in Capture mode, 200
nsin Compare mode and the maximum
PWM resolution of 10 bits;

- synchronous serial communication
port with SPI support (Master mode) and 12C;

- USART communication port with
address detection;
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- brown-out detection circuit for Brown-out
Reset (BOR);

- 5 channels 10 bits analog to digital
converter;

- two analog comparators;

- programmable voltage reference.

The control program, written in the flash
memory of the microcontroller, has been
developed using the programming language
ANSI C. The program consists in a initializing
sequence of the integrated peripherals in the
microcontroller, the main loop which consists
in a state machine implementing the
functionality of the electronic module and the
interrupt treating routine, which realize:
analog acquisition, the real time clock, the
display multiplexing and handling of the
emission/reception buffers for serial
communication.

4. LED DRIVING CIRCUIT

Figure 3 shows the electric diagram used for
driving the barograph display on two axis with
10 LED's for display of tilt value on X-axis and
10 LED's for display of tilt value on Y-axis; the
central LED is handled separately. Driving the
20 LED's is provided by using only five TTL
signals I/01, 1/02, 1/03, I/04 and 1/O5. For
activate (light-on) only one LED is needed to
put on cathode “0” value and put to anode
“1"value; for example to activate LED D11 (see
fig. 3) is needed to put “1” on I/0O2 and “0” on
/04 and I/O1, 1/O3, I/O5 is needed to
configure as inputs (“High Z” state).
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If we provide the n TTL inputs/outputs
101...I10nis possible to drive LED's. The /101
line is connected with /02 line with two LED's,
one LED with anode at /O17 line and cathode
at /02 line and another one with cathode at
/01line and anode at/O2line.

1
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T A :
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Similarly connect another two LED's between
/01 line and /03.../0n-1 line. The numbers of
new LED's on /O7 lineis,on /O2lineis ... on
I0n-1lineis 2.

The total number of LED's is

Fig.3. LED driving circuit

5.CONCLUSION

The mechatronic module for monitoring dual
axis tilt have many applications in transport
platform, manufacturing for maintaining
horizontality or maintaining tilt etc. Rugged
construction and wide temperature range
make these device suitable for numerous
automotive, industrial, construction, wheel
alignment, laser, medical, virtual reality and
robotics applications. The module has an
integrated tilt sensor providing information
about the slope. Slope is displayed on two
LED barographs in both directions, the X-axis
and Y-axis, percentage <20%, 20..40%,
40..60%, 60..80%, 80..100% and > 100%.
Corresponding indication threshold slope is
100% set by the customer by operating a push
button located on the electronic module when
the module is tilted when the desired value.
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Output module is a contact type "npn" which is
activated when the module is pitched on any
axis and in every respect, more than the
threshold set. The state of bending <20% on
one axis is indicated by intermittent lighting of
central LED, state slope <20% on both axes,
that module in a horizontal position is indicated
by continuous lighting LED center. Driving the
20 LED's is provided by using only five TTL
signals with an original driving circuit.
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Abstract

Study the mechanism of muscle contraction of the muscles biological and comparative
analysis with pneumatic muscles was based on simplified models. Pneumatic muscle
performance suggests that the human muscle system. Pneumatic muscle actuator module was
compared with other types of actuators. Operation of the pneumatic muscles and destination
sought to identify the advantages and disadvantages.

Keywords: contraction, pneumatic muscles, diaphragm, prostheses, orthoses

Since 1930 Russian inventor discovers
Garasiev S. fluid element used as artificial
muscle. Following studies found that the
system hydraulic fluid acts on muscles based
on pressure or vacuum and membrane
smooth or embossed elastic or rigid. Due to
pressure of 5-8 bar and values of small
relationship between power and mass, using
hydraulics is not attractive. For these reasons
they watch features pneumatic drive system.

McKibben muscles with braided
sleeve

In 1950 the cuff muscles were invented
and were braided McKibben named after the
inventor. Because of similarity between
natural and muscles functioning of artificial
muscles, J.L. McKibben wish to use it to power
system ortotice arm orthosis in patients
suffering from polio. McKibben muscles form
an elastic tube and tightly surrounded and
overlaid on the outer sleeve length of a fabric
woven with nylon and aromatic polyamides.
By pressurizing the twine and push the tube
inside pressure is offset by its yarn tensions.
Spaces of the fabric acts as a pantograph
mechanisms and causes longitudinal nodes
directed to approach the net, while radial
nodes depart. Change angle propeller
diameter and length sleeve woven edit it.
During these transformations cylindrical tube
tends to keep the muscle shortens and
produces tension during coupling to a
mechanical load.
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Occurs between the tube and sleeve
contact pressure required to force
transmission, because this type of muscle
does not act by depression. Disadvantages
due to the limitation of energy accumulation
and poor quality pneumatic valves have
resulted in a decrease of interest in these
muscles. After the 80 robotics reintroduce this
type of muscle and are marketed under the
name rubbertuator on all of Japan by
Bridgestone Rubber Company and Hitachi
Medical and Germany after 2000 in England
by Festo and the Shadow Robot. Lately they
are using more and more in the making
prostheses and orthosis ortotice. Recent
studies have found various uses in
manufacturing pneumatic artificial muscles
anthropomorphic arms with articulated hands
and fingers high dexterity. Improving functional
characteristics of this type of muscle were
made (Tondu) and showed a power / mass
values developed maximum force of 650 N for
rest length 150 mm, 300 N to a shrinkage of
15% muscle and 0 N the shrinkage of 30%, all
meet the pressure of 3 bar, length 150 mm,
diameter 14 mm and 50 g. The mass was
followed by research (Inoue) and present
strength of 220 N values at rest, 100 N 10%
contraction 0 N and 20% contraction at 3 bar
pressure, 150 mm length and weight of 32 g.
The researcher (Caldwell) presented values of
1.5kW/kgatp=2barand 3kW/kgatp=4
bar, while others (Winters, Hannaford)
reported 5 kW /kgand 10 kW /kg, achieved



HERVEX

without resistance valve interposed in the
pneumatic circuit supply.

Pneumatic muscles was found
compared with the same diameter pneumatic
cylinders generates a thrust of 10 times, and air
consumption is much lower for that same force
is developed by the muscle with diameter of up
to ten times lower than cylinder, but with the
length twice as big as his. The advantage of
these muscles based on simple construction
and easy assembly with high strength
compared to weight, the intrinsic elasticity and
its automatic recommended, robotics,
construction vehicles, machinery and
equipment manufacturing industry, medical.
Pneumatic muscles presents some
disadvantages. Stabilization and muscle
control is quite complicated, because the
principle of operation and air flow passing
through the holes variables are not linear,
compressed air and pneumatic servo valves
have is strong and dynamic properties.
However, the pressure-displacement
relationship during expansion and
compression cycle was observed increased
hysterics. This phenomenon is due to dry
friction between sleeve and tube, the fibres
between them and the elastic deformations
caused by friction with the inner tube, which
causes the actuator to be moved in positional
control. Reliability of muscle is weak and
cracks occur early. As materials for making
membranes of McKibben muscles require
wear resistance, tensile and abrasion rubber
latexes were used, silicone rubber and
chloroprene, and network wires were used
nylon fibres, glass and Kevlar.

Muscle Morin

Are known since 1953 and although
embedded within muscles are unfit category
called "muscles", although the muscles were at
McKibben and the same operating principle.
Muscles form an elastic tube subjected to
internal pressure or external and fixed device
capable of transmitting displacement
measuring instruments or similar apparatus.

117

Noiembrie 2010

Muscle Kukolj

Kukolj inventor named their muscles
and muscles derived from McKibben except
that place is not close to the outer tube is made
of tows that loosely wrap the tube with gaps
between them when the muscle is
pressurized. The significance of the apparent
gaps tend to contract the net faster than
tubular membrane by looping its ends.
Realizing the maximum extent of muscle when
itis loaded but without any pressure, and when
put under pressure inflates the membrane and
placeditsits on.

Muscle ROMAC

Description of these muscles was
performed in 1986 and was patented in the
U.S. after four years by Guy Immega and Mirko
Kukolj. Muscles have articulated form of
balloons coated with several lobes at the ends
closed with mesh and fittings. The balloon is
made of tensile membrane rigid, tight and
flexible. Membrane is wrapped in fine mesh
made of flexible connecting elements united
inextensible nodes form a rhomboid structure.
Structure increases radiate, axially shrinks by
50% of its original length and changing the
prominent lobes. Actuator surface is constant,
the internal volume changes and deformations
of the membrane do not like the pleated
muscles. Adjacent lobes are connected to
each other by flexible pleats or folds continue
and extend below the network elements.
These muscles generate relatively large
forces, friction are insignificant and have the
disadvantage that they are practically difficult
due to complicated shape of the structure.
Reduced version has a length between 1-6 cm
and the standard is between 6 to 30 cm and
variable forces developed between 4500-
13600 N ata pressure of 7 bar.

Muscle torsion Kleiwachter

This type of muscle called his inventor
and is a device equipped with a torsion
inflatable membrane form a cake, attached to
the outside into the inner ring and a tree.
Membrane is fixed between wires placed
obliquely to the radial direction from outside to
inside the membrane swell and threads the
central shaft rotates.
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Muscle hyperboloid

This type of muscle in a state of extreme
tension receives as a hyperboloid. Elastomeric
membrane is fixed in place by flexible fibre
inextensible, anchored at both ends with
fittings. When the actuator reaches the
maximum length of some linear stretch yarn
from end to end, with an equal step with the
rotating axis and the other part of the fibres are
oriented in opposite sense. While maintaining
pressure actuator membrane becomes
spherical and generates a maximum
contraction.

Pleated pneumatic muscles

Belgian researchers earlier this century
(Dirk Lefeber and Frank Daerden) introduced
pneumatic muscles "pleated" embossed
membrane with radial folds and arranged
lengthwise axis, which enabled it swells like a
medicine ball. Like natural muscles and
pleated pneumatic muscles are considered
"linear motors" uni powered by compressed
air. These muscles have the appearance of
skeletal muscle contraction forces influencing
the size, degree of shortening and shows
higher values than other types of pneumatic
artificial muscles. Since skeletal muscle have
similar properties and role in activating the
body joints, muscles may act pleated
pneumatic as antagonistic pairs.

If we compare the various actuators
that drive the same role, pleated pneumatic
artificial muscles see that they have: large
force per unit mass of 1000 W / kg at 1-5 bar
pressure activation, various forces away from
the constant pressure gas (compared with
pneumatic cylinders where the force depends
on the pressure and the piston form) intrinsic
elasticity due to changes in force-
displacement strength and compressibility of
gas used, contractions over 50% of its original
length compared with McKibben muscles and
only travel to 30% possibility of operating with
different pressures and forces to develop low
to highest; properties explosion, fire, pollution,
properties do not lose energy and volume
increase membrane without deformation and
without tension in the direction perpendicular
to the axis of symmetry and properties of
orthotropic, traction resistance and elasticity in
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longitudinal direction perpendicular
direction, unlike McKibben muscles that lose
60% of energy and reduces the force
generated, absent during the dry friction
increase or return to the folds of the membrane
and hysteresis in force-length relationship,
compared with the friction between the tube
and the braided McKibben muscles.

Powered by compressed air causes the
muscle membrane which creates increasing
tensions along the meridians manifested line
parallel folds without tensions expressed in
section perpendicular to the axis of symmetry,
because in this direction membrane acts freely
without resistance. Material stiffness makes
unstretchable tensile membrane. These
muscles to eliminate the disadvantages
encountered McKibben muscles, because the
membrane has no contact with foreign
material, we have no friction and hysteresis,
and the membrane deformation is trivial or is
even smaller as the number of folds is greater.
Therefore, the deformation of the membrane
does not consume energy, and muscles are
lightand highly durable.

Contraction force exerted by these
muscles depend on: activation pressure,
muscle length, ratio of resting length and
minimum diameter, the rate of shrinkage,
membrane material characteristics. Thinner
muscles will shrink more than thicker ones,
almost 45%. If these muscles were larger
forces obtained so on contractions of 5% was
obtained F = 3300 N, 1300 N 20% was
achieved, 43% reached 0 N - the
corresponding value at a pressure of 3 bar, the
length rest of 10 cm minimum diameter of 2.5
cm and weight 100 g. To obtain these values
membrane was made of Kevlar fibres coated
with polypropylene film.

Although the elements outlined above
have certain advantages, the use of special
devices are not too out of order and lack of
appropriate technologies for development of
existing solutions. Although McKibben
muscles are recognized issues facing their
control and lifetime. When the elastic
membrane is connected to terminal fittings are
inserted rigid concentrators of membrane
tension and danger that comes to sell, unlike
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pneumatic cylinders to not meet these
problems. Although the manufacture
pneumatic muscles using quality materials, all
problems can be solved. Duration of
pneumatic muscle can be increased
depending on environmental factors,
frequency and applied load. Electric drive
instead recommend using pneumatic artificial
muscles in robots mobile generators, large
forces at low speeds and connect directly to
the driven structure. The construction of
prostheses and active orthosis seeks new
pneumatic drive systems. On motion of knee
extension (Yamamoto) was used pneumatic
bellows capable of generating rotation when
fed with pressurized air. The advantage is that
the hysteresis is reduced solution, the
disadvantage is to achieve the function of
residence. Another researcher (Schulte) has
equipped with a pneumatic artificial muscle
manipulator arm. Others (Caldwell) McKibben
muscles used to actuate a mechanical sleeve
arrangement of four muscles on each finger
and thumb muscles six action flexion /
extension elbow and wrist of one arm
anthropomorphic. Followed (Hannaford)
construction of anthropomorphic arm with
McKibben muscles 15 and controlled by spinal
neural channels, the author has sought to
improve movement in people with disabilities.
ROMAC muscles were used (Grodski and
Immega) degree of freedom control of an arm
orthosis by stimulating myoelectric biceps and
triceps of the human operator. He continued
(Yoshinada) use McKibben muscles acting
hydraulic underwater manipulator and using
the same external drive fluid was removed
weight problem. A group (Frank and Dirk
Lefeber Daerden) used to drive a robot
muscles pleated jumper based on the
properties of energy accumulation by muscle
and that the springs. Another research team
are equipped with ankle orthosis of pneumatic
muscles to ensure the movement of flexion-
extension foot plant. Besides these company
Bridgestone has made an arm of industrial
painting, whose joints were based on
pneumatic artificial muscles.
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Abstract

The paper presents the equipment used to measure some parameters that

characterize the electric energy quality.

The proposed equipment performs test and acquisition of analogue data (U and I) and
numerical data. The sampled data are recorded when preset thresholds are exceeded
by the analogical inputs or when the digital inputs states change. The fixed variant is
supplementary provided with 2 analogue outputs and 8 numerical outputs. The
operation of equipment is simulated and the corresponding software are exemplified
for the case of a highly distorting consumer, a set of electric energy quality parameters

being determined for this case.

1.INTRODUCTION

The recent implementations based on
power electronics provide a lot of
advantages related to the designing of
some high power electrical drives with
variable speed, such as the increase of
driving system performances.
Unfortunately this kind of equipment
added new quality problems to the
existing ones. The new problems are
related to the electric nature waveforms
distortions, with direct impact over the
consumers supplying [1], [2], [5], [7].

The energetic effects that affect
the electric energy quality must be
precisely evaluated in order to their
consecutive limitation. The quality
parameters measurement is related to
the existing voltage level, to the data
acquisition time speed, to the employed
numeric algorithms, etc. [9], [10] Test
and isolated implementations were
recently performed in our country and
abroad, but none became a market
leader.

2. GENERAL DESCRIPTION OF THE
EQUIPMENT

In order to determine some of the
electric energy quality parameters and
also to achieve a complex equipment
that should be able to determine some
other quantities and unpleasant
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phenomena, a modular portable
system was conceived. The main functions
provided by it are:

- determination of electric energy quality
parameters that should consequently result in
measures for improving of qualitative and
quantitative efficiency of energetic
consumptions;

- events recording, in order to detect the faults
causes and the repeated connections and
disconnections over electriclines.

The equipment modular designing
makes possible the realization of a family of
fixed and portable systems for tests and data
acquisitions. Due to its modular conceiving,
the system provides:

- acquisition of 9/16 analogue inputs and 6/32
numerical inputs by means of circuits that
perform the conditioning of analogue signals
compatible to the electric quantities supplied
by the electro-energetic systems;

- portable variant will be supplementary
equipped with 2 analogue outputs and 8
numeric outputs for simulations, tunings and
tests;

- non-volatile recording of finite number of
records;

- connection through a serial line of a PC
compatible computing system for data loading
corresponding to the recordings that present
interest.
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3. EQUIPMENT's FUNCTIONS

The equipment family provides the
following functions:
- test and acquisition of analogue data
(voltages, currents and powers) and
respectively of numeric data (switching
apparatus state) for nodes of the electro-
energetic system where the distorting regimes
occur;
- numeric processing of data, in order to
determine the energetic parameters, the
performance indices concerning the electric
energy quality;
- recording, evaluation, administering and
displaying along periods of the consumptions
and events concerning the deviations from the
quality of the used electric energy;
- permanent monitoring of the energetic
parameters;
- faults detection and localization;
- signalization when some quality indices
standardized values are exceeded.

A series of facilities are provided, as
follows:
- determination of data corresponding to the
voltages and currents for phases and neutral
wire. The apparatus input voltages are
supplied either by some voltage transformers
secondary windings with a rated value of 100
V a.c., or by instant values transducers. The
apparatus input currents are supplied either by
some current transformers secondary
windings with a rated value of 1 A a.c., or by
instant values transducers.

- consumptions evaluation;

- evaluation of analogue quantities, separately
for each phase (RMS values, initial phases of
currents and voltages harmonics, spectral
analysis);

- displaying of time variations for quantities
(currents, voltages), state of switches from the
distribution utilities;

- real time clock, non-volatile memory,
graphical display of extended sizes 75 x 140
mm;

- analysis and determination in the three
phase network of the following parameters:
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- phases and neutral impedances;

- direct, reversed and homopolar components
of the unbalanced systems of
voltages/currents;

- determination of the survived element
operation regime (load, idle, voltage missing,
fault, etc).

The estimated and recorded data are
processed by means of a soft package that
allows:

- harmonic analysis of measured quantities
(voltages and currents) ;

- computation of electric energy quality indices
based on an unitary theory, according to
European standards;

- displaying, on request, of some electric
parameters: active and reactive electric
energies, active, reactive and distorting
powers, power factor, currents, voltages,
frequency;

- displaying on request of superior harmonics
weights for voltages and/or currents;

- detection of normal rapid variations and of
accidental unbalancies from the three phase
systems of voltages and currents;

- recording, evaluation and displaying for a
month of the events corresponding to the
electric energy quality deviations;

- prescription of thresholds both for the
quantities estimated in the system and
respectively for the estimated quantities; when
the respective thresholds are reached, sound
and optic alarms are generated;

- obtaining of the main energetic parameters
situation.

The software packet relies on the
existing national and European standards and
takes into account the correlations between
both standards. The considered standards are:
PE 143/94, IEC 60664, ANSI-IEEE 519, CEI
1000-2-4 [9].

4. TECHNICAL FEATURES
The equipment presents the following
characteristics:

- Number of monitored and evaluated lines:

- 3 (test variant 3 voltages and 2
currents);;

- 2 (test variant 3 voltages and 3
currents);;

-Analogue outputs (fixed variant): 2;
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- Tests accuracy:

-U L 0,5%
-P,Q,S,D...1%
-Frequency...0,05%

- Active/reactive energy ..
IEC1268

- Distortion coefficient I/U...2%

- Storing capacity: 256 KO ... 8MO (depending
on variant);

- Period of recording: 3 sec - 12 min,
equivalent of maximum 240 events, each of 3
seconds; the records are non volatile;
- Supplying: 230V c.a/50 Hz; -15% ...
and battery 12V.

5. UTILIZATION OF EQUIPMENT FOR THE
DETERMINATION OF SOME ELECTRIC
ENERGY QUALITY PARAMETERS

The equipment was tested under
normal operation conditions, taking data from
a connection point of a major distorting three
phase consumer. The sampling frequency
was 3,6 kHz.

For the beginning the distorting three
phase receiver voltages and currents
waveforms were recorded. The recorded
signals were afterward acquisitioned. Based
on an original processing algorithm, the
harmonics analysis was performed,
considering the EU standards (in order to obey

.according class 2

+15%:;
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the European standards while
considering the specific of Romanian
consumers and networks) [6]. The recorded
three phase voltages waveforms are depicted
by fig,1(a) and those corresponding to currents
are depicted by fig. 1(b). Using the
decomposition algorithm mentioned above,
the first 40 harmonics of current and voltage
were determined. The signals recomposed
from the first 40 harmonics of the first phase
voltage together with the significant harmonics
from the u1 waveform and their initial phases
are depicted by fig. 2.
In fig. 3 we represented the signal recomposed
from the current through phase 1, compared to
the initial signal (Fig. 3(a)), along with the
harmonics magnitudes from the i1 waveform
(Fig,3(b)) and theirinitial phases (Fig.3(c)).
Based on the harmonic decomposition we
could determine some coefficients related to
the electric energy quality corresponding to
phase 1 [3]:
- for u1: RMS value: 3.8984e+002 V; peak
factor: 1.4024e+000; shape factor:
1.0988e+000; VTHD 1: 1.0264e+000;
- for i1: RMS value 7.2715e+000 A; peak
factor : 1.3890e+000; shape factor:
1.1534e+000; ITHD 1: 1.3631e+001
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Fig. 1. Three-phase voltages and currents from system
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The analysis also proved that the three-phase
system is symmetric, so that for the analyzed
consumer the problems related to the electric
energy quality are actually those related to the
distorting regime [8].

4. CONCLUSIONS

As far as we are awared, in Romania there is
no equipment similar to the one presented in
this paper. Famous manufacturers as Chauvin
Arnoux/ Enerdis France, Siemens Germany,
Schneider France, General Electric SUA,
Circutor Spain produce equipment that
provide only partial similarities to it.

The manufacturers we analyzed make efforts
to modernize the test principles, to use small
size transducers, provided with local
intelligence and respectively to increase the
number of facilities provided by the equipment:
functions for rapid electric events recording,
simultaneously with the recording of electric
parameters along long periods, SCADA
compatibility, electric energy quality analysis,
etc.[3], [4]. This test principle results in an
increase of test accuracy, operation safeness
and improved reliability.
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SNOW CLEANING ROBOT

ing Vlad Vaduva*, dr.ing Diana Mura Badea*, dr.ing Dumitru Vlad*,
ing Tudor Dragos Guta*, sing Constantin Petre*
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ABSTRACT

This paper presents the actual status of snow cleaning robots, the main methods used
in this field and a architecture for a autonomous robot. As this robot navigates through
unforeseeable space the sensoristic part is the most important part of this project
.There are presented the sensors needed for moving, searching, control and detection

Noiembrie 2010

accordingly to the plan action needed.

INTRODUCTION
In the present time there are well know a
multitude of snow cleaning methods ,starting
from the simple ones and already considered
classics to methods who benefit from large
technological development and applies new
ideas ,constructive solutions or innovative
materials.
There are two main generic families for
cleaning the snow
- Mechanical methods — methods in which
the snow is remove from certain spaces
(streets, sidewalks, public squares) with the
help of mechanical machines
-Chemical methods — methods in which the
snow is removed by applying different types
of chemical substances who have a double
role: melting down the snow and stopping
the water fromicing

Mechanical methods for cleaning the snow
It can be observed that although the work
methods and many of the mechanical
execution elements can be found in many
types of cleaning snow machines, there can
be spotted differences regarding with the type
of action of this elements and the movement
module:

Manual

Electric

Internal combustion motors

Honda Model HS724TA
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Taking notice of the operating possibilities
there can be mentioned the following snow
cleaning methods related to the type of the
eIements used to clean the snow
Removing the snow by using cleaning
razors and discharging the snow on the
side of the road with shapes and ways
to operate
Removing the snow by using collecting
mechanisms and discharging the snow
on the side of the road
Removing the snow by collecting and
throwing it outside the useful space
.Removing the snow by combing one
of the two first presented methods and
removing the snow outside the useful
space
Cleaning the snow with mechanical methods
presents a series of advantages:
time needed for removing the snow
reported to the quantity/aria is much
smaller than the chemical method
therefore allowing faster resuming of the
traffic
quantity of removed snow is larger than in
chemical methods
there are not needed preliminary or during
the work preparations for
operations/devices
Access to snow areas/objectives is fast
- This method don't attack or chemical
degrade the areain which the snow is placed
On the other hand the mechanical method also
presents some disadvantages
Tools needed have high prices
Tools needed for removing the snow are
action mostly by internal combustion
motors which consume petrol fuels
In the case of wrong manipulation of the
device, the superficial layer of the area can
be mechanical affected
The snow removed from street must be
discharged in the closed proximity
therefore it can create problems related to
limited access/blocking certain objectives
on the sidewalk
Maintenance of this devices requires a
well organized space and certain condition
during the time there are not used
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Chemical methods for snow cleaning

A chemical method represents the treatment of
snow with certain chemical substance in the
area that needs to be cleared. These
substances melt the snow (ice) and keep the
water fromicing
Methods can different by the nature of the
substance thatis used

Solid particles

Liquid solutions

Similarly to mechanical methods also the

chemlcal ones present a series of advantages
Low prices
There are not needed highly powered
action motors
In general all the procedure is simple
and the time needed for deploying
chemical substances is low
In the case of snowing forecast , the
substances can be deployed before the
actual snowing therefore there are
creating a environment in which the
snow will meltimmediate
Many substances can be combined for
better effects , like for snow melting and
antiderapant effect
Disadvantages for chemical methods:
Time needed for snow melting is high
and this method can not be implement
forimmediate effect
Snowing quantity that is melt is less
compared to the mechanical method
Losing of essential time due to
recharging
Access to specified area could be
difficultif the layer of snow is large
Ecological impact should be analyzed
The risk of effect/risk of decaying the
area should be analyzed
The population should be warned about
the possible negative effects
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Small compact unit size for ramp work

Tank size set between 875...3500 liters
- (stainless steel or poly)

Tyler Ice Control Solution de-icers

Tank includes 3 sections

Product pump capacity of 180 GPM allows for
loading and off-loading and transferring of liquid
from one compartment to another

Convenient pump station location, safe and
easy to operate

Electrically operated boom shutoff valves.
Flow based ground speed control system.
Fan equipped exhaust system

Stainless steel spray bar system.
18hp Kohler engine.

Tank size: 1890, 3780, 7560, 9450, 15120, 18
900 liters

Pump mounted in a safe and accessible location
Flow control system

Internal or external shutoff valves

Stainless steel tank

Truck or trailer mounted

Pump flow between 100 and 2200 I/min

Fixed or cab controlled washers

Optional hose reel.
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Autonomous cleaning robots

Autonomous robots are robots which can
perform desired tasks in unstructured
environments without continuous human
guidance. Many kinds of robots have some
degree of autonomy. Different robots can be
autonomous in different ways. A high degree
of autonomy is particularly desirable in fields
such as space exploration, cleaning floors,
mowing lawns, and waste water treatment.

A fully autonomous robot has the ability to

Gain information about the
environment.

Work for an extended period without
human intervention.

Move either all or part of itself
throughout its operating environment
without human assistance.

Avoid situations that are harmful to
people, property, or itself unless those
are part of its design specifications.

An autonomous robot may also learn or gain
new capabilities like adjusting strategies for
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accomplishing its task(s) or adapting to
changing surroundings.

Autonomous robots still require regular
maintenance, as do other machines

Plan acting and sensors for snow cleaning
robots

A GPS sensor is placed on the robot allowing it
to receive satellite signals. This is used for
orientation so as the robot will know the right
path to follow and when it will the path finish
Compass sensor provides the direction to
Nord. There are two types of compass
sensors: magnetic and gyroscopic

- The magnetic direction sensors measure the
Earth magnetic impact and extract the
horizontal component to show the direction to
North

- The gyroscopic direction sensors is made
from a gyroscope who under the influence of
gravity and Earth rotation show the real north
direction

Encoders are mounted on the wheels and it
has the purpose to convert the rotation of the
wheels inimpulses

Work Mode

Command

Sensors used for the activity

Moving of the
robot

Motor

- direction sensors
-GPS

- Ballista

- Moment transducers

Searching for
SNOwW

Motor

-direction sensors
-temperature sensors
- ultrasonic sensors network

3 | Gathering snow

control
snow

- Motor
- device for
gathering

-frontal bumpers for snow size
detection and density
-direction sensors

-GPS

-ultrasonic sensors network
-Temperature sensors for live
beings detection

Finishing work and

X Motor
refurning

- direction sensors
- GPS
-weight sensors

-sensors for altitude
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In case of obstacle/ live person in proximity,
the robot could take 3 decisions:

- STOP until the obstacle removes
himself off the path (only for live
beings)(A)

- Obstacle avoidance (B)

- Pursuing of another path (C)

In case of obstacle/ live person at a certain
distance, the robot could take 3 decisions:

- STOP until the obstacle removes
himself off the path (only for live
beings)(A)

- Keep walking until the obstacle is in
proximity

- Pursuing of another path (C)

The robot is in permanent contact with the
dispatch for permanent knowing of location
(for the case of stealing or aggression against)
and also provided with a black box in witch all
the operations should be stocked
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TEHNICI DE FILTRARE NUMERICA A SEMNALELOR PENTRU SISTEMELE DE
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1.INTRODUCERE

Sistemele numerice de comanda si control
pentru echipamente hidropneumatice
necesita putere de calcul suficienta pentru
algoritmii digitali de reglare din familia
PID(Proportional, Integrative, Derivative) si
dimensiuni reduse pentru a putea fi inglobate
in respectivele echipamente. Utilizarea
sistemelor de calcul clasice cu microprocesor
si circuite periferice separate nu permite
obtinerea gradului dorit de miniaturizare si de
aceea se folosesc in mod curent sistemele
bazate pe microcontrolere si sisteme intr-un
chip. Microcontrolerele moderne dispun de o
serie de module functionale analogice si
digitale integrate ce usureaza dezvoltarea
aplicatiilor de comanda si control, atat din

punct de vedere hardware( se simplifica
logica de interfata, cablajul imprimat, scade
consumul de energie si se reduc problemele
de compatibilitate electromagnetica).
Modulele electronice de comanda existente in
industrie includ un numar ridicat de
componente analogice — amplificatoare
operationale, comparatoare si componente
discrete. Trecerea la electronica digitala, prin
utilizarea de microcontrolere cu resurse
bogate de memorie si elemente periferice
permite integrarea unei mari parti a
subsistemului electric intr-o singura
componenta (fig. 1). Tendinta este de
integrare a functiilor intr-o singura capsula
SoC (System on Chip) sau in cazul unui numar
mare de functii integrare de tipul SoP (System
on Package).

— — -

I MICROCONTROLLER

| Circuit de condtionare _J

Regulator PID —

Generator |

a semnalului de programe
Ampliticator pt
electromagneti _
Traductor ) domeniu slectric
de pozitie domeniu mecanic

Sarcina Cilirvcdru
hiclr aulic Servovalva

Pompa

Fig. 1 Sistem de reglare a pozitiei — schema bloc cu evidentierea utilizarii microcontrolerului
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Performantele cerute microcontrolerului
utilizat sunt determinate de blocurile a caror
functionare trebuie sa o realizeze, acestea
fiind:

§ Pentru a realiza functia de conditionare a
de de pozitie,
microcontrolerul trebuie sa posede convertor
AD (preferabil cu
integratda) de minim 8 biti si cat mai rapid;
frecventa sa de esantionare dicteaza
performantele dinamice ale sistemului de
reglare

semnalului la traductorul

referinta de tensiune

§ Regulatorul PID presupune efectuarea unei
serii de operatii matematice (adunari si inmultiri)
astfel ca este de dorit o viteza cat mai mare de
executie; datoritd timpului mare de realizare a unei
multiplicdri soft este absolut necesard existenta
unui multiplicator hard in unitatea aritmetica si
logica(ALU)a procesorului

§ Comanda amplificatorului
electromagneti se face analogic; este necesar
astfel ca microcontrolerul sa posede un
convertor DAsau iesire PWM

§ Generatorul de programe realizeaza
temporizari si semnale cu anumite forme de
unda; pentru aceasta sunt necesare circuite
Timer/Counter gi spatiu suficient de memorie
(prin tabelare in memorie se pot genera cu
precizie foarte buna forme de unda arbitrare
sau predefinite — rampe, sinusoide, semnal
dreptunghiular)

pentru

2.ASPECTE TEORETICE

Reglarea numerica presupune utilizarea
de tehnici speciale de procesare a semnalelor
si de reducere a zgomotului. Semnalele de
intrare, inainte de a fi prelucrate in regulatorul
numeric, sunt procesate in vederea reducerii
zgomotului.
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Aceasta operatiune este de fapt o filtrare a
semnalului. Orice sistem de reglare numeric
contine si un subsistem de filtrare a datelor
masurate.

Filtrarea semnalelor reprezinta o operatie
de baza in prelucrarea informatiei obtinute pe
cale experimentala. Filtrarea poate fi facuta
analogic (cu retele de tip RLC sau cu
calculatoare analogice), fie numeric, cu
circuite logice sau cu microprocesoare.

Principalele avantaje ale filtrelor numerice,
comparativ cu cele analogice sunt:
dimensiunile mai mici, performantele mai
ridicate, stabilitatea si precizia sporite, nu
ridica probleme legate de adaptarea
impedantelor si prezinta flexibilitate marita in
reconfigurare sau ajustare.

Filtrul numeric poate fi descris matematic
printr-un operator P, care transforma marimea
de intrare x(nT) in marimea de iesire y(nT),
conform urmatoarei relatii:

v(n 'I"")= F[{GE T_)] (1)
Filtrele numerice fac parte din clasa sistemelor
liniare.

Expresia generala a semnalului esantionat
este de forma:

x(nT)= ZI@ TH [T —kT)

Raspunsul filtrului la impulsul unitate (nT-

(2)

kT)este:
T )= ZA'Q%T}P[E% (T —&T )| ZZ kT o, (a7

(3)
unde hk(nT) este functia pondere, adica
raspunsul filtrului numeric la impulsul unitate,
aplicat la momentul k=n. Deoarece filtrele
numerice sunt sisteme invariante in timp,
pentru marimea de intrare (nNT-mT) raspunsul
vafih(nT-mT).
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Relatia precedenta capata forma:

}'(n'l':}: i x(n'l'}l{:n'l‘ m'l'): i x(n'l’ 1]1'1')1[111'[‘)
=1 =il

(4)

= x(_nT}h h(nT_) = ]1(_|1T)« x(nT_)
matematice

unde ultimele doua relatii
reprezinta produsul de convolutie al celor doua
secvente x(nT) si h(nT). Produsul de
convolutie este comutativ.

Stabilitatea si cauzalitatea sunt cele mai
importante proprietati ale filtrelor numerice.
Stabilitatea se refera la proprietatea de
marginire a semnalului de iegire pentru un
semnal de intrare marginit. Aceasta conditie se
transpune matematic sub forma:

[t —mT )< M

i |I:G}IT] < N (5)
m=l
|y ) =M i|h{mT] < MN
ni=01
Cauzalitatea semnifica faptul ca niciodata

semnalul de iesire nu-l precede pe cel de
intrare.

Dupa modul cum sunt realizate, exista doua
tipuri de filtre:

- recursive, la care marimea curenta de iegire
depinde de valorile anterioare ale marimii de
iesire precum si de valorile curenta si
anterioara ale marimiide intrare:

y(nT}:_IZL,x(nT iT) .anKix(uT iT) (6)

il
unde L, si K sunt coeficienti reali, constantj;

- nerecursive (transversale, cu memorie
finitd), la care marimea de iesire se exprima
explicit in functie de valorile prezenta si
anterioara ale marimii de intrare:
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y(nT)= Z L, x(nT-iT) (7)

=0
Dupa tipul functiei pondere h(nT) filtrele pot
fi:
- filtre cu raspuns de durata finita (FIR),
caracterizate prin h(nT) finit:
hinT =0, daca n=N;=o
W(nT)=0, dacd n=N,>-c0
Ny=Nj;, firate;

(8)

- filtre cu raspuns de durata infinita (lIR),
caracterizate prin h(nT) infinit; nu exista N, si
N, cain cazul precedent.
Filtrele FIR sunt de obicei nerecursive, in timp
cefiltrele IIR sunt recursive.
3. IMPLEMENTAREA TEHNICILOR DE
FILTRARE NUMERICA

Cea mai simpla metoda de filtrare
numerica este medierea. Avantajul major este
faptul ca presupune o singura operatie de
inmultire, deci se executa rapid pe unitati de
de putere
microcontrolerele pe 8/16 biti. Atunci cand

semnalul masurat cu un microsistem bazat pe

calcul redusa cum sunt

microcontroler contine zgomote, varfuri
datorate fluctuatiilor tensiunii de alimentare si
alte componente de semnal nedorite se
recomanda medierea rezultatelor
convertorului ADC. Exista diferite metode
simple de realizare a acestui lucru, printre
care:

-Supraesantionarea — se efectueaza mai
multe masuratori iar media acestora este luata
in considerare pentru prelucrarile ulterioare
-Medierea continua — se utilizeaza un buffer
circular pentru stocarea rezultatelor iar
valoarea trimisa pentru prelucrare in rutinele
urmatoare se obtine prin medierea valorilor

din buffer
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-Sumare ponderata — valoarea veche si noul
rezultat al masuratorii se aduna iar rezultatul
se injumatateste. Rezultatul se salveaza si se
proceseaza maideparte.

-Rejectarea valorilor extreme - valoarea
maxima i lot de
masuratori sunt ignorate iar celelalte valori se

cea minima dintr-un

proceseaza maideparte.
-Sincronizarea masuratorilor cu frecventa
retelei

Viwma = Slopex ADC +Offset — ¥,
Un exemplu de implementare a algoritmului de
supraesantionare pentru un sistem de
achizitie bazat pe un microcontroler
performant pe 16 bifi este prezentat in
continuare. de
respectivului

Se foloseste limbajul
asamblare specific
microcontroler, din familia Texas Instruments
MSP430.

De exemplu, N masuratori cu ADC12 trebuie

adaugate in variabilele SUMLO si SUMHI.

SMMLO EQU R4
SUMHI EQU RS
¥_aDC EQU RE
¥
Hov §2z2.,9_apc
CLR SUMLO
CLE SUMHI
OUSLOP CALL §MEAS ADC
ADC 12 MEMD
ADD
ADC SUMHI
DEC N_ADC
JNZ OUSLOP

Dezavantajele supraesantionarii sunt
consumul relativ ridicat de energie datorita
numarului mult mai mare de achizitii ADC si
viteza maxima teoretica de esantionare mai

SUp roc mmiowIe

12
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Supraesantionarea

Supraesantionarea este cea mai simpla
metoda pentru prelucrarea rezultatelor
masuratorilor: N esantioane sunt insumate iar
rezultatul este impartit la N sau, uneori, este
utilizat asa cum este. In cazul in care se
utilizeaza corectii de tip Slope si Offset se

poate utiliza urmatoarea formula:

> (Slopex ADC + Offset)

e (9)
_I'I'I,If

Numarul N este definit in variabila N_ADC.
Daca N<16, variabila pe 16 biti SUMLO este
suficienta pentru pastrarea valorii sumei
intrucat valoarea maxima a unei conversii
ADC este 7FFh (12 biti pe 1 logic) iar 16*7FFh
= FFFOh < FFFFh. Codul in limbaj masina
asociat este editat in forma standard,
instructiunile in partea stanga, comentariile in
partea dreapta, separate prin semnul punct si
virgula.
; suma valorilor masurate,LSE

;, suma wvalorilor masurave, 3B
; Tamarul de wvalori ADC sumate

regul tavul conver=iei in

"
i

&£AD CLZMEMO , STMLO

mica (de N ori) iar avantajele sunt
programarea mai simpla, rezolutia
imbunatatita prin sumarea a N rezultate ale
masuratorilor si reducerea influentei valorilor
extreme.
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Medierea continua

O metoda foarte rapida si simpla in acelasi timp de mediere a semnalelor digitale este medierea
continua (Continuous Averaging): intr-un buffer circular se scrie cea mai noua masuratoare iar cea
mai veche este eliminata din buffer (practic, bufferul fiind circular, cele doua masuratori au aceeasi
adresa RAM astfel ca valoarea noua suprascrie valoarea cea mai veche). Pentru minimizarea
timpului de calcul, valoarea veche este scazuta din suma iar valoarea noua este adaugata. Suma,
stocata in variabila CFSUM, este o valoare pe 32 de biti si contine practic N rezultate ale

masuratorilor. Variabila CFSUM va fi utilizata in programul principal la procesari ulterioare.

Trebuie avut in vedere ca aceasta valoare nu este media aritmetica a masuratorilor, ci suma lor,
deci de N ori mai mare decat media. Raspunsul in frecventa al medierii continue este similar unui
filtru pieptane, deci se obtine o atenuare puternica a anumitor frecvente de anumite valori raportate
la frecventa de esantionare (de exemplu infigura 2, de 4, 8, 16 ori mai mici).

| | i i
0.0625 0.125 0.25 g5 — *F
-10 4 I'recventd regultat
Frecventd esantinnare
20 =
-30
-40 =
Adenyure

Figura 2 Raspunsul in frecventa al medierii

continue

Dezavantajul metodei consta in utilizarea a N cuvinte de memorie RAM pentru bufferul circular,
dar avantajele sunt numeroase — consum de curent redus, intrucat pentru fiecare valoare rezultata
e necesara o singura masuratoare, rezolutie imbunatatita prin sumarea a N masuratori, actualizare
rapida a bufferului circular si buna rejectie a anumitor frecvente (submultipli ai frecventei de
esantionare).

Implementarea practica a medierii continue se poate face utilizand intreruperile. O rutina
lansata de o intrerupere (de exemplu intreruperea sfarsit conversie aADC12, conversie pornita de
Timer_A sau Timer_B) actualizeaza continutul bufferului circular cu N valori. Suma CFSUM se
actualizeaza prin scaderea valorii celei mai vechi si adaugarea celei mai noi. Variabilele CFSUM si
CFSUM+2 contin intotdeauna suma ultimelor N masuratori. Codul sursa este urmatorul:
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H EQU 16
CFETRT D3 H*2
cram n3 g
Crrol n3 2 ; pointer la waloarea cea mai weche
CIHND PUUSH RS
How CrPOI, RS
cip BCI3ITRT+ (N*Z), RS
JLO croo
How BCE3TRT . RS

: wal oarea cea mai veche & scasuti din CIFSUM, wal carea noua o
suprascris gi =
; adaagavi la CF3TH

Crog JUs AR5, CTIUH
3BC CrauM+2
Moy EADCIZMEMO,0(R5)
ADD @RS+ CFITM
ADC CF3UM+2
Mow RS, CTPOI
POP RS
RETI

Sumarea ponderata

Sumarea ponderata a masuratorilor anterioare si valoarea actuala sunt mediate aritmetic iar
rezultatul este stocat. Metoda acorda fiecarei masuratori o anumita pondere (fie T perioada
esantionarii).

Momeni de timp ts to-1 f-T t-T
Pondere 05 0.25 0.125 | 0.0625
Tab . 1 Coeficient pondere penbu mediersa contima

Dezavantajul metodei este ca eventualele varfuri corespunzatoare zgomotului sunt insuficient
atenuate, intrucat sunt divizate numai cu 2. Ca avantaje se pot enumera consumul de curent redus
(datorita necesitatii unei singure masuratori per rezultat), codul scurt si rapid si consumul redus de

RAM —numai un cuvant.
Implementarea in limbaj masina este simpla (suma actualizata este in WSSUM):

WE S LM o} 2

WaHND ADD FADC1ZMEMO, W32UM
RRA W3 IUM ; divizare cu 2
fa ; mai departe cu suma

Adoua varianta este rotunjirea noii valori obtinute prin adunarea unui termen 0.5 (2") cu ajutorul
fanionului Carry.

WEHND ADD EADC1ZMEMO, Wa3UM
RRA WasumM ; bitul L3B in Carry
ADC W3 3UM

Prin utilizarea pachetului de calcule in virgula mobila se pot face sumari ponderate si cu alti
coeficienti pondere in afara de puterile lui 2. Dezavantajul este consumul mai mare de resurse i
viteza de calcul mult mai scazuta.
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Eliminarea valorilor extreme

Aceasta metoda de mediere presupune
realizarea a N+2 masuratori si eliminarea
dintre ele a valorii celei mai mari si a celei mai
mici. Cele N valori ramase sunt mediate
aritmetic iar aceasta valoare este utilizata mai
departe, sau se pot insuma numai (ceea ce
conduce la o rezolutie de reprezentare mai
buna, dat trebuie avut in vedere ca suma este
in medie de N ori mai mare decéat valoarea
unei masuratori).

Avantajul metodei este dat de programarea
simpla, atenuarea foarte buna a varfurilor (nu
sunt utilizate!), consum moderat de memorie
(doar N+2 cuvinte). Dezavantajos este
consumul relativ mare, intrucat sunt necesare
N+2 masuratori pentru un rezultat.
Implementarea se realizeaza relativ simplu:
datele de la cele N+2 masuratori sunt salvate
intr-un buffer de N+2 cuvinte care este baleiat
pentru sumare si in acelasi timp se determina
valoarea maxima si cea minima, iar apoi se
scad aceste valori din suma si eventual se
realizeaza Tmpartirea acesteia la N. Pentru o
viteza mai mare se recomanda ca N sa fie
putere a lui 2 pentru ca impartirea sa se poata
face prin deplasarila dreapta.

Sincronizarea masuratorilor cu frecventa
retelei. In cazul in care zgomotul de retea
afecteaza puternic masuratorile se poate
utiliza sincronizarea achizitiei de date cu
frecventa retelei. Figura 3 ilustreaza principiul
metodei: se incearca reducerea efectului
tensiunii retelei asupra semnalului generat de
un senzor.
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Figura 3 Metoda sincronizarii masuratorilor cu

frecventa retelei

Numarul necesar de masuratori, N=10 in
cazul de fata, se imparte in doua parti egale,
iar a doua serie va avea loc exact dupa o
jumatate de perioada a frecventei retelei
.

Datorita faptului ca sin(pi+x) = -sin(x) rezulta

/2 fata de masuratorile din prima serie.
ca insumand rezultatele masuratorilor se vor
forma perechi Asinx, Asin(pi+x) reprezentand
zgomotul de la retea care se vor anula, deci se
minimizeaza influenta zgomotului de 50Hz (a
brumului). Tn cazul in care este necesara o
masurare se poate aplica aceeasi tehnica de
utilizare a proprietatilor functiei sinus, dar nu
cea indicata mai sus pentru ca amplifica
zgomotul. Astfel, in acest caz diferenta intre
masuratori trebuie sa fie o perioada completa
afrecventei retelei pentru ca sinx=sin(2pi+x).
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Metoda de mai sus se aplica, de exemplu, in
contoarele de energie termica, pentru ca
acestea trebuie sa masoare diferenta intre
temperatura apei pe tur si pe retur pentru a
Pentru generarea si
masurarea intervalului de timp T, ., se poate
timer disponibil al

calcula energia.

utiliza un modul
procesorului.

4. CONCLUZII

Reducerea zgomotului in sistemele
mecatronice controlate de microcontrolere
uzuale se poate face si prin metode software —
tehnici de filtrare numerica — usor de inteles si
simplu de implementat.

Microcontrolerele pe 16 biti de genul
familiei MSP430 de la Texas Instruments
indeplinesc cerintele tehnicilor de filtrare
numerica prezentate si se preteaza aplicatjilor
de comanda si control ale dispozitivelor
hidropneumatice, respectiv ale sistemelor
mecatronice de complexitate redusa.
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PNEUMATIC POSITIONING SYSTEM
WITHOUT PROPORTIONAL DIRECTIONAL VALVES

Prof. dr.eng. Mihai Avram, Prof.dr.eng. Constantin Bucsan, Eng. Victor Constantin

Politehnica University of Bucharest

Abstract :

The paper covers a pneumatic positioning system based on SMC

equipments that doesn't use any proportional way valves. Precision positioning is
obtained by implementing a algorith conceived by the authors. The algorithm is
programmed into Labview and allows for the setting of the target position, permissible
error and also creating working sequences. The paper shows both the SMC version
alongside the one created by the authors, including software and the experimental

model.

Keywords : pneutronics, positioning unit

1. Introduction

The first pneutronic positioning
systems started appearing around the year
1985. Due to the properties of compressed air,
it was belived that it will not be possible to
create precision pneumatic positioning units.
However, the high number of applications that
require quick and precise positioning was the
justification for research in this field. Such a
system (fig.1) is compresied of the following
equipments: a pneumatic cylinder MP, a
position transducer TP, a pneumatic

This case applies for a open loop
circuit. The current position of the unit is read
by using the position transducer, Tp and
compared to the value on C. The cylinder
stops when the two values coincide. Better
loops allow the system to read the value of the
power consumption and also the speed of the
system. Thus, a cascading loop control
systemis obtained.

Such a system can position a load at
any point on the cylinder's length. The
accuracy of the system depends on the

proportional directional valve DPP, the resolution of the position transducer.
braking system DF and a controller, C.
nF
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2. Pneumatic positioning system without
proportional directional valves — SMC
build

Positioning systems like the one above are
expensive, the most expensive part of the
system being the pneumatic proportional
directional valve included in the system. This is
the heart of the unit and due to the exceptional
conditions under which it must be produced it
can only be manufactured by a few
companies. Thus, there has always been a
desire to lower the price of such a system,
while mentaining the precision of the cylinder
so that a large number of users could aquire
such systems. A solution came from SMC,
which markets positioning systems that allow
for the workload to be moved to certain points
on the cylinder's path using only directional
control valves. However, precision can only be
obtained in certain points, within a minimum
distance of the start point. The structure of
such a system, according to the
documentation provided by the producing
company is presented in figure 2 and is
comprised of:

-a CEUZ2 controller; - away valve, DA,

- a break way valve DF; - PML, a special
pneumatic linear motor, with a incorporated
position transducer and a ML2 braking
system; - RP,, and RP,.pressure regulators ,
Dr,and D,,one-way flow control valves.

The controller's memory stores a algorithm
that allows for the cylinder to be positioned
with a certain error. In the STOP position, the
DF way valve activates the pneumatic brake
integrated in the cylinder's construction, while
the DA way valve feeds the same pressure to
both of the cylinder's chambers. Movement is
possible when the DF way valve is activated
and DA feeds air to one of the cylinder's
chambers. At a certain distance from the de
target position the controls for DA are setto 0
and movement continues due to intertia.
When the positioning unit is in the target
position, the brake will be activated. If the
positioning error is larger than required (this is
checked by reading data from the integrated
position transducer Tp) then the algorithm is
repeated and the distance at which the DA
way valve si deactivated is adjusted
automatically.
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3. Positioning unit without proportional
way valves — own solution

The next variant is the one developed
by the authors of this paper. For this solution,
the SMC controller was replaced with a data
aquisition system connected to the PCI port of
a PC with LabView programming enviroment,
version 7.1 installed. The control signals had to
be amplified using the circuit in figure 3. The
circuit uses optocouplers for glavanic
protection.
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The structure of the new system is presented in figure 3 while figure 4 is showing a overall view of
the experimental model.
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In order to position the unit a new algorithm was conceived, keeping in mind that it should produce

the same results as the one implemented on the SMC controller in the original version of the
system. The flowchart for the new algorithm is presented in figure 5.
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This algorithm was the basis for the new
program.

The program's stages are:

- Start — initialization of the DAQ board, initial
control signal verification,

- Start of movement towards the desired
position

- The current position of the unitis compared to
the braking position at every iteration of the
program.

- Locking the brake.

- Stop. The program compares the current
position to the desired position: if the two
values coincide the program is stopped,
otherwise the unit is returned to its inital
position and another attempt is made. The Y,
variable is modified to reflect the error of the
last unsuccessfull attempt. The system
repeats the algorithm until a satisfing result is
obtained.

Noiembrie 2010

After the unitis moved to the initial position and
the program is started, movement begins
towards the target position. Using a user
inputed value for Y, for the first attempt a first
positioning is done and a first error is obtained.
After the first attempt the unit is returned to the
start position. The Y, variable is corrected
according to the error obtained in the last try. If
after a certain number of retries the unit cannot
be positioned within a certain error, that error is
incremented with a user-inputted value. The
algorithm repeats until a satisfing result is
obtained.

The front panel of the application is show in
figure 6. As can be observed, the panel allows
forintervention on the target position value, the
maximum number of retries and initial braking
distance. Also, the panel is comprise of
indicators that output the current position of the
unit, the error and brake information. The
program's block diagram is shown in figure 7.
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Although it can be argumented that the
cost of the NI 6052E DAQ is equivalent to that
of the original components the solution was
chosen due to its availability. Future
development of a dedicated control system
would much decrease the overall cost of the
system.

4. Conclusions.

After testing the algorithm, the results
were similar to those of the original SMC
system, allowing for the load to be positioned
with a £0.1mm error. Among the advantages of
such a system we would like to underline the
user-friendly interface, the posibility to change
the parameters of the system while the unitisin
the process of positioning a workload and also
the option to store and analyise data obtained
from the unit.
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RAPID PROTOTYPING THROUGH SELECTIVE LASER SINTERING
FOR MECHATRONIC COMPONENTS IN INDUSTRY, ACADEMIA
AND RESEARCH

PhDs. Eng. Ciobota Nastase-Dan

NIRDMMT-National Institute of Research and Development for Mechatronics
and Measurement Technique, Bucharest, Romania,
Sos. Pantelimon 6-8, Sector 2, 021631, Bucuresti, ROMANIA

Abstract:

In this paper we presented a high-tech equipment of last generation. This equipment is
the endowment of major research institutes in the world and the largest producers of
high quality mechanical parts. Even geometry with a high degree of complexity can be
produced on this equipment, within a few hours and fully automatic. Accuracy and
detail are excellent roughness and the final piece does not require further processing.
The paper is based on the latest literature, which reflects the current state of
development area in the country and our world.

Keywords: mechatronics, biomechanics, rapid prototyping, rapid manufacturing, new
materials and processes, 3D modeling, CT scan

1.INTRODUCTION
1.1 Rapid Prototyping & Manufacturing

Rapid prototyping and manufacturing
technologies using materials and processes
have developed in recent years in several
directions, depending on the material used
and the technology of solidification of the
material.

Table 1. Synthetic table of the RP & M processes
(Rapid Prototyping and Manufacturing) and basic
materials used

modeling {FDM)

Tehnologia de Marerialul de
prototipare bazra
1| Selective inser sintering Thermoplasncs,
SLS) metals powder
2 Fused deposition ermoplastics,

eutectic metals

[¥F]

Stereolithoeraphy (SLA)

Photopalvmer

o]

Laminated object
manofacturing (LOM

Pape:

(=]}

Electron beam melting

Titanmm alloys

(EBM)
& 3D prmimg (3IDF) Vanous materials
7 Multi Jet Modeling Photopolymer
(MIM)
8 Polyjet mainx Photopolvmer

Implementation of this new technology took
place in the BMR-BIOMEDICAL
MECHATRONICS AND ROBOTICS
DEPARTMENT from NIRDMMT - National
Institute for Research - Development for
Mechatronics and Measurement, Bucharest,
ROMANIA.

Selective laser sintering equipment (SSL)
Version EOSINT M270 Titanium is in
compliance with these standards:

- Machinery Directive 98/37/EC, Annex Il A;

- Low Voltage Directive 73/23/ECC;

-EMC Directive 89/336/ECC.

DEVELOPMENT FOR MECHATRONICS AND
MEASUREMENT TECHNIQUE

B Net m

Currently we are unique in the country in
terms of facilities for the Selective Laser
Sintering technology for metals.
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Selective laser sintering (SSL), or SLS -
Selective Laser Sintering is a family of
methods that can build a solid body of various
types of materials (plastics, metal, ceramics
including rare metals or physical and
mechanical properties and biocompatibility
special) solidified powder material, following
exposure to particulate successive layers of
different laser powers.

Thus, one can obtain parts, assemblies and
subassemblies with any geometric complexity,
unachievable by other working. Moreover, the
process is fully automated, requires no
monitoring and control is achieved by
intelligent high-tech equipment.

Also, high-tech technology and equipment
conform to the following standards:

- EN ISO 12100-1, Publication date: 2004-
04 — Safety of machinery; Basic concepts,
general principles for design; Part 1: Basic
terminology, methodology (ISO 12100-
1:2003); German version EN ISO 12100-
1:2003;

- EN ISO 12100-2, Publication date: 2004-
04 — Safety of machinery; Basic concepts,
general principles for design; Part 2:
Technical principles and specifications
(ISO 12100-2:2003); German version EN
ISO 12100-2:2003;

- EN 60204-1, Publication date: 1998-11 —
Safety of machinery — Electrical equipment
of machines, Part 1: General requirements
(IEC 60204-1:1997 + Corrigendum 1998);
German version EN 60204-1:1997;

- EN 60825-1, Publication date: 2003-10 —
Safety of laser, Part 1: Equipment
classification, requirements and user's
guide (IEC 60825-1:1993 + A1:1997 +
A2:2001); German version EN 60825-
1:1994 + A1:2002 + A2:2001;

- EN 55011, Publication date: 2000-05 —
Industrial, scientific and medical (ISM)
radio-frequency equipment — Radio
disturbance characteristics — Limits and
methods of measurement (IEC/CISPR
11:1997, modified + A1:1999); German
version EN 55011:1998 + A1:1999;
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EN 61000-6-2, Publication date: 2000-03 —
Electromagnetism compatibility (EMC),
Part 6-2: Generic standards — Immunity for
industrial environments (IEC 61000-6-
2:1999); German version EN 61000-6-
2:1999;

- EN 12626, Publication date: 1997-07 —
Safety of machinery — Laser processing
machines — Safety requirements (ISO
11553:1996 modified); German version EN
12626:1997.

Since 2007, INCDMTM - National Institute -
Mechatronics and Measurement
Development, Bucharest, is fast growing in
terms of RP & M Technologies - Rapid
Prototyping and Manufacturing.

With the procurement and operation of such
equipment, INCDMTM reached a peak level of
equipment that allows participation in the
European consortium and / or international in
terms of scientific research, technological
development and innovation.

Thus, it can successfully face new challenges
in terms of innovative technologies in the
globalized economy and increased
competitiveness.

Laser sintering definition is:

A family of methods that can manufacture
parts from metal powder solidification of
successive layers deposited on a platform
built by exposing each layer of powder to a
variable power laser beam.

EDSINT M fyslems convert melal powder to
metal parts In & single, dirfect process

Loy
D i

ol pam o
CTRT

ARy

Figure 2. Working Principle EOSINT M 270
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1.2. Main categories of materials that can be
used for selective metal sintering machine
EOSINT M270 TITANIUM VERSION from
INCDMTM. This listing is not restricted,
various alloy powders are developed

TECHNOLOGIC PROCESS SEEN
STEP BY STEP

METAL POWDER

LASER SINTERING

FINAL PART

147

continuously

Numele materialului

Tip de material

I. DurectMatal 20 for
EQSINT M 270

very fime-gramed bronze-
based,  mmld-component

meial powder
pre-alloved  stamless
stea]l m fine powder foom.
1 EOS StaimlessStes] | [0 chemustry of EOS
FHI for EQSINT StamlazsSteal PHI
WM X70 canfomms ta tha

composifions of DIN
14540 and TINS 515500

3. EOS MaragingSteel
MS5] for EQOSINT
M 270 Systems

Thiz kind of steel iz
characterized by having
very good mechameal
properties, and bemg easihy
heat-freatzble wusmg  a
simpla  thermal — age-

hardenmz process to obizm
excellent lhardnes:  and
strength.

4. EOS StamlessStes]
GP1 for EQSINT
M2T0

This kind of steel s
characterized by having
good cotTosion resistance
and mechamocal properties,
especially excallent
ductility in laser processed
state, and 15 widsly used m
2 vanely of enginsering
applications.

5. EOS CobaltChrome
MP1 for EQOSINT
WM 270

sxcallent mechameal
properties (strength,
hardness etc), comesion
rasiztance and temperature
resiztance. Such allovs are
commonly usad m
biomedical  applications
such as dentzl and medical
mplants

& EOS CobaltChrome
SF1 for EOSINT M
270

Thiz matenal 15 1deal
for  prodwecing  dantal
restoratlons. Standard
processilg parametsrs e
full meltmg of the entire
geomaty with 20 pm layer

7. EQ% Titanmm Tidd
for EQSINT M 270
Systems (Titamum

Jersion)

Thiz well-knoam hght
allow 1z characterized b
having excallent
mechanieal properties and
corrosion resistance
combined with low specific
weight and
biocompatihality.
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Metal powder that can be used include a
variety of materials including stainless steel
implanted general use, cobalt or nickel
superalloys, titanium alloys or pure titanium.

All these materials have outstanding
mechanical and physical qualities, better than
cast or forged materials, so are suitable for
biomedical implants, parts for aerospace or
automotive industry.

Biocompatible properties, corrosion
resistance and low specific weight, combined
with the infinite possibilities of 3D geometric
modeling technology recommends this
method as a working tool of the future of
mechanical engineering, mechatronics and
robotics.

Parts obtained by this process can be further
processed as desired, if deemed necessary by
any known mechanical milling, turning, drilling,
boring, tapping, planing, shaping, grinding,
broaching, lapping, honing, micro shot-
peened.

Also, parts can be further processed by
sanding, polishing, welding, shot blasting,
metal, electrical and processing by coating.

We are also pleased that there has been
extraordinary openness we had from
universities and research centers in the
European Union and the world.

Thus stands the University of Maribor,
Slovenia, Faculty of Mechanical Engineering
by Mr. Prof. Univ. PhD. Eng. Igor Drstvensek.

Through this opening we hope to develop an
intensive cooperation regarding research area
of precision mechanics, mechatronics,
robotics and biomedical engineering.

In this regard we are engaged in research on
optimization for production of custom implants
based on CT scans and media processing and
3D CAD modeling, and analysis by finite
element method.

However operators will lead to quicker and
better preoperative planning, with direct
results on reducing hospitalization time, visual
effects and reintegration into society of
patients
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Together, we want to create a pole of
excellence in research at European level with
a favorable climate for research and
development of new technologies related with
CT and MRI medical imaging, 3D geometric
modeling osteo-articular structures,
mechanical and parameterization of FEM
analysis (Finite Element Method - Finite
Element Method), computer aided surgery
and quantitative evaluation methods and
corrective orthopedic surgery.

Metal parts directly from CAD data

A number of different materials are available
for use with EOSINT M systems, offering a
broad range of e-Manufacturing applications.
EOS CobaltChrome MP1 is a multi-purpose
cobaltchrome-molybdenum-based superalloy
powder which has been optimized especially
for processing on EOSINT M 270 systems.
Other materials are also available for EOSINT
M systems, including a special-purpose
cobalt-chrome-molybdenum-based
superalloy for dental veneering

application, and further materials are
continuously being developed - please refer to
the relevant material data sheets for details.
The ability to produce such parts very quickly
enables flexible and economic manufacture of
individual parts or batches, which in turn
enables design or manufacturing problems to
be identified at an early stage of product
development and time to market to be
shortened.

This new technology is used in top domains of
engineering and medicine, both for civil and
military purposes. The most advanced
engineering entity, National Aeronautics and
Space Administration (NASA), use the
EOSINT M270 machine, Titanium Version.

2. HIGH-TECH EQUIPMENT
TECHNOLOGY USED

2.1 Superalloy EOS CobaltChrome MP1
for EOSINT M 270

EOS CobaltChrome MP1 is a fine powder
mixture for processing on EOSINT M 270
systems, which produces parts in a cobalt-
chrome-molybdenum-based superalloy.
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This class of superalloy is characterized by
having excellent mechanical properties
(strength, hardness etc.), corrosion
resistance and temperature resistance. Such
alloys are commonly used in biomedical
applications

such as dental and medical implants (note:
widely used in Europe but much less so in
North America), and also for high-temperature
engineering applications such as in aero
engines.

The chemistry of EOS CobaltChrome MP1
conforms to the composition UNS R31538 of
high carbon CoCrMo alloy. Parts built from this
material are nickel-free (< 0.1 % nickel
content), sterilisable and suitable for
biomedical applications, and are
characterized by a fine, uniform crystal grain
structure. They fully meet the requirements of
ISO 5832-4 and ASTM F75 for cast CoCrMo
implant alloys, as well as the requirements of
ISO 5832-12 and ASTM F1537 for wrought
CoCrMo implants alloys except remaining
elongation. The remaining elongation can be
increased to fulfil even this standard by hot
isostatic pressing (HIP).

This material is ideal for many part-building
applications (DirectPart) such as functional
metal prototypes, small series products,
individualised products or spare parts.
Standard processing parameters use full
melting of the entire geometry with 20 ym layer
thickness, butitis also possible to use the Skin
& Core building style to increase the build
speed. Using standard parameters the
mechanical properties are fairly uniform in all
directions. Parts made from EOS
CobaltChrome MP1 can be machined, spark-
eroded, welded, micro shot-peened, polished
and coated if required. Unexposed powder
can be reused.
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Typical applications:

- prototype, one-off or small-series biomedical
implants, e.g. spinal, knee, hip bone, toe and
dental.

- parts requiring high mechanical properties in
elevated temperatures (500 - 1000 °C) and
with good corrosion resistance, e.g. turbines
and other parts for engines, cutting parts, etc.

- parts having very small features such as thin
walls, pins, etc., which require particularly high
strength and/or stiffness.

%.ZOEOS CobaltChrome SP1 for EOSINT M
7

EOS CobaltChrome SP1 is a cobalt-
chromemolybdenum-based superalloy
powder which has been especially developed
to fulfil the requirements of dental restorations
which have to be veneered with dental ceramic
material and has been optimized especially for
processing on EOSINT M 270 systems. Other
materials are also available for EOSINT M
systems, and further materials are
continuously being developed.

EOS CobaltChrome SP1isaCo, Cr, Moand W
based alloy in fine powder form. Its
composition corresponds for type 4 CoCr
dental material in EN ISO 16744 standard. It
also fulfills the chemical and thermal
requirements of EN ISO 9693 for CoCr PFM
(porcelain fused metal) of dental materials (Ni
content: < 0.1 %, no Cd or Be) and
requirements of EN ISO 7504 and EN ISO
10993 regarding the biocompatibility and
cytoxity of the dental materials.

This material is ideal for producing dental
restorations. Standard processing parameters
use full melting of the entire geometry with 20
um layer thickness.

Standard processing parameters use full
melting of the entire geometry with 20 ym layer
thickness, butitis also possible to use the Skin
& Core building style to increase the build
speed.

Typical application:

- dental restorations (crowns, bridges etc.)

EOSINT M —Advantages

"1 Net-shape metal parts created directly in
one step; no binder removal, generally no
post-machining;

1 Very high geometric flexibility (e.g. free-
forms, deep slots and curved cooling
channels);

) Fully automatic operation, high productivity
and low personnel costs; low level of training
and experience necessary;
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— Low material consumption; optimal usage 3.2 Examples of industrial applications
of material, unsintered powder can be reused; from mechatronic field

— Compatibility with other processes; parts
can be milled, drilled, welded, etc.

3. EXAMPLES OF INDUSTRIAL
APPLICATIONS

3.1 Examples of industrial applications
from medical and biomedical field

3.3 Examples of industrial applications
from precision mechanics field
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3.4 Examples of industrial applications from
aerospatial engineering field

Titanium alloys offer a unique combination of
properties for many biomedical applications.
Summary of important biomedical properties:

- Excellent corrosion resistance,
biocompatibility and bioadhesion;

- Titanium and its alloys are used for
many biomedical and dental applications
(implants, screws, crowns...).

Proparty Stainiess steel  Titanbum allays Ertnlliur'i HbTa

Carrasion resistance i o
o - i

Blocompatibility q = - b

Bioadhesion +]

Prlco 4

Figure 5. Summary of important biomedical
properties

Titanium alloys offer a unique combination of
properties for many engineering applications.
Summary of important engineering properties:
— Light weight material with high specific
strength (strength per weight)

— TiBAI4V with high strength also at elevated
temperatures

— The combination of mechanical properties
and the corrosion resistance is the basis
forapplications in Formula 1 and aerospace.
Various grades of Titanium (alloys) are
commonly used inindustrial applications.

Table 2: Summary of the most important
Ti materials

Matsrial nams Cnmp==aikine Typleal applicstons
CP Tl grade & TH 0 <M, L% N0, 0% Madical ard deres
CP T gailn 2 Tig €3 £E.2EN,, H 25018 leik"'ljl_?lfi"ﬁ'
P Ti giade 3 Tiz O £0.38%, h < 0.23% Feadical aind derma
[ CP T grade 4 TG« Cdlfa, Wow D05 Feedical <nd dera
meaiay (amde 8] | o ok p o | oee, e e et
THEAMY ELT o I"E_;EE.:J\._ ‘,I: ;'.'!?-'E"-\ Fadical ard derrm

CP = commercially pure, ELI = extra-low interstitials
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Uses of CAD and Rapid Prototyping in
medicine

Combined with traditional CT scanning
techniques rapid technologies (prototyping
and tooling) can be used as instruments for
better (three-dimensional) visualization,
simulation of procedures and treatment of
patients.The CAD models, virtual model of a
human body or a part of it can be used to study
the problematic area before the actual
operation starts. This is especially important in
cases where functionality of the body part has
to be re-established (orthopaedic surgery).
Besides the continuous flow and other FEA
methods that are used to calculate required
mechanical and physical properties of the
implant, the virtual models can also be used to
study the surgical procedures, like directions
of implantation, required preoperational
treatments and preparations, etc.

Figure 7. CAD model on human vertebrae
used for FEM analysis

The easiest way to reconstruct the structure of
a patient's bones is to use those CT images
that already exist from previous treatments of
the patient. A set of CT images can be
converted into a three-dimensional, digital
model using one of the available conversion
software, such as: Mimics (Materialise),
RapidForm (Inus Technology), 3D doctor
(Able Software), Amira (Marcury Computer),
or others. The input to this software is usually
in the form of DICOM files and output is
predominantly STL (Standard Tessellation
Language), which can be directly used in most
RP technologies to produce real models
(Figure 1).
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Figure 8. CT scan used for analysis

Three dimensional reconstruction of DICOM
images in a form of STL file can be further
manipulated by several CAD software. The
usual 3D modelers based on parametric,
volume modeling techniques are not very well
suited to the task. Newer versions of these
software packages (SolidWorks 2008,
Delcam, etc.) enable manipulation of
triangulated surface files, but using dedicated
software, known from Reverse Engineering
fields, such as Magics (Materialise),
RapidForm, PolyWorks (InnovMetric), or
others is much more effective in terms of time
and effort. Using these software and STL
models of scanned body parts, missing tissue
can be modelled and saved as new STL files.
These can be further processed or used for
the production of real implant models by
means of RP or RM technologies. CAD
modelling of the implant was performed using
several reverse engineering software
packages.

Another interesting idea is to use a
combination of CT and RMN images.

3. THE IMPACT OF THE
IMPLEMENTATION OF RAPID
PROTOTYPING TECHNOLOGY

EOS has successfully produced parts in

Inconel
alloys on EOSINT M 270.
Description

— Material type

nickel-based superalloy, commonly used for
high-temperature engineering applications
such as aerospace turbine parts
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—Alternatives
can in many cases be substituted by
EOS CobaltChrome MP1

— Commercialization status
sofaronlyin R&D

Figure 9. Example of the complexity
of the design

EOS has successfully produced parts in gold

on
EOSINT M 270.
Description

— Material type

precious metal, used in various purities / alloys
for jewellery, electronics and dental
restorations

—Alternatives

currently no comparable commercial material
available

for EOSINTM

— Commercialization status
sofaronlyin R&D

5.1 Various grades of Titanium (alloys)
commonly used in industrial applications

Under the direct supervision of EOS specialist,
Dipl. Eng. Deniz Demirtas, we build an
impressive amount of difficult parts for
neurosurgery and orthopaedic implants. The
results were impressive.

Table 3. Mechanical properties of
conventional barstock

Haterial name T=nsll= strength ' | HPa | Elongation at break * | %4 |

TP Ti yrachs 1 2an EL|

TP Ti auach T 14 2t

LF Tl grade 3 150 e

LP Tl grade 4 770 13

TIearay (grace &) b53 i

CP = commercially pure, ELI = extra-low interstitials
(*) Source: Euro-Titan Handels AG, Solingen, Germany
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EOS Titanium - light alloy materials for

prototyping and series production

Characteristics and applications
— Several versions will be available
*EOS Titanium Ti64 (Ti6AI4V)

*EOS Titanium Ti64 ELI (higher purity)

*EOS Titanium TiCP (commercially pure)

— Key characteristics

*lightweight

*high strength

*biocompatibility

— Typical applications

*aerospace and engineering applications
*biomedical implants

Malinial Losl

Maimtemenee Cisi
Fotal Cost
Sdaghmig L

Lahini el

i ||'|.';..1||||| { BT

il e
Figure 11. Parametric cost model
EOS Titanium Ti64 parts fulfil relevant
industrial standards and relevant

requirements.
Physical and chemical properties:

— Physical properties
*laser-sintered density: approx. 100 %
*only single pores
— Chemical properties
*laser-sintered parts fulfil requirements of
ASTM F1472 (for Ti6Al4V) and ASTM F136
(for Ti6AI4V ELI) regarding maximum
concentration of impurities
oxygen <2000ppm or 1500ppm
nitrogen < 700ppm
— Bioadhesion
*cell growth tested with good results

EOS Titanium Ti64 produces parts with
excellent mechanical properties.

Prop=rty Walus

Ulinzals Lersdle nliemgth appas, 11000 MFa Apreaz. 189 ka

¥l=id strengkh [Rp 0.2 %) Appaz ., 1000 MEa ‘ apmmaE. 175 kel

Young's Modulus aaprex. LU GFa 33070, 17 me

Elangation at break Anpriee. &

Hordness ap@raxs, 450 HY « 45 =30 « IS HE

Figure 11. Mechanical properties
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Figure 12. Example of the complexity
of the design

EOS Titanium Ti64 produces fully dense parts
with dendritic, martensitic grain structure.

Metallurgy:
Typically martensitic structure with grains
growing from layer to layer

*preferential Z orientation
*grain size >> layer thickness

EOS Titanium TiCP produces fully dense parts
with very fine, uniform grain structure.

EOS Titanium TiCP produces parts with
excellent mechanical properties.

Fropu Ly Waluw

ULl tunesile winwmglh Al BET MW

Wcid sbrength (Rp 0.2 e Al

Wanrng's Hadnlus caae, LIS EF FETSTLI: BRI

Fiangathon at break Laaow. ZX 4 BN

Figure 13. Mechanical properties

5.2 Main advantages of rapid prototyping
technology

Finally, to name just a few of the key
advantages of this technology:

- no tooling or part-specific tools required

- no tool path generation or design of EDM
electrodes necessary

- metal parts created directly in one step

- simple, fully automatic operation

- complex geometries such as freeforms, deep
slots and conformal cooling channels

can be produced without additional effort

- unsintered powder can be reused, giving
minimal waste.
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5. CONCLUSIONS

The functional and design capabilities of a
metallic implant material are important with
respect to the metal's ability to be formed,
machined, and polished. An implant metal
must be capable of being utilized with state-of-
the-art metallurgical techniques. In addition,
the implant device must remain functional
during its expected performance life; it must
not be degraded with time in the body through
fatigue, fretting, corrosion, or impact loading.
Titanium and its alloys meet all of these
requirements.

Many different kinds of parts have been builtin
EOS Titanium Ti64.

Figure 15. Examples of parts builtin EOS superalloy
CoCrMP10onINCDMTM

The principles of design, selection of
biomaterials and manufacturing criteria for
orthopedics implants are, basically, the same
as for any other product that must be
dinamically stressed. However, even the
replacement of human tissues with materials
similar in shape and density seems tempting,
in fact this is much difficult task to undertake.
That is because the living tissue has some
extraordinary caracteristics including the
capacity of remodeling both micro structural
and macrostructural under the different
directions loads.
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Figure 16. Examples of parts built in EOS
superalloy CoCr MP1on INCDMTM forindustry

Orthopedics will emerge as the single most
promising source of future investor returns in
healthcare, given the confluence of
demographics, technology and global
expansion. While other healthcare sectors
such as cardiovascular devices, cancer or
biotech may have been more lucrative in the
past, what the American Association of
Orthopedic Surgeons (AAOS) calls the
"Decade of Orthopedics" provides the best
opportunity for future investor profits in
healthcare.

Figure 17. Examples of parts built in EOS
superalloy CoCr MP1 on INCDMTM for
orthopedy, neurosurgery and maxilofacial
implants
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A number of elements will create this
opportunity for the nextten years:

- Increased life expectancies, which is a
powerful demand driver that uniquely favors
orthopedic devices.

- Technological innovation, which will
change the entire complexion of the industry.

- Attractive industry economics and
profitability.

- Combined, these elements will cause
the industry to grow more than twofold, from
$30 billion per year to $65 billion in the coming
decade, resulting in as much as $40 billion of
potential investor profits.

This combination of factors supports
sustained, attractive industry valuations.

We must understand that science and
innovations are keys to SUCCESS.
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Rezumat.

Tehnologiile moderne in domeniu componentelor pasive au condus la
dezvoltarea de materiale cu rezistenta scazuta, cu suprafata utila marita, cu o
distanta foarte mica intre doua conductoare ceea ce permite inmagazinarea unei mai
energii sub forma de sarcina electrica foarte mare. Stocarea sarcinilor in dublu strat
este un proces de suprafata, in concluzie caracteristica suprafetei armaturii
influenteaza direct capacitatea supercondensatorului. Tehnologiile actuale de
realizare a supercondensatoarelor permit realizarea unor EDLC-uri si a unor
condensatoare Litium lon care au un curent de pierderi cu o variatie in timp destul de
mare si mai ales dependent de temperatura mediului si a curentului maxim ce
poate fi debitat.

Lucrarea prezinta doua tipuri de condensatoare moderne si aplicatiile specifice
utilizarii lor pe un tandem cu un acumulator cu Pb pentru reducerea greutatii/unitatea
de energie si costurilor specifice.

1.Introducere

Dezvoltarile tehnologice in domeniu componentelor electronice pasive au condus la
dezvoltarea de materiale cu rezistenta scazuta, si cu suprafata utila marita, capabile sa
inmagazineze mai multa energie sub forma de sarcina electrica. Aceste dezvoltari in
combinatie cu aprofundarea teoretica a fenomenelor de transport de sarcina ce apar in
materialele de tip dublu-strat au condus la dezvoltarea de condensatoare cu capacitate
ridicata, cunoscute ca dispozitive EDLC (Electrochemical Double-Layer Capacitor) si la
condensatoare Litiu lon. In momentul actual EDLC-urile si condensatoarele Litiu lon au
aplicatii deosebite in domeniul auto si ca sursa pentru alimentarea unor consumatori cu
energie mare instantanee. Au dimensiuni relativ mici in comparatie cu cantitatea de sarcina
inmagazinata (vezi Figura 1.)

Figura 1. Dispozitive moderne de acumulare de sarcina: (a) Supercondensatoare EDLCs 10
F/2,5V; (b) Condensator Litiu lon 200F/3,8 V [11]
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2. Principiul de functionare

Principiul de functionare al condensatorilor
electrochimici este similar cu principiul de
functionare al condensatorilor electrostatici
(conventionali).

Condensatorii electrochimici stocheaza
energia intr-o maniera similara, doar ca sarcina nu
este acumulata pe cele doua armaturi. Sarcina se
acumuleaza la interfata dintre suprafata
conductorului si o solutie de electrolit, (vezi Figura
2.). Sarcina acumulata formeaza astfel un dublu
strat incarcat electric, separarea dintre fiecare
stratfiind de cativa Angstromi.

O estimare a capacitatii poate fi obtinuta
din modelul dublu strat propus de Helmholtz n
1853, in care dublul strat este considerat a fi
compus din doua straturi simple incarcate
electrostatic. Un strat se formeaza pe armatura si
celalalt strat este compus din ionii din electrolit.
Capacitatea specifica a acestui strat dublu este
data de ecuatia de maijos

Noiembrie 2010

unde:

C - capacitatea condensatorului

A- aria armaturii

£ - constanta dielectrica a mediului dintre
cele doua straturi (electrolitul)

& - distanta dintre cele doua straturi (distanta

dintre suprafata armaturii pana la centrul
stratuluiionic).

Armaturile sunt confectionate din materiale
care au suprafata efectiva prelucrata pentru a
mari suprafata stratului dublu, cum ar fi:
carbon poros, carbon depus prin procedeul
aerogel. In structurile, EDCL se pot obtine
densitati mari de energie datorita capacitatii
specifice mari. Aceste capacitati sunt obtinute
prin:

-existenta interfetei armatura/electrolit pe
toata suprafata armaturii

existenta stratului subtire de separare a
sarcinilor, de dimensiuni atomice

£-4
C=——"
4md
Separator Separator
-I-J“ - +
't-l == s,
ta + Incarcare at ®©
o | & » |
e I *a = = I &
4 = + + g
+® 4 & Descarcare +
ey - . ,_ﬂ!
4 b I + t \-:—‘II =

Electrod negativ
din carbon

Electrolit

Electrod pozitiv
din carbon

Figura .2. Mecanismul de stocare in condensatoarele electrochimice
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3. Parametrii EDLC-urilor

Noiembrie 2010

Principalii parametrii a unui EDLC sunt: tensiunea nominala, curentul de scurt circuit si curentul de
pierderi. Ceilalti parametri sunt prezentatiin tabelul alaturat:

TABEL 1. Parametrn EDLC-ubn

Faram ater Velua
Cprer stz L era fUTe A0 w+T0T
Faled witags 2.5VDC
dmgs wias 3IVDC
Caprac avwe tolr e - 0% Lo +R0% =
Terper are +TOTC [AC/C [<30%, ESR=100% of specified value of 251
Chara cteritics 40 T |40C [<50%, ESRS400% e of specdied yalos a1 25T
Hizh Tengerinxe load After 1000 hams, +70 T £2, nominal wvoltage, [ACC][<30% of the matil

meenmed vilie, ESRES400% of the matial pecified vabe

High Temperabrs wihodt

After 1000 homs, +70 T +2, noowmal

bad voltage, |ACAC|<E0% of the mitalmessared vabie, ESR=200% of the mitil
specified vahe
Bftar +400C 52 - DO-DSKEH + 240 bow [ACIC | S30% of the Rith] meanyred vihe
Fhnmidity Fasktace IL=200% of fhe il specfiedvahae ESR=4 thwe of the xutial specified vahue

Parameirii condensatoarelor Litiu —lon

Nominal [nfermal
Mux VDC | MinVDC | Capacitance | Resistance | Dimensiors (1)
Model (V) (V) (F) (m2) gD | L |ed | P
LIC1235R. 3R8406 38 22 40 150 1251350| 08 | 50
LIC1240R. 3R8107 38 22 100 100 180|400 08| 8D
LIC2540R. 3RE207 38 22 200 50 250|400 10 |130

4. Baterie de supercondensatoare
Deoarece super condensatoarele au
tensiuni nominale foarte reduse, (2,5-3,8V)
pentru o utilizare mai comoda la tensiunile
uzuale din aplicatii industriale sau de larg
consum (5V, 12V, 24V, etc.) este necesara
conectarea acestora in serie. Conectarea in
serie are si unele dezavantaje cum ar fi
reducerea capacitatii totale, de exemplu
pentru 5 condensatoare cu capacitatea de
10F conectate in serie capacitatea
echivalenta este C/5=2F. Un alt parametru
care este afectat de conectarea serie este
rezistenta echivalenta serie ESR, care este
evident ca se obtine prin insumarea
rezistentelor serie ale condensatoarelor
individuale. De asemenea, aici functioneaza
principiul ,verigii slabe”, un condensator
defect sau cu o rezistenta serie crescuta
afecteaza tot lantul de condensatoare.
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Pe langa conectarea in serie, pentru
cresterea capacitatii de inmagazinare a
energiei, condensatoarele se conecteaza si in
paralel, realizdnd baterii serie-paralel, care
sunt disponibile sub forma de ,bancuri” de
condensatoare ce prezinta o tensiune
nominala si o capacitate superioara unui
condensator individual.

Intr-o astfel de combinatie cel mai
important aspect este mentinerea tuturor
condensatoarelor in limitele tensiunii
nominale. Solicitarea unui condensator la o
tensiune ce depaseste valoarea pentru care a
fost proiectat conduce de cele mai multe ori la
deteriorari ireversibile si in final la distrugerea
condensatorului. Aceste consideratii sunt
valabile in general pentru toate tipurile de
condensatoare sau de componente pasive,
dar trebuie sa fie avute in vedere in special
pentru supercondensatoare, in vederea
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protejarii lor la supratensiuni. Daca
unui EDLC i se aplica o tensiune mai mare
decat cea admisa, electrolitul incepe sa se
descompuna, rezultdnd un produs gazos.
Daca procesul continua o perioada de timp
mai mare presiunea formata poate deschide
supapa de siguranta a condensatorului. Daca,
in continuare se mentine tensiunea ridicata, o
cantitate tot mai mare de electrolit se
descompune si se vaporizeaza pana ce
rezistenta interna a condensatorului creste si
la limita condensatorul ajunge sa fie un circuit
deschis.

R4 Rz R
] | | 1 I I l I |1 l
11 I 11
c1 Cz C3
Sarcina/
incarcator

a)
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Pentru a mentine tensiunea egala la
bornele condensatoarelor se utilizeaza
rezistente, numite rezistente de egalizare
conectate in paralel cu fiecare condensator ce
este conectat in serie. Este posibil sa se
utilizeze varianta pasiva, clasica, prezentata
in 3.a) sau varianta de egalizare activa
prezentatain 3.b).

COM=comiizator electronic

Sarcind/

iresredor

b)

Figura 3. Egalizarea tensiunilor la gruparea serie a condensatoarelor: (a) pasiva
(b) activa cu dispozitive de comutatie electronice [8]

Ambele tehnici au atat avantaje cat si
dezavantaje. La egalizarea pasiva,
rezistoarele plasate in paralel trebuie sa
absoarba curentul necesar pentru a realiza
echilibrarea tensiunilor. Valoarea rezistentei
trebuie aleasa astfel incat prin ea sa treaca un
curent de 2 ... 10 ori mai mare decét curentul
de fuga initial al condensatorului |, acesta
avand cea mai mare valoare, dupa care scade
intimp. Acest curent poate atinge 1... 3mA.

Egalizarea pasiva are avantajul
pretului redus si al usurintei de punere in
practica, principalul dezavantaj fiind ca
rezistentele sunt conectate in permanenta in
paralel cu condensatorul, chiar cand nu au rol
util, solutia fiind astfel ineficienta din punct de
vedere energetic.

Metoda de egalizare activa se bazeaza
pe structura celei pasive cu introducerea unui
dispozitiv de comutatie activ de tipul unui
tranzistor bipolar sau MOSFET conectat in
serie cu fiecare rezistor.
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Comutatoarele sunt controlate de un
circuit de detectie a tensiunii care comanda
inchiderea comutatorului numai atunci cand
tensiunea pe condensator se apropie de o
valoare periculoasa pentru functionarea
acestuia, de exemplu 2,68 V pentru
condensatorul cu tensiune nominala de 2,7 V.
Aceasta tensiune este numita ,tensiune prag
de bypass”.

In Figura 4 este prezentat un circuit de
egalizare activa. Rezistorul de egalizare, R,,
este de tip axial de 2,7-Q/5-W cu pelicula de
oxizi metalici. Tranzistorul comutator, T,, este
de tip BC868 sau alt tranzistor bipolar
echivalent de tip NPN in varianta SMD in
capsula SOT89. Circuitul integrat IC, este o
sursa de tensiune de referinta de precizie, de
tipul circuitului TL431, si este utilizat pentru a
stabili valoarea tensiunii de prag (2,68 V) la
care tranzistorul T, este deschis.
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Din punct de vedere al realizarii practice circuitul de egalizare este realizat pe o placa de circuit
imprimat montata pe contactele de tip surub ale condensatoarelor, cain Figura 5

x LT
el T T .
Pl [y

Figura 4. Circuit de egalizare activa [9] Figura 5. Baterie de supercondensatoare cu
modul de egalizare activa

—
d g AN =0

l— _endensatr —]

5. Comportarea supercondensatoarelor in timp si temperatura

Tehnologiile actuale de realizare a supercondensatoarelor permit numai realizarea unor
EDLC care au un curent de pierderi cu o variatie in timp destul de mare si mai ales dependent de
temperatura mediului si a curentului maxim ce poate fi debitat. In Figura 6 este prezentata variatia
tensiunii la bornele unui supercondensator la diferite temperaturi, unde se observa ca dupa 100 ore
de la incarcare tensiunea in gol la bornele EDLC scade aproximativ la jumatate deci implicit si
sarcina inmagazinata. Temperaturile peste 30°C duc la o descarcare substantiala, ceea ce in unele
aplicatii este un mare inconvenient. De asemenea, cu cat curentul ce il poate debita un EDLC este
mai mare, cu atat tensiuneain gol la trecerea timpului scade mai rapid.

24

20
1)
-
-
T=u 15
LT
[
Timp [h
12 . . . . - ':-! ]
0 20 40 60 80

Figura 6.Variatia tensiunii la bornele unui EDLC in timp si la diferite temperaturi[10]
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6. Aplicatiiin domeniul automobilelor

O baterie de supercondensatoare nu va
putea sa stocheze suficienta energie pentru
regimul de functionare cu, curenti medii pe o
perioada de timp indelungata. La fel bateria de
acumulatori cu plumb ar trebui
supradimensionata pentru a putea livra
energia necesara functionarii regimului
varfurilor de curent mari la pornirea unui motor.
Supradimensionarea unei baterii de
acumulatori cu Pb ar conduce la cresterea
masei si a costurilor sistemului. O sursa hibrida
formata dintr-o baterie de condensatoare si 0
baterie de acumulatori cu Pb ar reduce
greutatea sistemului cu aproape 60% si o
diminuare semnificativa a costurilor.

Analizdnd Figura 6 se consta ca pe
parcurs ce temperatura creste, energia
inmagazinata in EDLC scade foarte mult in

timp. Separand cele doua fenomene la
temperatura joasa si ridicata, utilizarea
supercondensatoarelor intr-un sistem, in

domeniul auto, se face cu ajutorul unor circuite
electronice care separa acumulatorul cu Pb de
bateria EDLC pe timpul stationarii. Circuitul
electronic trebuie sa separe momentul de
consum mare de putere de timpul cat (de
exemplu) un autovehicul ramane in stationare.
Pentru acesta se impune un circuit care sa
cupleze (momentul de timp f) in paralel pe
acumulatorul cu Pb bateria EDLC, numai cu

Noiembrie 2010

cateva secunde (n) inainte de
actinarea demarorului, pentru a acumula
sarcina. In aceste n secunde EDLC absoarbe
energie din acumulatorul cu Pb si ajunge la
sarcina maxima. La monentul de timp ,t+n”
secunde sistemul este pregatit sa debiteze un
curent foarte mare necesar demarorului.
Curentul ce actioneaza demarorul este luat nu
numai din acumulator ci si din EDLC, care se
afla cuplat cu acesta in paralel. Acest lucru
este necesar pentru ca in decursul timpului,
adica n stationare timp indelungat (in special
la temperaturi mari) EDLC-ul pierde sarcina,
spre deosebire de acumulator care nu pierde
(el chiar are o energie crescuta).

Avantajul pe autovehicul al acestui
tandem acumulator cu EDLC este reducerea
greutatii/unitate de energie. Exemplu se poate
folosi Tn loc de un acumulator de 60A/h care
are un curent de circuit de 500A, un sistem
format dintr-un acumulator cu Pb de 25Ah cu
un curent de scurt circuit de 100 Asi un EDLC
cu un curent maxim de 400 A/h. In acest fel la
momentul de timp t+n, este disponibil curentul
de 100A ai acumulatorului cu Pb plus curentul
de 400A ce poate fi livrat de EDLC timp de
cateva secunde, suficient pentru a porni
motorul, in special motorul diesel. Pornirea
motoarelorsefacein 1... 3 secunde.

Firmele specializate pot produce un astfel de circuit (vezi Figura 3.), circuit ce poate egaliza
tensiunea pe EDLC sicel din Figura 7. de supravegherea bateriei EDLC

+
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1 :
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Figura 7. Circuit electronic de comanda al sistemului Acumulator cu Pb si Baterie EDLC
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La actionarea contactului cheie de catre
conducatorul auto (momentul de timp t), se
aplica tensiune nu numai pe consumatorii
uzuali de pe auto ci si la intrarea circuitului de
comanda si temporizare, care va inchide
contactorul static. Incepe initializarea
calculatorului de aprindere si crearea de
presiune in sistemul de alimentare. Dupa un
timp (n secunde) se trimite 0 comanda catre
calculatorul de aprindere, se sting martorii de
pe bord si este liber la actionarea demarorului,
bateria EDLC a Tinmagazinat suficienta
energie pentru a compensa sarcina pierduta in
timpul stationarii. La actionarea demarorului
curentul avut la dispozitie (I,)pentru demaror
este I, plus |, Cum [, este aroximativ 100A, |,
poate fi, in functie de tipul de EDLC, aroximativ
300A. Curentul total avut la dispozitie pentru
actionarea demarorului este de 400A care
inlocuieste curentul de scurt circuit al
acumulatoarelor mari de 60 ...70Ah. In timpul
functionarii motorului, masgina electrica
(alternatorul) de pe autovehicol incarca nu
numai acumulatorul ci si bateria EDLC. La o
noua pornire circuitul de comanda si
temporizare masora in primul moment
tensiunea de pe EDLC. Daca tensiunea este
mare, adica a pierdut sarcina in cantitate mica
atunci timpul n cat trebuie sa stea pana la
pornire este micsorat cu o constanta de timp,
constanta ce se poate deduce de pe
caracteristica.

7. Concluzii

1. Elementele constructive ale unui
supercondensator ce au un impact direct
asupra performantelor acestuia sunt
electrolitul, separatorul siarmaturile.

2. Proprietatile suprafetei unui material
utilizat la fabricarea armaturii au un impact
semnificativ asupra capacitatii specifice, la fel
ca si proprietatile chimice in cazul in care
apare pseudocapacitatea. Momentan,
materialele cele mai raspandite pentru
fabricarea armaturilor sunt carbonul activ si
polimerii conductori iar oxizii metalici
reprezinta o alternativa de viitor.
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3. Electrolitul influenteaza direct
capacitatea specifica si are un impact direct
asupra densitatii de energie. Solutiile apoase
de electrolit au o conductivitate mai buna
decat solutiile organice, dar au o tensiune de
strapungere mult mai mica.

4. Proprietatile separatorului au de
asemenea un impact direct asupra
performantelor supercondensatorului

5. Circuitul de comanda si temporizare
trebuie sa ia considerare pentru stabilirea
timpul de temporizare doua probleme
tensiunea existenta pe EDLC la momentul t,si
temperatura de lucru a intregului ansamblu.
Acest timp poate ajunge chiar si sub o
secunda
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Abstracts: In this paper is presented a hydraulic system used to balance the scenes of heavy

vertical lathes and milling machines,

fixed or movable gantry (GANTRY).

Also, is presented the Hydraulic scheme and the methodology for calculating the static and
dynamic emphasis on simulation methods. Finally, experimental results are presented for

vertical lathes SC14-33CNC range.

Keywords: Heavy machine tools, balancing, kinematic advance chain.

1.NECESSITY OF BALANCING

Electromechanical systems for moving large
masses vertically, in the presence of high
inertial forces, require high power and motion
processing elements (usually screw-nut)
gauge [1]. For these reasons, price and power
consumption have undesirable large values.
Kinematic chains used to ensure maximum
speed can reach 12 to 15 m / min, and
acceleration times and maximum braking
times are the order of 0.1 - 0.2 s. From these
considerations, the resulted accelerations is
the order "g/ 4", accelerations which in
presence of masses of tens of tons, lead to
significantinertial effects.

The idea behind building a balancing system is
taking the moved weight by a different system
than the kinematic advance chain. Taking may
be wholly orin partorevenit can be a so-called
super takeover. Taking in part is the most
widely used and it usually consists in
downloading the kinematic advance chain by
80-85% of the displaced mass. The total
taking is more of a theoretical aspect, for
calculation, when is considered the 100%
takeover of the mass, and not used in practice,
due to the fact that at reversals of way can
occur the phenomenon of settlement on
different sides of the nut, which can result in
non-taking the clearance.
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If the balance force exceeds the weight, is
made more than downloading, a pre-stressing
with effects of settlement on the opposite side
than the one where sits in the presence of
weight.

Balancing systems, in terms of the acting
mode are:

- Mechanical, Figure 1;
- Hydraulic, Figure 2.
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In case of mechanical balance, counterweight
balances null load, but it doubles the mass of
the system, which reduces the applied
accelerations and increases the resistance
structure of the machine. In case of hydraulic
balancing, the load is balanced by the
pressure created in the circuit and applied to a
hydraulic motor MHL [2]. Mass increase is
insignificant and higher accelerations can be
obtained if the hydraulic system responds
favorably. Machine-tool construction is "slim"
and the gauge is greatly reduced. This is the
most common solution for CNC machines.

In the above figures were made the following
notations: G-balance weight, ME1-electric
motor for driving the advance kinematic chain,
R-reducer in the kinematic advance chain,
PDC-constant flow pump, ME,-engine for
driving the pump, SP-pressure valve, M-
manometer, Rp -pressure relay, Rz-tank,
LCA- kinematic advance chain, p-step of
driving screw, M-manometer. Diagram in
Figure 2 is a schematic diagram, in reality
more complicated, as we shall see below.

MHL
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2.BALANCING THE SCENES AT VERTICAL
LATHES AND MILLING MACHINES
PORTAL

For vertical lathes and milling machines with
portal, in CNC variants [3], the most commonly
used schemeis shownin Figure 3.

PDV is vane pump, adjustable flow and
pressure regulator, the response time being of
the order of 0.1 s. During the phases of and
STOP, the regulator provides a maximum
pressure of 75 daN/cm®. For the descent
phase, SP-pressure valve provides at
consumer constant pressure of 85-90
daN/cm®. The scheme was completed with a
hydraulic accumulator, Ac. It performs many
functions: cushioning pulsations, ensure the
flow peaks, takes over any changes in volume
due to temperature and provides load during
the STOP phases [4].

In figure 3, were also noted: Rz-tank, MHL-
hydraulic linear motor, with plunger, M1 and
M2-pressure gauges, Ss - check valve, ME-
electric motor of driving the pump.
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3. MATHEMATICAL MODELING OF
HYDRAULIC BALANCING SYSTEMS

The above presented systems are used in
heavy machine tools, such as lathe mills,
SC14-SC43 range, as well as in boring and
milling machines (AFP). In case of lathe mills
is balanced the slides (Z axis) and in boring
and milling machines the encasings (Y axis).

PDV pump, with pressure regulator, is a
variable flow pump, types axial piston or
blades pump recommended, that operates
according to the characteristic of Figure 4.

If the working pressure p is less than p11, the
pump provides maximum flow required. If the
pressure exceeds the p11, but is lower that
p12, the flow can take any value between 0
and Qmax. Displacement of the balanced load
is performed using the kinematic chain of
respective axis, as shownin Figure 5[5].

Electric motor ME, through reducer R,
actuates the driving screw SC. Load is so
moved by the two systems: kinematic advance
chain and balancing installation. Since
maximum requests appear when lifting the
load, this case will be studied further.

For balanced slide, shown in Figure 5, when
lifting in dynamic regime, the following
relations can be considered:

M-Q+M-g=p-S+F1 (1)

dt
V., dp
=S-v+a p+—24.— 2)
¢ P
Qmax’pgpll;
Q: Qmaxhu’pll<p<p12 (3)
P~ P
0,p2p),

In relationship 1-3, were noted: M - reduced
mass of the displaced load, p -instant
pressure from balancing installation; S -
balancing piston surface; F1 - the force
required to driving screw (SC), a - linearized
coefficient of flow losses proportional to
pressure; VM - the average oil content of the
balancing cylinder, E - modulus of oil elasticity,
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Q - instantaneous flow, Qmax - maximum
pump flow, p11 and p12 - pressures that define
the behavior of the pressure regulator.

It is considered that the electric motor for
driving the kinematic advance chain has an
accelerating characteristic of the type shown
in Figure 6.

In period £, you may consider that the engine
accelerates linearly from 0 to maximum speed
v,... Analytically, behavior of the electric motor
can be expressed:

a-t,t<t;
V=
t>t,

(4)

vmax >

Vi

VVmax

[

U Fig6
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If we note F,=p-S to develop a simulation
program can be considered for the calculation
schematic diagramin Figure 7.

¥
- A
A A
= = =
v A A A
Fig.7 -
Movable load (RAM) is divided into

components F, and F, taken over by the
kinematic advance chain (LCA) and hydraulic
balancing installation (IHE). Through the
control equipment (CNC), it can be
determined the speed (v) and displacement
(x). Real displacement (y) is measured by
position transducer, type ruler (TP). According
to the hydraulic installation characteristics,
through the pump and its pressure regulator is
determined the dependence of pressure and
flow (p/Q).

The hydraulic balancing installation, with
pump and pressure regulator are
recommended for heavy machine tools, which
are used for pressures above 80-90 bar. Fast
travel speeds for balanced loads can reach
without problems 8-10 m / min, which is
acceptable to heavy machine tools.

It is recommended the dynamic calculation of
balancing systems by simulation. Modeling
these systems will take into account the
characteristics of the system. In case of
machine tools which are great strokes, will
take into account the gearing system of
pulleys used for stroke demultiplying.
Pneumo-hydraulic accumulator maintains
system pressure, in STOP phase and
provides flow tips and its depreciation.

A secondary role of the balancing hydraulic
system is "hydraulic lock" axis in case of
maintaining the electric motor on the axis. So
there is no need for a lock system with skates
orpills.
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4. SIMULATION OF
SYSTEMS OPERATION

BALANCING

To study the operation of balancing systems,
presented above, we recommend using the
software package AUTOMATION STUDIO.
It redraws the hydro schematic diagram
leaving only the active elements, as shown in
Figure 8.

Fig.8

Based on the above schematic diagram can
be carried out simulations for the work phases:
STOP,ASCENT and DESCENT.

In STOP phase, as shown in Figure 9, the
pressure within the system is the one adjusted
by the pump regulator, the provided flow being
virtually zero.

In STOP phase, as shown in Figure 9, the
pressure system is controlled at regulator of
the pump, which the provided flow is virtually

Zero.

(Vymin. |

Fig.9
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At ascending of the slide, pump and
accumulator ensure the consumption of
necessary flow, at the linear hydraulic motor,
according to the preset speed, as shown in
Figure 10.

Fig.10

Maximum speed, for the simulated case, is
13cm /s ~ 8m/min.

At descending of the slide, pump is again in
zero flow position, the fluid from the hydraulic
motor is expulsed through the pressure valve
SP, resulting the features from Figure 11.

3005 &
Fig.11

The pressure is the one adjusted to pressure
valve SP, the motor speed is that preset for the
kinematic advance chain.

Through the simulation may be made a more
accurate sizing of hydraulic components,
which will be used: pumps, pressure valves,
accumulator etc.

5. THE HYDRAULIC INSTALLATION FOR
BALANCING OF THE SLIDE

The hydraulic installation, developed
frequently for vertical lathes SC14-33CNC
range, is shown in Figure 12, where we kept
the notations used in Figure 3.
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Fig.12

The tank has a usable volume of 200l and is
positioned so that it can be made the supply of
the linear hydraulic motor, through the chain
system of machine.

6. CONCLUSIONS

In case of heavy CNC machine tools, the using
of hydraulic balancing systems represents a
modern solution to meet the requirements of
accuracy and productivity. By using this
solution, instead of counterweight balancing
system, the machine-tools are lighter, the its
structural deformations are reduce, and
achieving the necessary acceleration, for the
great speeds, is nolongera problem.

The basic elements for these schematic
diagrams are pumps with pressure regulator
and pneumo-hydraulic accumulators.
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For calculations in static and dynamic
regimes, is recommended the using of
specialized software, that are working based
on libraries updated by hydraulic equipment
manufacturers.
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Abstract

The scientific paper approaches the integrative mechatronic micro-engineering
used in intelligent manufacturing and automations into a new systemic and synergistic
vision and in a new integronized design addressing the global concept of "system /
complete product micro-system”, ensuring the innovative priorities and useful and
effective solutions for the advanced high-tech domains.

The scientific work exemplifies concrete applications in intelligent
manufacturing processes and automation of integrative mechatronic micro-
engineering on industrial areas in the manufacturing processes and the processes of
measuring, adjustment, control and monitoring.

The scientific paper sets out the future of integrative mechatronic micro-
engineering on high-tech fields, for a NEW INDUSTRY, A NEW GLOBALIZED
ECONOMYAND ANEW INFORMATION SOCIETY.

Keywords: micro-engineering, integrative mechatronic, intelligent manufacturing,
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integrative design, system/complete product micro-system, high-tech fields.

1. Introduction

The new concept of integrative
mechatronic micro-engineering used in the
intelligent manufacture and automation, refers
to the synergistic integration of engineering /
mechanical precision micro-engineering with
other high-tech fields as electronics
engineering and computer engineering in the
design and manufacture of intelligent products
and systems with self adaptability, flexibility,
speed work and high decision-making mix with
high intelligence and informatization.

The concept approached by the author
addressed the use of systemic integration of
systems / micro-systems, sensor architecture
and actuators, controllers and processors, in
the complex processes of programmability,
interactive communication, self adjustment,
self diagnosis and simulation.

Research conducted by the author in
that direction summarizes new integronized
concept in a new vision for addressing the
global concept of "complete system of
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products” that provide innovative priorities

and useful and effective solutions in the
advanced high-tech fields.
New concept, created by the author, has as
main objectives:

improving and upgrading systems /
products and processes;

implementation of management,
coordination, evaluation, monitoring and
decision software;

computerization and simulative guiding
of system functions and communications and
interactive dialogue;

self diagnosis of states and functions in
the complex matrix system and the intelligent
and automated process;

mathematical modeling of flexible
generation of movements and interaction with
the environment;

addressing system techniques
information processing and control decision;

in
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-intelligent interface integration between the
"governor” and “technological environment”,
creating the “vital organ” and the “anatomical
elements with many senses” for intelligent
technology systems and automated; modular
and integrated design pf actuators,
mechatronic technology devices, hardware
system design, intelligent controller, sensor
architecture, smart mobile effectors, intelligent
electronic units, computer units and software
process in an inclusive construction of the
overall system structure and new generation
on levels of processing and logical decision;
The new concept and systemic and synergistic
vision regarding integrative mechatronic
micro-engineering used in intelligent
manufacturing and in automation, are
exemplified in the paper, with practical
applications in manufacturing processes and
the processes of measuring, adjustment,
control and monitoring, setting out the future of
HIGH —TECH domain, for a new computerized
and globalized industry.

2 Concrete applications of integrative
mechatronic micro-engineering in intelligent
manufacturing and automation

21. INCDMTM Philosophy (National
Institute of Research and Development in
Mechatronics and Measurement Technique
from Bucharest — Romania), identified in the
mix of new adaptive and generative
engineering concepts and techniques

The essence of “INCDMTM philosophy”
synthesized in the Triad Research -
Manufacturing — valorification is identified by:
@ capacity, competitiveness and reliability;

@ real innovative and effective contributions;

@ high-tech mechatronic systems and
equipments;

@ maintenance, traceability and dependability;
@ accuracy, reliability, and resolution;

@ hardware, software and computerization;

@ assessment, diagnosis, monitoring and
decision;

The mix of new adaptive and generative
engineering concepts and techniques [1], [3] is
based on the accumulation of new knowledge
and discoveries, interactive communication,
organic and synergetic integration of
components, products and systems, modeling
and simulation, expertise and self diagnosis,
self-adjustment, management and decision.
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2..2. INCDMTM concept of intelligent
integrated technology

In its modular structure, new engineering
concepts and techniques mixis given in outline
in Figure 1.

Elaboration of integrated mechatronic
intelligent technologies through the concept
"philosophy INCDMTM" based on the mix of
new engineering concepts and techniques and
adaptive system, based on specialization
"mechatronist engineer” now, and/or
“integronist engineer” [2] for the future, training
started in Romania in the years 1996, although
in the world market, it started in 1978 (in
Japan).

Therefore, the concept of "INCDMTM
philosophy" of making intelligent mechatronic
technologies, involves in an engineering
structure, synergistic combination and
integration of engineering/precision
mechanics micro-engineering, through
mechanical/micro-mechanical systems/micro-
systems, components and technological
devices, the execution, elements,
sensors/micro-sensors, transducers/micro-
transducers, etc., electronics by integrated
circuits/micro-circuits, electronic
systems/micro-systems, etc., by electro-
techniques by electric engines/micro-engines,
actuators/micro-actuators, electrotechniques
elements/micro-elements, circuits /and
information systems/ computing
microsystems, processors/ microprocessors,
controllers/ microcontrollers, softwares, etc..,
all in an architectural correlation with
engineering/ materials microengineering,
engineering/ industrial microengineering,
systems/ biosystems engineering/
microengineering , etc..

This complex structure [4], is made
logic and integrated depending on the type of
technology/ micro-nanotechnology required
by manufacturing processes and conceptual
installed in real modulation schemes in
accordance with fig.1 to be developed
systems/ equipments and technologies/
mechatronic intelligent micro-
nanotechnologies with concrete applications
inindustry.
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The concept "philosophy INCDMTM" of
making integronique intelligent technologies
[2], implies in a vision similar to mechatronics,
a complete integronized engineering structure
of several areas, both technical and scientific
areas and exact sciences, social sciences and
humanities, in a systemic integrated and
synergetic apprehension, cumulating
constructive and functional solutions, with
other constructive solutions and functional
multidisciplinary background and motivation,
similar to the human body, speech and
behavior of intellectual, physical, moral, social
and human state, etc..

2.3. Examples of integrated
intelligent technologies into the automotive
industry in Romania (SC Automobile Renault -
Dacia SAPitestiand made by INCDMTM)

2.3.1. Technology and mechatronic intelligent
equipment [5] to control diameters and axial
level from "crankshaft” (Fig.2)

fig.2

Technical-functional characteristics:
Time measurement cycle: max. 50 sec.;
Display Resolution: 0.1 pym;

Measuring Transducers: 24 buc./ZDB103 /
race £ 1 mm;
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Industrial Computer: Central CMZ 200
ETAMIC / 220 Vca/50 Hz;

Interface Mechanical device -Central:
SATELLITE ETAMIC;

Working Programs: Windows Operating
System / Measurement Program INCDMTM-
Bucharest;

Structure:

Central CMZ 200 ETAMIC with Satellite
SMD module;

Grounding and Control Mechanical Systems
Control Table.

Calibration and certification:

The intelligent mechatronic equipment was
calibrated and metrology certified, achieving
parametric grades in accordance with the
European rules and standards by the
beneficiary company, Renault France.

2.3.2.. Technology and intelligent
mechatronic equipment [5], to verify the
"skid tumbler” (fig.3)Technical-functional
characteristics:

The pressure of compressed air supply: 4-6
bar;

Pressure of regulator after work: 3 bar;
Measuring cycle time: approx. 17 sec.;
Display Resolution: 0.1 uym;

Inductive measuring transducer:
ZDB103/ETAMIC / £ 1 mm;
Pneumo-electronic measuring transducer:
TPE 99/ 1 ETAMIC;

Industrial Computer: Central CMZ 200
ETAMIC 220 Vca/50 Hz;

Mechanical Device-Central Interface:
SATELLITE ETAMIC SMD;

Working Programs: Windows Operating
System / Measurement Program-INCDMTM
Bucharest

Structure:

Control Table;

Grounding and Control Mechanical Systems;
Central CMZ 200 ETAMIC with Satellite
SMD module.

Calibration and certification:

Intelligent mechatronic equipment was
calibrated and metrology certified, achieving
parametric grades in accordance with the
European rules and standards by the
beneficiary company, Renault France.



fig. 3

2.3.3. Technology and intelligent
mechatronic equipment [5], to control the
tightness at "Carter Oil S2G — Crude”
(fig.4)Technical-functional characteristics:
Power supply: 220 V power ca/50 Hz;
compressed air: 6 bar.

Working Pressure (adjustable on the
machine regulator): 5 bar;

Control Pressure: 0.98 bar- low pressure
circuit, 0.98 bar high-pressure circuit.

Level of waste accepted: 25 cm®/min;

Cycle time: 60 sec.
Structure:

Layer;

A grounding system of the work;
Sealing-seal part;

Marking system;

ATEQ cell;
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Pneumatic panel;

Automatic programmable machine Siemens
with operator panel,

Wenglor immaterial barriers for protection;
Marking system.

Calibration and certification:

Intelligent mechatronic equipment was
calibrated and metrology certified, achieving
parametric grades in accordance with the
European rules and standards by the
beneficiary company, Renault France.

fig. 4

2.3.4. Technology and intelligent
mechatronic equipment [5], to control the
tightness "Carter Oil S2G - Factory" (
fig.5)Technical-functional characteristics:
Power supply: 220 V power ca/50 Hz;
compressed air 6 bar.

Working Pressure (adjustable on the
machine regulator): 5 bar;

Control Pressure: 0.98 bar - low pressure
circuit, 2.90 bar high-pressure circuit.

Level of waste accepted: 25 cm®/min;

Cycle time: 60 sec.
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Structure:

Layer;

Grounding system;

Systems-sealing closure of the song with
pneumatic cylinders;

Marking system;

ATEQ Cell;

Pneumatic panel;

Automatic programmable machine Siemens
with operator panel;

Wenglor immaterial barriers for protection;
Marking system

Calibration and certification:

Intelligent mechatronic equipment was
calibrated and metrology certified, achieving
parametric grades in accordance with the
rules and Eruopean standards by the
beneficiary company, Renault France.

fig. 5

2.3.5. Technology and intelligent
mechatronic equipment [5], for
inspection and marking tightness
"cylinder head" ( fig.6)
Technical-functional characteristics:
Power supply: 220 V electricity ca/50 Hz;
compressed air 6 bar.
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Working Pressure (adjustable on the
machine regulator): 5 bar;

Pressure control: 1 bar;

Level of waste accepted: 25 cm’/min;
Cycle time: 60 sec.

Structure:

Layer;

A grounding system;

Ttravel system of the work in measurement
position;

Systems-sealing closure of the work with
rolls and pneumatic cylinders;

Marking system;

ATEQ Cell;

Pneumatic panel;

Electronic panel;

Weng immaterial barriers.

Calibration and certification:

Intelligent mechatronic equipment was
calibrated and metrology certified, achieving
grades are parametric in accordance with the
rules and European standards by the
beneficiary company, Renault France.
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2.3.6. Technology and intelligent
mechatronic equipment [5], to control the
tightness "cylinder head assembled
motor F8Q” ( fig.7)

Technical-functional characteristics:
Supply voltage: 220V/50 Hz;

Supply air pressure: 6 bar;

Working pressure (regulator set on the
machine): 5 bar;

Pressure control tightness: 1 bar;

Loss tightness admitted: 25 cm®/min;
Cycle time: 30 sec.

Structure:

Layer;

Grounding system of the work;

Travel system of the work in measurement
position;

Systems-sealing closure of the work with
pneumatic cylinders;

Marking system;

ATEQ cell;

Pneumatic panel;

Electronic panel;

Weng immaterial barriers.

Calibration and certification:

Intelligent mechatronic equipment was
calibrated and metrology certified, achieving
parametric grades in accordance with the
rules and European standards by the
beneficiary company, Renault France.
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2.3.7. Technology and intelligent
mechatronic equipment [5], for
uniformity profiles measured in "gears"
(fig. 8)

Technical-functional characteristics:
Measuring range: + 0.03 mm,;
Measurement area: £ 5 mm;

Accuracy: 0.1 ym;

Resolution: 0.01 pym;
Fidelity: £ 0.0025 pm;

Structure:

Mechanically fixing system;

Mechanically grounding system for gears;
Mechatronic systems for accurate
measurement (4 units);

Pneumatic drive system;

Information system for processing and

displaying data;

Command drive system;

Electronic system of immaterial barrier.

Calibration and certification:

Intelligent mechatronic equipment was

calibrated and metrology certified, achieving

parametric grades in accordance with the
rules and European standards by the
beneficiary company, Renault France.
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2.1.1. Technology and intelligent
mechatronic equipment [5], to verify the
tightness of "Carter mechanisms finished
piece” (fig. 9)

Technical-functional characteristics:
Power supply: 220 V electricity ca/50 Hz; 6
bar compressed air.

Working Pressure (adjustable on vehicle
regulator): 5 bar;

Control Pressure: -0.5 bar;

Level of waste accepted: 25 cm®’/min;
Cycle time: 45 sec.

Structure:

Layer;

A grounding system;

Travel system of the work in measurement
position;

Systems-sealing closure of the work with
rolls and pneumatic cylinders;

Marking system;

Immaterial barrier of protection;

ATEQ F520 cell with calibrated nozzles;
Automatic programmable machine Siemens
with operator panel,

Pneumatic panel FESTO elements;
Calibration and certification:

Intelligent mechatronic equipment was
calibrated and metrology certified, achieving
parametric grades in accordance with the
rules and European standards by the
beneficiary company, Renault France.

fig. 9

176

Noiembrie 2010

24. Examples of intelligent
technologies integrated in Metrology

2.4.1. Micro-nanotechnologies for integrated
control of surface topography - roughness and
contour (fig. 10)

Micro-Nanotechnologies for intelligent control
of surface topography are developed through
intelligent equipments type ,Form Talysurf
120 Taylor Hobson”, special software for
ultraprecise determinations of the surfaces
roughness (microgeometry), shape
(macrogeometry) of revolution surfaces, of
areas liniarity/ perpendicularity and
parallelism and high metrological
characteristics, such as high-resolution on Z
axis (about 17 nm), detector high-resolution
(about 8 nm/ 0.5 mm), areas of measurement
[for x, z: 120/28 mm (for contour) for x, z;
120/1mm (for roughness)].

fig. 10

Maximum error of intelligent
mechatronic equipment presented was
metrologically determined in the following
value matrix:

Maximum error
005 um

Meaiimum uncertanly
LG O25pm

1.8 uin £l O0pm

Mean Denved Radius Maximuom uncertmnty
12 3000 mm ECLO25 pum
0.49213m =1 .00pm
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Applicability of intelligent control micro-
nanotechnologies of surface topography -
roughness and contour, is found in industrial
processes and laboratory for measuring and
verifying the roughness and contour for axes,
guides, rings of rolling bearings, gears, etc.. In

different industrial media: aeronautics,
autotronic, mechatronics, machines
construction etc..

3. Conclusions

Mechatronics integrated microengineering
used in the intelligent manufacture and in
automation, is based on the mix of new
engineering concepts and techniques adopted
and generational, containing for each specific
intelligent mechatronic equipment presented,
intelligent systems and subsystems, with
appropriate functions, as follows:

systems / subsystems and components of high
precision micro-nanomechanics
microengineering [microconductors /
microsensors/etc.];

systems / subsystems and microcomponents
from microelectronics microengineering
and microelectrotehniques [integrated circuits
/microengines /microactuators/
microcontrollers /micro digital displays /
microconvertorsA/Dand D /A, etc. . ];

systems / subsystems and microcomponents
of informatics microengineering
[microhardware / peripherals microequipments
/ software / etc.];

systems / subsystems and microcomponents
of advanced micromaterials
microengineering;

structures / microstructures, principles and
functions in other areas: physics, chemistry,
mathematics, etc.. (as exact sciences),
economics, psychology, sociology, etc. (as
other
sciences);
Mechatronics integrated microengineering
used to realize engineering / microengineering
systems /subsystems of intelligent
manufacturing and automation, uses, into a
new systemic and synergistic vision and in a
new integronized design, innovative solutions,
useful and effective, with high added-value and
highintelligence.
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Remote Monitoring of Decentralised Wastewater Technology
- Focus on Small Wastewater Treatment Plants (SWWTP)

A. Kaiser

Development and Assessment Institute in Waste Water Technology
at RWTH Aachen University (E-mail: kaiser@pia.rwth-aachen.de)
Mies-van-der-Rohe-Str. 1, 52074 Aachen, Germany

Small wastewater treatment plants have been
recognised as a permanent solution for
wastewater treatment in the decentralised
domain. In the future, they will remain an
important part of wastewater treatment in
Europe. In the long run, up to 20 million small
wastewater treatment plants are expected in
the EU. The development status of the
employed treatment techniques achieved in
the past years has reached so far, that
attainable cleaning capacities of small
wastewater treatment plants hardly differ from
those of large wastewater treatment plants
anymore.

Requirements for the application of small
wastewater treatment plants as a permanent
solution for the treatment of domestic
wastewater include, besides the basic
efficiency, a proper construction and operation
as well as the monitoring and maintenance of
the plants. Against the background of
increasing numbers of mechanical-biological
small wastewater treatment plants in
Germany, in 2009 there were 2 million plants
only in Germany, as well as Europe-wide, the
maintenance and monitoring of small
wastewater treatment systems is gaining in
significance. Considering the high amount of
small wastewater treatment systems, a mobile
and comprehensive monitoring system is only
feasible at high costs. In practice, official
inspections are therefore made only on a
strongly limited basis.

Overall, deficits in the operation and
monitoring of the plant can be lead back to a
lack of motivation and knowledge on the
operator side as well as a lack of time on the
side of the responsible authorities. This leads
to failures not being repaired immediately,
which can result in required efficiencies of the
small wastewater treatment plants not being
achieved.
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A possibility to overcome these deficiencies is
the continual remote monitoring of small
wastewater treatment plants. Advantages
include that the effort and responsibility of the
operator on site are reduced, maintenance is
more effective and efficient and official on site
inspections can be replaced. All in all,
ecological and economical benefits arise,
which justify increased costs in systems
engineering.

The PIA was supporting the Society for the
Promotion of Applied Computer Science
(GFal -Gesellschaft zur Foérderung
angewandter Informatik e.V.) with practical
plant knowledge and the execution of test runs
for the development of anintelligent system for
the remote monitoring and mobile
maintenance support of small wastewater
treatment plants.

This is an adaptable monitoring system on the
basis of information regarding the construction
of the plant (machine elements and
aggregates, e.g. containers and
compressors), the applied technology for the
plant control and the treatment technology
with the according process steps including the
chronological flow parameters.

Process parameters are determined by
signals from the existing plant control which
can be derived from outside as well as by the
employment of external sensors. They are
then sent to a central server via the telephone
network. To document the operation, relevant
process data (process images from the
perspective of the monitoring, recognised
errors/warnings) and additional activities of
the operator (reactions to errors, conducted
maintenance, etc.) are collected in a tamper-
resistant manner and archived for a preset
time frame. Occurring errors are classified into
the following basic categories: general plant
errors (e.g. electricity failure), instrumental
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errors (single aggregates), process errors
(errors of the plant control) and warning
messages due to statistical analyses (e.g.
exceeding the allowed operation time). In
conclusion, reports are made which show the
gathered data in a form desired by the user. A
connection to digital maintenance protocols is
possible.

Noiembrie 2010

It needs to be emphasised that the monitoring
system does not directly intervene with the
plant control. The plant should rather be
regarded as an independent component,
which can be added on to any arbitrary small
wastewater treatment system type.
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ADVANCED ALGORITHM FOR OPTIMAL DIMENSIONING OF A SIEVING
EQUIPMENT FOR WASTEWATER WITH A FIXE CYLINDRICAL FINE SCREEN

Victor-Viorel Safta, Georgeta Haraga, Magdalena-Laura Toma

*University POLITEHNICA of Bucharest

Abstract

The sieving equipments are technological objects of the wastewater treatment
plants which ensure the separation of the large suspended solids (branches, leaves,
papers, plastic-textile-metallic materials, garbage) carried by the wastewater stream at
the surface or inside of it. In the paper it is presented an advanced algorithm for the
determination of the main parameters, dimensional, kinematics, dynamics and
energetic of a sieving equipment with a fixe cylindrical fine screen.

Keywords: waste water treatment plant, large suspended solids, sieving equipment

and dimensioning algorithm.

1.Introduction

To the entrance of the preliminary treatment in
the wastewater treatment plants there are
foreseen sieving equipments which remove
from the wastewater the large suspended
solids, such as branches, leaves, papers,
plastic-textile-metallic materials, garbage
which are carried by the wastewater stream,
inside or at the surface. The modern sieving
equipments for wastewater are complex units
which firstly separate the large suspended
solids from the wastewater, and then extract
the water from the retained material, compact
and evacuate them in closed containers. The
most of the modern sieving equipments have
an automatic working process which ensures a
precise, safe and hygienic functioning.

In the paper it is presented an advanced
algorithm for the determination of the main
parameters, dimensional, kinematics,
dynamics and energetic of a sieving
equipment with cylindrical screen.

The algorithm is conceived for implementation
in practice of the sieving equipments like
ROTAMAT Fine Screen Ro1 framed by Huber
Edelstahl, Germany [2]. The sieving
equipments ROTAMAT Ro1 are made inatypo
dimensional series with 12 steps of the
diameter of the cylindrical drum screen
between 600 3000 mm. Every dimensional
step may be provided with drum screens with
the bar spacing of 6 mm or 10 mm. The typo
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dimensional series ROTAMAT Ro1 is
designed to process a wide range of influent
flows of wastewater between 200 2800 dm’/s.
In the figure 1 is presented the basic diagram
of the sieving equipment ROTAMAT Ro1.

.
@'a;,v"\ p—,

kP
-
o —

Fig. 1 Basic diagram of the sieving
equipment ROTAMAT Ro1

2. Advanced Algorithm for Optimal
Dimensioning of the Sieving Equipment
with Fixe Cylindrical Fine Screen

In order to select the optimal dimensional step
from the typo dimensional series ROTAMAT
Ro1 for a certain value of the wastewater
influent flow and for the determination of the
dimensional, kinematics, dynamics and
energetic parameters of the main ensembles
of the waste water sieving equipment in this
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situation, it was conceived an advanced
algorithm [1].The structural diagram of this
algorithm is presented in figure 2. Based on
this algorithm it was accomplished an
interactive program that allows a rapid and
convenient the determination of the values of
all the parameters of the sieving equipment.
Thus it can be analyzed easily different
constructive alternatives of the sieving

Noiembrie 2010

Equipment in order to find the optimal
alternative.

For the easy identification of the sieving
equipment parameters, in table 1 is given their
complete list, the symbols how they are
encountered in the algorithm basic diagram
and as the case stands their characteristic
values.
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Fig. 2 The structural diagram of the algorithm

Table ]
Parameter AL Svmbol | Characteristc valoes
Crimensioning waste water fow m/h [+H
oafScient which considers the ror-upiformity of te flow inToduced in the z -
pvaste water Teatment plant -
Maxirmm hourly waste water flow mh [«
Warifving waste warer flow m'h Oy
[Coaffcient that depends on the mummber of mhabifants of the populated cenfre o
axirmam daily waste water flow iy [0 —
[Che distance berween the screen bars mm g 4. 10
Fpecific guanttty of capiured suzpended zolids on the screen Lmhab-year a
Cizily an scresn caphoed suspended solids vobmes dow e day Qo
[Che mumier of mbabiants of the populated cenie ML
Cizily varmaizon of the capnzed suspended selids How k 1-5
Cizily caprared suspended solids on screen weight flow m'idwy [
[Capnmed suzpsndad solids densiny favith B0%: umddiny) kzm” o 730 - 950
Cizily dry substance weizht of caprured suspended solids kziday Ty
Humidity of the capnared suspendad solids oo soresn % W a0t
Cizily dry substance volume of capoared suspsnded solids o day Vs
[Capomed suspendad solids dry substance densiy kzm’ o L1500 - 2000
[icreen bars section depth mim 3 -5
[icreen bars section width mm 1 10 -20
Flato berween the waste waner passing surface and tofal scresn surface i
Flatio beraeen the bars surface and 1ol soreen surface e
|- ¥lmdrical scresn diameter I el
l-oeffcient for the cylmdrical screen diameter calculus K 1{._:'5' '_.:'3%“?3_;;}?][::1%?;3
Coaffciont for the cylmdrical sereen diameter caleulus K, 2’;;:;]253_;3:_:;}?1[:;1%%
&0, 780, 1000, 1200,
[[ypo dopensional range of the maobile cylindmcal screen diamater mm Dy ip 1400, 1600, 1800, 2000,
2204, 2400, 3700, 3000
- R s . . mare than oog misger
umber of active cylindrcal screen sisving equipment iy pumber
Cimensigning waste water fow for one acove cylmdrical screen sievicg ok e
Eouipment ) B
Cizily on screen caprured saspended solids wolome flow for one actd iday Q"
Evlmdrical scresn sleving equpmisnt - -
aste water canal width mm B
Fecioity space betwesn the exterior surface of the cylndrical scresn and vertcal mm b 50-100
peall of the canal o
Heizht of the waste waler current mim he
Heizhi of tha canal mim H.
Vaste water cumert average speed o5 v 0.7-049
[oclnation ansle of the screen 1ad f 0.3235 - QL6108
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Lensth of the cylndrical scresn mm L,
Tumbar of the scresn bams I,
Width of the fronzal cylindrical fame of the screen 5y 15-30
fipzed of the scrapper Ipm o 31-15
[ime period for ons SCTADPET TAGOD F 1
Frrapper heaviness N o,
Ecrapper volma m W,
Frrapper matenal depsity ey P TE50
Load heaviness N Gy
Pemod between mwo successive fanctoming of the scrapper il - 0.1-0.5
Loaded scrapper heaviness M [
Plaimum resistance force at the loaded scrapper moving M E o
Friction cosfficlent benwesn the loaded scragper and the scresn 1. 0.8-0l11
Plaximoum resistant morert at the scrapper acting Nm —
Pucting power of the scrappsr W Byer
|- omveyor-press charging volms dow s Qv aiiee
|- omveyar-press charsine weishi flow Em's O i
Ly substance of the suspended selids charged m the conveyor-press specifig ks
:llﬂiE = j]'-ll
Hurm:diry of the suspended solids charged m the comveyor-press i Wi Bl
Cewatered and compacted conveyor-press material weight flow kg’ Qi
Hurncdity of the dewatered and compacted suspended solids g Wy Al
Ciewatered and compactsd convevor-press matenal velume fow o5 Qe
Ciewarared and compacted suspended salids density kz'm” O 1500 - 2000
Cianzity of the waner obmined fom dewatering kz'm” [ 10040
[olumne variation coefficient dunng the compacton p
Vater vohms flow obained by dewatenng and compaction ms [
W ater weight flow obtained by dewaterins and compaction kg’ -
[Cotal length of the conveyor-pras mm L 3500 - 6000
Lensth of the chareins zons mm L. La=L,
Lensth of the Tansport zons mm Ly Ly=+L.=(60- T L
Lenzih of fhe compaction zons mm Le (15 - 30001
b of the discharsine zans mm Ly Ly=Dy
Exrzrior diameser of the helical conveyar mm O
[mterior dizmeter of the helical conveyor mm d
|-tosed wamm conveyor mough sectton fllins cosfficient W 0.1-035
Halical coovevor inclination coefficient C
Puuger of the balical conveyor at the enmnce m the compacton zone mm Ploint
Puzer of the balical conveyor at the end of the compacizon zone mm Pre s
Mveraze anger of the halical comveyer at the end of the compaction zoone m casd mm
bf linear varadon of the auger in the comipaction zons Pl
Lenzth il the material Gl1 the hole section of the closed warm conveyar rough o -
n the compacton zons el
Puger of the helical comveyor cormesponding 1o the Length dll the marerial fil
the hiele saction - P
Mwveraze auger in case of linsar variation of the anger in the compaction zone mm Dt
Pdaterial speed in the tmapsporiation zone of the halical conveyar s Vs
Platerial speed af the enirance of the compacton zone 'S Vit
hdaterial speed af the end of the compaciion zone s Vet
Piveraze speed of the matenal m the compaction zoos in cass of linsar vanation s v
bf the anger ! nl
Penod of tme m which the material crosses the charging and Tanspon zones 3 far
Penod of tme in which the materal crosses the compaction zeme in case of . .
linear vasiation of the auger . =
Pertod of tme in which the marenial crosses the zone defined by the lensih L R
o case of linaar vasiation of the anger i
[Haxmenm material mass transpemed io the charems and Tansport 2omes k= Hiray
paximum matesial mass irapspartsd in the zone defined by the lengfh Ly - _—
a:e of Hpear variation of the anger = e
plaximom matsrial haaviness manspored in the charens and mansport zomes N Grar
tlanimrum marerial heaviness manspomed m the zone defined by the lensth Lo - Copee
Iz case of linear variation of the auger - ™
Fesistance force at the matenal Tamsport i the chareins and Tansport zones M Frut
Fesistance force at the materal Tansport in the zone defnsd by the lenzth L., i . -
a:e of Hoear vanaten of the augsr —ma
Jecessary powel for the material Tanspon by the helical conveyor W By
Felical comveyor mass kg L1
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{elical comweyor shaff mass k= 11008
Halical cooweyer shaft volums o .
Pip= width of the helical conveyor shat mm S geg
bel2:ss of the helical comveryor fllst kz m
flass of the helical conveyor fillst in the Constant auger 2one kg 1
lass of the helical conveyor fillet in the vanable auger zoone kg My
[lstance befween the mass cenire of the helical conveyor and ifs prior end mm Lo
Helical comveyer heaviness B i
Jommal reaction from the prar beanns of the helical conveyar by B
Piial Teaction fom the prior bearing of the helical comvever s B
Jormal reactiom from the hinder beaning of the halical comeeyvor N i
hlomer: of frcton in the prior bearing of the helical conveyer Hm M,
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Conclusions

The waste water sieving equipments with
cylindrical screen are modern equipment with
an automatic working process which assures
a safe, precise and hygienic exploitation and
which requires only circumstantial supervision
and maintenance assistance when it is
necessar