
Godina 255

nd pow. ach.,m

Dec. 20 .20

Vol.     , No.   , p.1-    , Novi Sad, Dec. 20    .25 5 81 20

Journal of Scientific Society of Power Machines, Tractors and Maintenance
Časopis Naučnog društva za pogonske mašine, traktore i održavanje



         Časopis           Jurnal 
TRAKTORI I POGONSKE MAŠINE    TRACTORS AND POWER MACHINES 

Izdavač – Publisher 

 

Naučno društvo za pogonske mašine, traktore i  održavanje 
Scientific Society of Power Machines,  Tractors and Maintenance 

Suizdavač – Copublisher 
Poljoprivredni fakultet, Departman za poljoprivrednu tehniku, Novi Sad 

Faculty of Agriculture, Department of Agricultural Engineering, Novi Sad 

Glavni urednik – Editor in cheif  
Dr Milan Tomić  

Urednici - Editors 
Dr Lazar Savin  

Dr Ratko Nikolić 
Dr Mirko Simikić  

Dr Radojka Gligorić  

Tehnički urednik - Technical Editor 
Dr Milan Tomić  

Tehnički sekretar - Technical Secretary 
Nevenka Žigić  

Uređivački savet - Editorial Committee 
Dr Ratko Nikolić, Novi Sad 
Dr Lazar Savin, Novi Sad 
Dr Milan Tomić, Novi Sad 
Dr Mirko Simikić, Novi Sad 
Dr Dragan Ružić, Novi Sad 
Dr Radojka Gligorić, Novi Sad 
Dr Ivan Klinar, Novi Sad 
Dr Radivoje Pešić, Kragujevac 
 

Dr Klara Jakovčević, Subotica 
Dr Krešimir Čopec, Zagreb 
Dr Laszlo Mago, Budapest, Mađarska 
Dr Александр Пастухов,  Белгород, Rusija 
Dr Ľubomír Hujo, Nitra, Slovačka 
Dr Hasan Silleli, Ankara, Turska 
Dr Valentin Vladut, Rumunija 
 

Adresa – Adress 
Poljoprivredni fakultet 

Trg Dositeja Obradovića br. 8 
Novi Sad, Srbija 

Tel.: ++381(0)21 4853 391 
Tel/Fax.: ++381(0)21 459 989 

e-mail: milanto@polj.uns.ac.rs 
Časopis izlazi svaka tri meseca  Jurnal is published four times a year 

Godišnja pretplata za radne organizacije je 1500 din, za       Subscription price for organization is 40 EURO, for 
Inostranstvo 5000 din a za individualne predplatnike 1000 din      foreign organization 80 EURO and individual 
Žiro račun: 340-4148-96 kod Erste banke       subscribes 15 EURO 
Rešenjem Ministarstva za informacije Republike Srbije, Br.651-115/97-03 od 10.02.1997.god., časopis je upisan u registar pod brojem 2310 

Prema Mišljenju Ministarstva za nauku, Republike Srbije ovaj časopis je "PUBLIKACIJA OD POSEBNOG INTERESA ZA NAUKU" 

Štampa – Printed by 
Štamparija "Futura DOO Novi Sad“, 21000 Novi Sad, Dr Nikole Krstića 8 

Tiraž 100 primeraka 

 



TRACTORS AND POWER MACHINES

ISSN 0354-9496

Dec. 2020 .

Godina 25

UDK 631.3725
SADR AJ - CONTENSŽ

Trakt. i pog. a ., Trac. and pow. mach., Vol. , No. , p.1- , Novi Sad, 20 .m š 25 5 81 . 20Dec

Novi Sad, Srbija

Časopis Naučnog društva za pogonske mašine, traktore i održavanje

Journal of Scientific Society of Power Machines,Tractors and Maintenance



Traktori i pogonske mašine 
 

Tractors and power machines 

 

SADRŽAJ – CONTENS 
 

Popov Milana, Mihajlov Zlata,  Tica, N., Milić, D., Zekić, V., Savin, L. 
OCENA BONITETA UVOZNIKA I IZVOZNIKA POLJOPRIVREDNE 
MEHANIZACIJE 
CREDIT ASSESSMENT OF IMPORTERS AND EXPORTERS OF 
AGRICULTURAL MACHINERY 5 
Danilović, M., Stojnić, D., Antonić, S., Ćirović, V., Vasiljević, P. 
FORMIRANJE BAZE PODATAKA ZA POTREBE KORIŠĆENJA ŠUMA - 
STUDIJA SLUČAJA 
CREATION OF A DATABASE FOR FOREST UTILIZATION - CASE STUDY 10 
Radojević, A., Nikolić, D., Janjušević, M., Skerlić, J., Gordić, D. 
POSSIBILITIES FOR REDUCING CO2 EMISSIONS IN PUBLIC BUILDINGS 
USING BIOMASS 
MOGUĆNOSTI ZA SMANJENJE EMISIJE CO2 U JAVNIM 
ZGRADAMA PRIMENOM BIOMASE 21 
Radojević, A., Milovanović, D., Gordić, D., Skerlić, J 
MOGUĆNOST ZA UŠTEDU TOPLOTNE ENERGIJE: STUDIJA SLUČAJA 
DEVET JAVNIH ZGRADA U GRADU KRAGUJEVCU 
POSSIBILITIES FOR SAVING THERMAL ENERGY: A CASE STUDY OF 
NINE PUBLIC BUILDINGS IN THE CITY OF KRAGUJEVAC 29 
Savić S., Obrović B. 
THE INFLUENCE OF THE BODY CONTOUR POROSITY ON THE 
DISSOCIATED GAS FLOW IN THE PLANAR BOUNDARY LAYER 
UTICAJ POROZNOSTI KONTURE TELA NA STRUJANJE DISOCIRANOG 
GASA U RAVANSKOM GRANIČNOM SLOJU 37 
Todić N., Savić S., Gordić D., Šušteršič V. 
DEVELOPMENT AND EXPERIMENTAL RESEARCH OF A WATER 
HYDRAULICS PISTON AXIAL PUMP - THE MOST IMPORTANT 
COMPONENTS OF THE REVERSE OSMOSIS SYSTEM 
RAZVOJ I EKSPERIMENTALNA ISTRAŽIVANJA KLIPNO AKSIJALNE 
PUMPE VODNE HIDRAULIKE-NAJBITNIJE KOMPONENTE SISTEMA 
REVERZIBILNE OSMOZE 44 
Vejnović S., Savin L., Simikić M., Tomić M., 
TEHNIČKO PROŠIRENJE ISPITIVANJA ZAŠTITNE STRUKTURE HITTNER 
ECOTRAC 40 PREMA OECD PRAVILNIKU 6  
TECHNICAL EXTENSION OF TESTING HITTNER ECOTRAC 40 
PROTECTIVE STRUCTURE ACCORDING TO OECD CODE 6  51 
Savin L., Tomić M., Simikić M., Tica N., Ivanišević M., Vejnović S. 
PRIKAZ NAGRAĐENIH NOVITETA NA MEĐUNARODNOM SAJMU EIMA 
DIGITAL PREVIEW (EDP) 2020 U BOLONJI 
REVIEW OF AWARDED INNOVATIONS AT SHOW EIMA DIGITAL 
PREVIEW (EDP) 2020 IN BOLOGNA 57 
 
 

 
 



 

 

Tot A., Nikolić R., Simikić M. 
PRILOG SAGLEDAVANJU MOGUĆNOSTI EFIKASNIJEG OPREMANJA I 
KORIŠĆENJA MEHANIZACIJE I RADNE SNAGE PORODIČNIH 
GAZDINSTAVA U SKLOPU DRŽAVNOG PROJEKTA „500 ZADRUGA U 500 
SELA“ 
ADDITIONAL CONSIDERATIONS OF POSSIBILITIES FOR MORE 
EFFICIENT EQUIPPING AND USE OF FARM MACHINERY AND WORK 
FORCE BY FAMILY FARMSTEADS WITHIN THE STATE PROJECT  " 500 
COOPERATIVES IN 500 VILLAGES"

 
 
 
 
 
 
 
 
 

64 
Petrović P., Petrović M. 
DEVASTACIJA ZEMLJIŠTA POLJOPRIVREDNE  KORPORACIJE 
BEOGRAD   
LAND DEVASTATION OF AGRICULTURAL CORPORATION BELGRADE 
(PKB) 70 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Štampanje ove publikacije pomoglo je: 

Ministarstvo prosvete, nauke i tehnološkog razvoja Republike Srbije 



Traktori i pogonske mašine 
 

Tractors and power machines 

 

44 
 
 
 
 

Biblid: 0354-9496(2020) 25: 5, p. 44-50 Naučni rad 
UDK: 621.791 Scientific paper 

DEVELOPMENT AND EXPERIMENTAL RESEARCH OF A 
WATER HYDRAULICS PISTON AXIAL PUMP - THE 

MOST IMPORTANT COMPONENTS OF THE REVERSE 
OSMOSIS SYSTEM 

RAZVOJ I EKSPERIMENTALNA ISTRAŽIVANJA KLIPNO 
AKSIJALNE PUMPE VODNE HIDRAULIKE-NAJBITNIJE 

KOMPONENTE SISTEMA REVERZIBILNE OSMOZE 
Todić N.1, Savić S.1, Gordić D.1, Šušteršič V.1 

SUMMARY 
This paper presents the results of experimental testing performed in order to determine 
operating parameters of an axial piston water hydraulic pump. The test installation for the 
axial piston water hydraulic pump was designed combining the existing test stand for oil 
hydraulics testing and a newly built part for testing water hydraulics components. The unique 
test stand, built for this research, provides a good starting point for further study of different 
water hydraulics components.  

Key words: axial piston pumps, measuring equipment, development, research, water 
hydraulic components, reverse osmosis,  

INTRODUCTION 
Water and energy are two most important factors in the development of human society. 
Climate change, urban population growth and industrialization have increased the demand for 
drinking water. Research has shown that a small percentage of all freshwater produced in the 
world is from renewable sources. By developing technology, lowering equipment prices and 
increasing attention to the environmental problems of fossil fuels, utilizing renewable energy is 
growing [1].Water scarcity is the major problem the world is facing at present, with increasing 
demands of good quality of water in many regions due to the massive increase in the 
population and growth of economies [2]. The importance of high quality drinking water for 
public health and production processes makes water treatment and desalination plants crucial 
infrastructure elements.Water from seasand other saline water bodies is not suitable for direct 
human consumption, agricultural and industrial purposes. Ninety-seven percent of the Earth’s 
water is found in the oceans, with the salt content of more than 30,000 mg/L [3]. Water, with a 
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of Engineering University of Kragujevac, Sestre Janjic 6,34000 Kragujevac, Serbia,e-
mail:ntodic@gmail.com 

 



Traktori i p/m  
Tractors and p/m 

Development and experimental research of… 
Razvoj i eksperimentalna istraživanja klipno… 

Todić N., et al. 
Vol.25.No.5.p.44-50, 2020. 

 

45 
 
 
 
 

dissolved solids (salt) content below about 1000 mg/L, is considered acceptable for community 
water supply [4]. Because of the potentially unlimited availability of seawater, people have 
made great efforts to develop feasible and cheap desalting technologies for converting salty 
water into fresh water. A variety of desalting technologies have been developed over the years, 
including primarily thermal and membrane processes. Desalination is the process of removal of 
salts from the feedwater, typically containing a high concentration of salts, to produce 
freshwater. The main process is reverse osmosis (RO). 
Reverse osmosis (RO) is based on applying excess pressure to reverse the spontaneous process 
of osmosis, where water in solution moves across a semi-permeable membrane from lower 
solute concentration to the higher solute concentration. In RO plants, this excess pressure is 
applied by high pressure pumps which push seawater through semi-permeable membranes to 
obtain desalinated water [5]. Figure 1 shows a schematic diagram of the RO process. The 
major components of an RO plant are: the seawater intake system, feed pre-treatment facility, 
high pressure pumps, RO membranes, and brine disposal and post-treatment facility. The high-
pressure pump is an important and precise component, and its operating state directly affects 
the performance of the RO system. 

 
Fig. 1. Schematic Diagram of the Reverse Osmosis Process. 

A special attention in this research was paid to development and experimental research of 
water high pressure hydraulic pumps  MAP 10.2, Fig.2. [6]-[8]. There are some technological 
challenges to be met so that water hydraulic systems can become more competitive and more 
reliable compared to oil-hydraulic and pneumatic systems. Due to specific physical and 
chemical properties of water, the components and hydraulic systems have to be adapted for 
water hydraulics. Research of water hydraulic pumps involves material, pump design and 
pump testing, as well as service life testing [9]-[14]. Water hydraulic pump testing usually 
requires special equipment. 
An axial piston pump is the most important component of water hydraulic systems. It is widely 
used in the fluid power industry because of its robustness, controllability, wide operating range 
and compact size. In order to develop water hydraulic axial piston pumps and motors, as the 
basic constructional parts of water hydraulic systems, it is necessary to use new materials and 
optimal structures to overcome rust, leakage, and low lubrication ability inherent in water. To 
improve the efficiency and reliability of water hydraulic axial piston pumps and motors, the 
bearing/seal parts that significantly affect their performance and reliability must be studied 
thoroughly [17]-[20].  
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Fig.2 Axial piston pump MAP 10.2 

1) Shaft sealing; 2) Mounting flange; 3) Bledding plugs; 4) Retaining ring; 5)Piston; 6) Valve 
plate; 7) Swash plat; 8) Cylinder barrel; 9) Spring; 10) Port plate; 11) Connecting flange; 12) 

Housing with bearing 

INSTALLATION FOR EXPERIMENTAL RESEARCH 
A comprehensive testing was carried out at the Research and Development Center RDC-PPT 
Namenska in Trstenik, the Republic of Serbia, in cooperation with the Faculty of Engineering 
of the University of Kragujevac and the company Miolma GmbH, Switzerland. The axial 
piston pump MAP 10.2 was tested using installation specially designed for the purpose of this 
experiment [21]-[25]. The installation used for testing of these water hydraulic components 
was designed combining the existing installation for testing hydraulic components for oil 
hydraulics and some elements of installations for water hydraulics.The hydraulic scheme of the 
test installation for the axial piston water hydraulic pump MAP 10.2 is shown in Fig. 3. 
The basic drive component of the test installation is a hydraulic test stand BAC 2063. The test 
stand BAC 2063 is used for testing hydraulic components such as pumps, hydraulic motors, 
directional control valves and other valves which use mineral hydraulic oil as the working 
fluid. For the test installation designed for the purpose of this experiment, the test stand BAC 
2063 was used as the drive component to power the axial piston water hydraulic pump.  
Water was used as the working fluid. The pump was supplied from the city public water supply 
through the water supply connection. The pressure at the pump inlet was always within the 
range determined by the research plan. The pump load at the outlet was regulated through the 
tap (7) shown in Fig.2. The pump outlet load is determined by the pressure in the discharge 
pipeline. The value of this measuring quantity was also within the range defined by the initial 
research plan (0-80 bar).  
The following quantities were measured: 
 The rotational speed of drive shaft n 
 The pressure pi at the pump outlet 
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 The pressure pu at the pump 
inlet 

 The fluid flow Q 
 The torque M of the pump 

drive shaft. 
The pressure was measured 
using measuring transducers 
without measuring tapes P3MA, 
manufactured by Hottinger,  
with the measuring range from 
100 to 500 bar, accuracy class 
0.1 and transmission range 100 
kHz. The flow was measured by 
the flow meter RE 3-300, 
manufactured by Hydrotechnik, 
with the range of 15-300 lit/min, 
accuracy class 0.2. The torque 
and the number of rotations of 
the pump drive shaft were 
measured by the measuring 
transducer T30FN, 
manufactured by HBM, with the 
measuring range of 3000 rpm 
and 500 Nm, accuracy class 0.2. 
The measuring transducer 
T30FN was installed between 
the electric motor and the 
gearbox of the pump drive shaft. 
This measuring transducer is an integral part of the test stand BAC 2063. For data acquisition, 
a universal acquisition system QuantumX MX840B produced by HBM, with accuracy class up 
to 0.01, was used. This system employs MX Assistant and enables a continual measurement 
and calculation of the characteristic parameters of the pump working cycle in real time. The 
system QuantumX has 8 channels with 24-bit A/D converters per channel and simultaneous 
measurement on 8 channels. For the purpose of this experiment, simultaneous measurements 
were done on 5 channels. The sample rate is 192 kHz per channel. The software enables 
measurement of cyclic and non-cyclic fast-changing processes with graphic representation. The 
statistics of the data changed in the process are displayed in graphics. The acquired data can 
also be exported into different file types for further analysis. 

RESULTS 
The test results are obtained for the following parameters of the pump: rotational speed of drive 
shaft, pressure at the pump outlet, fluid flow and the torque of the drive shaft, all measured as a 
function of time τ. 

 
 

Fig.3. Hydraulic scheme of the installation for the axial 
piston pump MAP 10.2 testing 

1-Axial piston pump MAP 10.2, 2-Electric motor 37kW, 3-
Measurement transducer of the rotational speed and 

torque of the pump drive shaft, 4-Suction tap,  5-
Manometar, 6-Pressure transducer at the pump inlet 

pipeline,  7-The tap at the discharge pipeline, 8-Pressure 
transducer in the discharge pipeline, 9- Turbine flow 

meter 
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4a.      4b. 

 
4c.     4d. 

Fig. 4 Diagram of the pump operating parameters 
4a. The rotational speed of the drive shaft n as a function of time τ 

4b. The drive shaft torque M and rotational speed of the drive shaft n as a function of time τ 
4c. Pressure pi at the pump outlet as a function of time τ 

4d. The change of the fluid flow Q and The drive shaft torque M as a function of time τ 
 

The diagrams in Fig.4 show the interdependence of the four operating parameters of the water 
hydraulic piston axial pump. The diagrams were obtained using data processing software 
QuantumX Assistant, specially developed for this type of research. The acquisition of the 
working parameters was done in the 200 s interval. The rotation speed was varied from 1000 
rpm to 800 rpm. The value of the rotation speed was changed every 100 s.  During this period, 
the value of the rotation speed was unchanged, and during this time the value of the outlet 
pressure was varied from the minimum setpoint to the maximum setpoint of the pressure at the 
outlet of the pump. This procedure was repeated for each new value of the rotation speed. 

CONCLUSION 
It should be pointed out that the test obtained results are compliant with the experimental 
results for axial piston pumps given in papers [15] and [16]. The tests conducted in these 
studies were performed on a relatively expensive test equipment specially designed for water 



Traktori i p/m  
Tractors and p/m 

Development and experimental research of… 
Razvoj i eksperimentalna istraživanja klipno… 

Todić N., et al. 
Vol.25.No.5.p.44-50, 2020. 

 

49 
 
 
 
 

hydraulics testing. 
The experimental test results presented in this paper are very important because they can be 
used for mathematical modelling and development of software for identification and 
optimisation of the pump working parameters. Designers will find these results especially 
valuable in designing new or improving the existing models of water hydraulic axial piston 
pumps. 
The working parameters of the axial piston pump cannot be accurate enough if they are 
determined only by means of experiment or only by means of mathematical modelling. 
Accurate parameters can be determined through combination of experimental tests, 
mathematical modelling of the hydrodynamic process and methods of nonlinear optimisation. 
This way it is possible to identify measurement mistakes and unknown parameters. 
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