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Abstract: This contribution presents the results of measurements of components wear. It has been 

depending on the roughness measurement and weight components. Roughness of hydraulic pump 

components has been measured after the test of mineral oil-based liquids type HV and two biodegradable 

liquids type HETG and HEPR. We measured roughness values of each component using a special device 

type Mitutoyo Sj 200. The measured roughness results have been graphically compared. We used 

laboratory scales to weight material and get the results. We noticed the most significant material wear in the 

bearings and slide plates. There has been the largest weight loss in biodegradable fluid type HETG. We can 

conclude that the evaluation method based on the wear loss of material is more appropriate. Contribution 

shows the differences in wear parts of hydraulic pump from the point of view of fluids, as well as the 

appropriateness of the methods for the evaluation of hydraulic pump wear. 
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INTRUDOCTION 

Global trend leads that, hydraulic systems are increasingly installed in mechanical 

engineering. Nowadays, new hydraulic systems have been developing and they are able 

to work in difficult operating conditions.  Hydraulic systems must be able to operate at 

higher operating pressures and temperatures. This leads to their sophisticated design. The 

dynamic development of hydraulic systems goes to find new testing strategies of hydraulic 

fluids. Tests of hydraulic fluids are set in international standards. The new testing strategy 

of fluid increases the service life of hydraulic systems to ensure their ability in the 

operating conditions. We can evaluate the properties of hydraulic systems by testing 

hydraulic fluids. It is important to monitor the technical condition of the hydraulic pump. 

The quality of the tested fluid depends on the wear of hydraulic components.  Analysis of 

wear metal particles is realized by measuring the weight of hydraulic pump parts and 

surface quality. 

 

DESCRIPTION OF TRACTOR HYDRAULIC PUMP 

When we tested ecological liquids tractor hydraulic pump of type UD-25 was used. It 

is a one-way gear pump produced by company Jihostroj Aero Technology and Hydraulics, 

(Česká republika). 

Pumps operating at lower pressures used without definition design axial clearance 

between the gears and the stator. Hydraulic pump of type UD-25 has a bound axial 

clearance. This type of hydraulic pump is mainly used in tractors of lower power classes. 

In Fig. 1 are shown the internal parts of hydraulic pump.  

 

Fig. 1. Internal parts of hydraulic pump UD 25:  

1 – drive external gear, 2 – driven external gear, 3 – slide plates 
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DESCRIPTION OF TEST STAND 

Research on the properties of fluids was performed at a test stand (Fig. 2), which 

was designed and constructed in the framework of research tasks and projects at the 

Department of Transport and handling. The test stand consists of a hydraulic circuit which 

used tractor gear pump UD 25. Gear pump is used in the newest tractors Zetor Forterra 

(Zetor Brno, Czech Republic).  

 

Fig. 2. Laboratory device for loading of biodegradable liquids: 1 – tractor hydraulic pump UD 25,  

2 – drive motor, 3 – pressure valve, which is set nominal pressure in the circuit, 4 – hydraulic 

switch, 5 – control unit, 6 – tank 7 – fluid, 8 – filter, 9 – coupler 

 

The drive motor drives the hydraulic pump. Nominal pressure is set up by pressure 

valve in the circuit. Cyclic loading of fluid is provided by hydraulic switchgear. Liquid flows 

through the pressure valve at the nominal pressure of 20 MPa, when the switchgear is in 

basic position. If the switchgear put to extreme position so the liquid flows directly into the 

tank. The test stand allows cyclic load of liquid by pressure from 0 MPa to 20 MPa at a 

frequency of 1.1 Hz. A detailed description of the test stand is shown in the contributions 

published by: [1], [2], [5], [6], [7].During the test we used the temperature 65 °C. This 

temperature was measured in hydraulic circuit of tractor Zetro Forterra 114 41 [3], [4]. 

 

DESCRIPTION OF FLUIDS 

We evaluated properties of two biodegradable liquids and mineral oil. Fluids were 

produced by Slovnaft a.s. (Slovak Republic). All fluids are UTTO type (Universal Tractor 

Transmission Oil) and they are classified as SAE 80W API GL 4. There were tested two 

biodegradable liquids. One of them based on vegetable oil rape (HETG according to 

VDMA 24 568) and the other made of the base oil based on poly-alpha-olefins. Mineral oil 

(HV according to VDMA 24568) terms the NH Farm Ultra Mol. Technical parameters of the 

test liquids are shown in Table. 1.  

 

Tab. 1. Characteristics the tested liquids 

Parameter value 

Liquid type 

HV HETG HEPR 

Kinematics viscosity at 100 °C mm
2 

. s
-1

 10.7 10.38 10.22 

Kinematics viscosity at 40 °C mm
2 

. s
-1

 60 47.89 58.14 

Viscosity Index - 160 213 165 

Specific weight at 15°C g . cm
-3

 0.888 - 0.8681 

Pour point °C -39 -39 -42 

  

MITUTOYO SJ 201 DEVICE FOR MEASURING OF SURFACE ROUGHNESS  

Mitutoyo Sj 201 device was used to measure the roughness of components hydraulic 

pump. The device consists of a measuring device, scanning device and connecting cable. 
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Using the device Mitutoyo we were performed to roughness measuring for bolts, gear 

tooth surface and sliding bearings. 

LABORATORY SCALES 

To measure the weight of pump components were used laboratory scales type Kern 

EWB. Fixing the value of the weighing occurs within 2 seconds. Output device scales is 

composed of a LCD screen that displays weights weighed in digital form. In measuring 

weight of gear we did not weigh to the drive gear pump, because during the drive shaft 

operation its wear in outside part is occurred.  

 

RESULTS AND DISCUSSION 

We performed measurements of surface roughness gears pins, gear teeth, and 

sliding bearings by using the Mitutio SJ 201 device. Each measurement was performed in 

the biodegradable liquid type HRTG, HERP and mineral oil HV. Roughness 

measurements results for the components are represented graphically in Fig. 3. The 

graphical representation of the results shows that the surface roughness of teeth of gears 

and pins does not show significant differences. Surface roughness of sliding bearings is 

different depending on the type of fluid. The most striking is the roughness of sliding 

bearings with fluid type HETG and the lowest fluid type HV. The results roughness of 

bearings is comparable to the evaluation of fluid properties on the flow characteristics 

presented in papers [8], [9].  
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Fig. 3. Comparison of surface roughness Ra for selected components of hydraulic pump 

 

We performed measurements of material loss of slide plates and driven gears using 

a laboratory scales. The differences in material loss of the pump parts, which are loaded 

with the individual fluids is shown in Fig.4. The graphical representation of the 

measurements shows that when measuring weight of slide plates and gears to material 

loss was the highest for oil type HETG.
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Fig. 4. Comparison of material loss for lead bearing  by the weight 

CONCLUSIONS AND FUTURE WORK  

In this contribution is presented the evaluation of lubricating properties for hydraulic 

fluids based on wear parts of tractor hydraulic pump. For the tests we used biodegradable 

fluids of type HETG, HEPR and for comparison mineral oil type HV. We measured surface 

roughness after the removing components of hydraulic pump, using the device Mitutyo SJ 

201. We performed measurements on the roughness of the pins, gears and sliding 

bearings of hydraulic pump. For measured values of roughness components show 

excellent lubricating properties of fluids. The graphical comparison of the wear and tear 

parts that will wear on most reflected in the slide plates and bearings. In the second case, 

we measured the loss of material for the weight. We used laboratory scales to measure 

the weight of the selected components. It was practically a quick method to check the wear 

of the material by weight. The graphical comparison of the weight of selected components 

that say the greatest loss of material occurred at the biodegradable fluid type HETG. 

Contrast, the smallest decline of material was in fluids HV and HEPR 

 

REFERENCES 

[1]  DRABANT, Š. KOSIBA, J., JABLONICKÝ, J., TULÍK, J.: 2010. The durability test 

of tractor hydrostatic pump type UD 25 under operating load. In Research in agricultural 

engineering, vol. 56, no. 3, p. 116-12. ISSN 1212-9151. 

[2]  HRÍŇ, R., HRÍŇ, Š., KOSIBA, J.: 2010. Evaluation of tribological properties of 

biodegradable oils. In Najnovšie trendy v poľnohospodárstve, v strojárstve a odpadovom 

hospodárstve. Nitra : Slovenská poľnohospodárska univerzita v Nitre, p. 115-121. ISBN 

978-80-552-0376-8.  

[3]  KOSIBA, J., DRABANT, Š., TKÁČ, Z., JABLONICKÝ, J., TULÍK, J.: 2010 

Operating measuring of temperature and perssure in hydraulic circuit of tractor. In Traktori 

i pogonske mašine, vol. 15, no. 1, p. 48-52. ISSN 0354-9496. 

[4]  KOSIBA, J., DRABANT, Š., TULÍK, J., ŠINSKÝ, V., KROČKOVÁ, D.: 2010. 

Prevádzkové meranie tlakových a teplotných režimov na výstupe hydrogenerátora. (The 

operation measurement of pressure and temperature regime on the inlet of hydraulic 

pump) In XII. medzinárodná vedecká konferencia mladých 2010. Nitra : Technická fakulta 

SPU, p. 91-96. ISBN 978-80-552-0441-3. 

[5]  KOSIBA, J., TKÁČ, Z., HUJO, Ľ., TULÍK, J., 2011.: Charakteristika 

hydrogenerátora UD 25 počas prevádzky. (Characteristics of hydraulic pump UD 25 during 

the operation) In 30. Setkání kateder mechaniky tekutin a termomechaniky. Liberec 1 : 

Technická univerzita v Liberci, p. 109-111. ISBN 978-80-7372-747-5. 

[6]  KOSIBA, J., TKÁČ, Z., TULÍK, J., HUJO, Ľ., BLAŠKO, M.: 2011. Hodnotenie 

charakteristík hydrogenerátora pri prevádzkovom zaťažení. (The evaluation of 

characteristics of hydraulic pump under operation load) In XIII. mezinárodní vědecká 



НАУЧНИ  ТРУДОВЕ  НА  РУСЕНСКИЯ  УНИВЕРСИТЕТ -  2012, том 51, серия 1.1 

- 191 - 

konference mladých 2011. Praha : Česká zemědělská univerzita, p. 80-84. ISBN 978-80-

213-2194-6,. 

[7]  KOSIBA, J., TULÍK, J.: 2012. Vyhodnotenie ferografických vzoriek z prevádzkovej 

skúšky syntetického oleja (The evaluation of ferography samples from operation of 

synthetic fluid). In XIV. medzinárodná vedecká konferencia mladých 2012. 1. vyd. 1 CD-

ROM (263 s.). Medzinárodná vedecká konferencia mladých. Zvolen : Technická univerzita 

vo Zvolene, p. 182-186. ISBN 978-80-228-2342-5. 

[8]  TULÍK, J., TKÁČ, Z., KOSIBA, J.: 2011. Hodnotenie hydraulických kvapalín na 

základe zrýchlenej skúšky životnosti hydrostatického prevodníka (Evaluation of hydraulic 

fluids on the basis of accelerated test of hydraulic pump). In 30. Setkání kateder 

mechaniky tekutin a termomechaniky. Liberec 1 : Technická univerzita v Liberci, p. 240-

252. ISBN 978-80-7372-747-5. 

[9]  TULÍK, J., TKÁČ, Z., KOSIBA, J.: 2011. Posúdenie vhodnosti hydraulických 

kvapalín na základe prietokovej účinnosti hydrogenerátora (The availability advisement of 

hydraulic fluid on the basis of flow efficiency of hydraulic pump) In XIII. mezinárodní 

vědecká konference mladých 2011. Praha : Česká zemědělská univerzita, p. 208-212. 

ISBN 978-80-213-2194-6. 

 

ABOUT THE AUTHORS 

Ing. Radoslav Majdan, PhD., Slovak University of Agriculture In Nitra, Faculty of 

Engineering, Department of Transport and Handling, Tr. A. Hlinku 2, 949 76 Nitra, Slovak 

Republic. Phone: +421 904 198 433, E-mail: radoslav.majdan@gmail.com 

Ing. Bohuslav Stančík, Slovak University of Agriculture In Nitra, Faculty of 

Engineering, Department of Transport and Handling, Tr. A. Hlinku 2, 949 76 Nitra, Slovak 

Republic., E-mail: stancikova@stonline.sk 

Doc. Ing. Ivan Vitázek, CSc., Slovak University of Agriculture In Nitra, Faculty of 

Engineering, Department of Transport and Handling, Tr. A. Hlinku 2, 949 76 Nitra, Slovak 

Republic. E-mail: ivan.vitazek@uniag.sk 

Ing. Rudolf Abrahám, PhD., Slovak University of Agriculture In Nitra, Faculty of 

Engineering, Department of Transport and Handling, Tr. A. Hlinku 2, 949 76 Nitra, Slovak 

Republic. E-mail: rudolf.abraham@uniag.sk 

Ing. František Tóth, Slovak University of Agriculture In Nitra, Faculty of Engineering, 

Department of Machine Construction, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic. E-

mail: frantisek1.toth@gmail.com 

Ing. Ivan Štulajter, Slovak University of Agriculture In Nitra, Faculty of Engineering, 

Department of Transport and Handling, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic. E-

mail: ivan.stulajter@gmail.com 

 

Supported by the Ministry of Education of the Slovak Republic, Project VEGA 

1/0857/12 „Reduction of unfavourable impacts of agricultural and transport machinery on 

environment“. 

 


