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Abstract— A set of hydraulic test system was designed and 

built to complete the performance test for pumps. Next, the 

simulation model of the system was built in the hydraulic 

simulation software AMESim, and the models of  tested pump, 

relief valves and check valves were built by HCD library. 

According to National Standard JB/T 9714-1999, the necessary 

test items were simulated and the dynamic responses of the test 

system were analyzed. Simulation results show that the test 

system can exactly reflect the performance parameters of tested 

pump and meet the demand of hydraulic pump performance 

test. Finally, corresponding test bed was built according to the 

test system and verified the above simulation results. 

Experimental results were consistent with simulation results, 

which proves the feasibility of the test system. 

 

Index Terms— AMESim, hydraulic pump, simulation, test 

system. 

 

I. INTRODUCTION 

Hydraulic pump is the power component of hydraulic system 

and its performance directly affects the property of whole 

system. The accurate measurement of pump performance is 

the important way to improve the property of hydraulic 

system. Yang Shangxian et al. design a set of test system for 

high-pressure plunger pump based on CAT technology [1]. 

Wang Xiangzhou et al. establish a novel mathematical model 

to predict the performance parameters of hydraulic pump 

which can save testing time and energy [2]. Zhang Liping et 

al. develop the hydraulic pump performance measurement 

system using the LabVIEW software [3]. Whereas common 

test systems for pump have the problems of low 

generalization level and measurement accuracy, large 

occupied area, difficulty in operation and high investment. 

According to National Standard JB/T 9714-1999 and the 

requirements of pump performance test, a set of hydraulic test 

system for pump was designed. The test range is that the 

pressure test range is from 0-45MPa, the flow test range is 

from 0-300L/min, the pump rotation speed test range is from 

0-6000r/min and the maximum of driving torque of pump is 

350Nm. 

The simulation model of the hydraulic system was built by 

the software of AMESim. The simulation tests gave the test 

data and the results were analyzed. 
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II. HYDRAULIC TEST SYSTEM  

The principle of the test system is shown in Fig.1. The 

power unit consists of motor 5 and supply pump 4. Supply 

pump 4 supplies hydraulic oil for tested pump and the supply 

is more than the need of the tested pump, and the redundant 

oil overflows through electromagnetic relief valve 8. 

Electromagnetic relief valve 8 is used to adjust the oil 

pressure at the outlet of supply pump 4, electromagnetic relief 

valve 22 is used to adjust the oil pressure at the outlet of tested 

pump and load to tested pump. Directional valve 23 is 

connected in parallel with electromagnetic relief valve 22 to 

form an impact test unit, which can complete the impact test 

of tested pump by adjusting the directional valve 23 to 

switchover the pressure at the outlet of tested pump. Four 

check valves 9-12 compose the rectifying circuit unit to 

switchover the oil circuit of tested pump, which can improve 

the reversing stability, decrease the hydraulic impact and 

complete bidirectional test of tested pump. The torque and 

speed of tested pump is measured and exported by 

torque-speed transducer. Traditional pressure gauge and oval 

gear flowmeter are also used to make observation on the spot 

convenient. 

1

262

3

54

6

7
24

25

22

11 12

9 10
F

G

16 17 18 19

13

T
14 15

20 21

8

23

 
Fig.1 The principle of hydraulic pump test system 
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III. SIMULATION MODEL OF THE HYDRAULIC 

SYSTEM 

The hydraulic library of AMESim concludes many general 

components which can meet demands in most cases. Whereas 

in order to obtain more accurate dynamics response of the test 

system, the simulation models in the test system was built 

using HCD library of AMESim according the parameters of 

actual selected tested pump and hydraulic valves [8]-[10]. 

Tested pump is built according to radial piston pump 

PFR-202 and the model is shown in Fig.2, which rated 

pressure is 50MPa, rated flow is 2.55L/min and rated speed is 

1500r/min. Tested pump concludes three pistons which press 

on cam with the internal of 120 degrees respectively. Interface 

A and B are the inlet and outlet of the tested pump, 

respectively. According to the schematic diagram shown in 

Fig.1, the simulation model of the test system is built like 

Fig.3, in which the relief valves and check valves are built by 

HCD library according to actual structures. The interface A 

and B between check valves are connected with the interface 

A and B of tested pump, respectively. 

 
Fig.2 Simulation model of tested pump 

  
Fig.3 Simulation model of test system 

Considering the accuracy of data and the ideality of tested 

pump, the print interval in simulation was set as 0.002s. The 

parameters of main components of the test system except for 

tested pump are listed in Table 1. 

Table 1 Main simulation parameters 

Items 
Parameter 

setting 

Displacement of supply pump/(ml/r) 2 

Rated speed of supply pump/(r/min) 1500 

The rated pressure of the supply pump/(MPa) 3 

The critical pressure of check valves/(MPa) 0.05 

The rated pressure of the tested pump /(MPa) 50 

IV. SIMULATION RESULTS AND ANALYSES 

Though changing related parameters of the system in 

simulation, the flow rates of tested pump with different speed 

in no-load condition were obtained and shown in Fig.4. The 

no-load displacement calculated according to formula (1) is 

1.715ml/r, which is 100.9% of the nominal displacement of 

tested pump and meets the requirements of displacement 

verification test. 

          (1) 

where Vi is no-load displacement, ml/r;  is the number of 

measured speeds; ne is actual speed, r/min; q2,e is actual output 

flow rate, L/min. 
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Fig.4 Result of displacement verification test 

 

With the maximum displacement of tested pump, the speed 

of tested pump was set as 100%, 85%, 70%, 55%, and 40% of 

rated speed, the outlet pressure of tested pump was set from 

no load to 25%, 40%, 55%, 70%, 80%, and 100% of rated 

pressure, respectively. The tested pump data at each pressure 

point such as input torque, output flow rate were obtained 

through simulation. The power and efficiency of the points 

were obtained by calculating through following formulas: 

 

Output hydraulic power 

                             （2） 

Input mechanical power 

                            （3） 

Volumetric efficiency 

                  （4） 

Total efficiency 

                （5） 

 

where  is output pressure, kPa;  is actual input torque, 

Nm;  is actual displacement, ml/r;  is actual output rate 

with no load, L/min;  is the speed with no load, r/min;  

is input pressure( which is positive when higher than 

atmospheric pressure and negative when lower than 

atmospheric pressure), kPa;  is output flow rate, L/min. 

The curves obtained by calculating are shown in Fig.5.  
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(a)  Speed - flow rate 
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(b) Speed – power 
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(c)  Speed - volumetric efficiency 
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 (d) Speed - total speed 

Fig. 5 the curves of tested pump parameters changing with 

speed 

Fig.5 (a) shows the curves of tested pump flow rate 

changing with speed under different pressures. The output 

flow rate under any pressure increases with the rise of speed. 

But the increasing range decreases because the leakage 

increases with the rise of pressure. Fig. 5 (b) shows the curve 

of tested pump output power changing with speed under 

different pressures. According to formula (2), output power is 

the product of outlet pressure and flow rate. With the constant 

pressure, flow rate increases with the rise of speed, which 

makes the output power increasing. With the constant speed, 

the output flow rate is almost invariant while the power 

increases with the rise of outlet pressure. Fig.5 (c) shows the 

trends of volumetric efficiencies changing with speed under 

different pressures. According to formula (6),  

                                (6) 

where  is flow loss and qt is theoretical flow rate,  is 

proportional to outlet pressure and unrelated to speed 

theoretically and  increases with the rise of speed, which 

causes the volumetric efficiencies  under different 

pressures decrease with the rise of speed. Fig.5 (d) shows the 

trends of total efficiencies changing with speed under 

different pressures. Although volumetric efficiency increases 

with the rise of speed, the friction loss caused by relative 

sliding on piston inner surface increases with the rise of speed, 

which causes that mechanical efficiency decreases markedly, 

therefore the total efficiencies under different pressures 

decrease with the rise of speed.  

The above characteristic curves show that the trends of 

flow rate, power and efficiency of tested pump obtained from 

the tested pump are constant with those given by test standard. 

The tests of other items on hydraulic pump could also be 

operated by the test system built in AMESim. Other tests 

don’t be described here due to limited space. Above 

simulation results and analyses show that the test system 

meets the requirements of pump performance test. 

V.COMPARISON BETWEEN SIMULATION AND TEST 

RESULTS  

Corresponding test bed was built based on the simulation 

and analysis of the designed hydraulic pump test system. The 

test system was divided into testing part and information 

collecting and processing part. Testing part includes pump 

test bed (shown in Fig.6) and valves control bed (shown in 

Fig.7). 

 
Fig.6 Pump test bed 
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Fig.7 valves control bed 

Information collecting and processing part is shown in 

Fig.8. The performance test was completed by operating the 

control cabinet. The pressure, flow rate, torque and other 

information produced in the testing process was collected by 

the signal acquisition cabinet which can show the information 

on the screen in real time and transmit it to the software in 

computer to calculate and process. 

 
Fig.8 Information collecting and processing part 

Only the data related to efficiency test are shown here 

because of limited length. Under rated speed, the outlet 

pressure of tested pump was adjusted at 6 bisectrices in the 

range from no-load pressure to rated pressure respectively. 

The flow rate, power, efficiency and other data were obtained 

by measuring and calculating and shown in Fig.9 and 10. 
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(b) Pressure- power 

Fig. 9 Pressure - flow rate, Pressure - power 

Fig.9 shows the curves of output flow rate and output 

power changing with pressure under rated speed, respectively. 

The leakage of tested pump is proportional to outlet pressure, 

therefore the actual output flow rate decreases with the 

increase of pressure under rated speed. But the change is 

small and the output power increases with the rise of outlet 

pressure. The variation of test result is the same as that of 

simulation result and the error is allowable, which proves the 

feasibility of the test. 
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(a) Pressure - volumetric efficiency 
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(b) Pressure - total efficiency 

Fig. 10 Pressure - efficiency 

Fig.10 is the curves of volumetric efficiency and total 

efficiency of tested pump changing with pressure under rated 

speed. Because of leakage loss and residual volumetric loss, 

the volumetric efficiency of radial piston pump decreases with 

the increase of outlet pressure [11]. Under low-pressure 

working condition, the proportion of mechanical friction loss 

is large and mechanical efficiency is low. With the increase of 

working pressure, the mechanical efficiency increases 

gradually and the change is larger than that of the decrease of 

volumetric efficiency. And it can be also known from formula 

(5) that the total efficiency increases with the rise of outlet 

pressure. The variation of test result is confirmed to that of 

simulation result and the error is allowable, which proves the 

feasibility of the test. 

IV. CONCLUSION 

The analyses of simulation results show that the test system 

can complete no-load displacement test, efficiency test and 

other tests of the pump and can obtain the performance 

parameters of tested pump accurately, which meets the 

requirements of pump performance test. The comparison 

between the actual test result from test bed and the simulation 

result from AMESim shows that the designed system has 

feasibility and can be applied to the test in actual working 

condition. 



 

International Journal of Engineering and Technical Research (IJETR) 

ISSN: 2321-0869 (O) 2454-4698 (P), Volume-7, Issue-4, April 2017 

                                                                                                  48                                                            www.erpublication.org 

ACKNOWLEDGMENT 

This work supported by National Natural Science 

Foundation of China (Grant No. 51375282), Science and 

technology development program of Shandong province 

(Grant No. 2014GGX103043), Natural Science Foundation 

of Shandong Province (Grant No. ZR2014EEM021). 

REFERENCES 

[1]   Shang-xian Yang, Wen-zhuo Li, Yong-sheng Chai, Zhao-lu Ding, “

The design and analysis of a high-pressure plunger pump test system,

” Chinese Hydraulics ＆Pneumatics, Jun., 2016, pp.18-23. 

[2]   Xiang-zhou Wang, Ye Lu, Shu-hua Zheng, “Novel method for operating 

characteristics test of a hydraulic pump,” Journal of Beijing Institute of 

T echnology, Vol.24, No.1, 2015, pp.74-82. 

[3]  Li-ping Zhang, Bo Cheng, Du-juan Song, “Virtual instrument based 

test-bed for the hydraulic pump performance measurement system,” 

Advanced Materials Research, Vol.422, Dec., 2011, pp.188-191. 

[4]  Yi-lei Li, Zhen-cai Zhu, Guo-an Chen, “A novel test system of high 

energy efficiency for emulsion pump,” Applied Mechanics and 

Materials, Vols. 66-68, Jul., 2011,pp.1017-1021. 

[5]  Shu-mei Chen, Wei Zhang, “The design of the measuring and 

controlling system of the high power pump performance test-bed based 

on virtual instrument technique,” Advanced Materials Research, Vols. 

139-141, Oct., 2010, pp.1967-1972. 

[6]   Xin Zhang, Ji-long Zhao, Qing-liang Zeng, “Study of the testing system 

for road-header pump and motor,” Applied Mechanics and Materials, 

Jan., Vols,727-728, 2015, pp.761-764. 

[7]   Michał Banaś, “Control of the hydrostatic load unit with the electronic 

control system,” Solid State Phenomena, Vol. 199, 2013, pp.657-660. 

[8]   Xiang-lin Liu, Xiao-feng He, Long-jun Luo, Xiao-hui Luo, “Simulation 

on the dynamic characteristics of an electromagnetic relief valve with 

high pressure and large flow rate,” Applied Mechanics and Materials, 

Feb. Vols.303-306, 2013, pp.1786-1789. 

[9]  Yu-bei Zhao, Lin Zhang, Yong Wu, Yan-ting Wang, “Modeling and 

simulation of electromagnetic relief valve based on AMESim,” Coal 

Mine Machinery, Jul. Vol.35, 2014, pp. 45-47. 

[10] Gui-hua Fang, Wen-bin He, Ya-bin Liu, “The modeling and simulation 

of two-way cartridge check valve based on the AMESim,” Advanced 

Materials Research, Jun. Vols.706-708, 2013,pp.1635-1638. 

[11] Jing-long Qiang, “Efficiency analysis of high pressure radial piston 

pump with one oil distributing valve,” Journal of Northwestern Institute 

of Architectural Engineering, Feb.1996,pp.12-20. 

 

 

 Li-rong Wan, professor in Shandong University of 

Science and Technology, received B.E. degree in mining machinery in 1985 

from Shandong Mining College, M.E and Ph.D. degrees in 2003 and 2008 

from Shandong University of Science and Technology. Her research 

interests include virtual prototype, concurrent engineering, 

electromechanical integration and hydraulic transmission and control.  Dr. 

Wan’s awards and honors include 12 authorized patents, more than 50 

published papers on publications and conferences at home and abroad, the 

first prize of Progress Prize in Science and Technology in Shandong 

Province in 2011, the second prize of National Prize for Progress in Science 

and Technology in 2012. 

 Yan-jie Lu, student in Shandong University of 

Science and Technology, received B.E. degree in machine design & 

manufacturing and automation in 2016. Her research interest is hydraulic 

transmission and control. 

 Qing-liang Zeng, professor in Shandong University 

of Science and Technology received the B.E. degree in Coal Mine 

Mechanization in 1985 and M.E. degree in Mining Machinery in 1988 from 

Shandong Mining College, and the Ph.D. degree in Machine Design and 

Theory from China University of Mining And Technology in 2000. During 

2001 to 2002, he studied in control theory and control engineering in 

automation department in Tsinghua University as a postdoc. His research 

interests include electromechanical integration, hydraulic transmission and 

control, condition monitoring and fault diagnosis, computer integrated 

manufacturing system, concurrent engineering, virtual prototype and so on. 

He participated more than 40 items such as the National SciTech Support 

Plan, National 863 Program and Natural Science Foundation of China as 

principle or main researcher. He accessed the second prize of National Prize 

for Progress in Science and Technology and published more than 90 papers 

as the principle person. 

 Peng Liu, student in Shandong University of 

Science and Technology, received B.E. degree in machine design & 

manufacturing and automation in 2016. His research interest is hydraulic 

transmission and control 


