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Abstract  Oil pump can reduce the weight by using the Al material. In addition, it is possible to make a low noise, high 
efficiency, and high power. In this study, the analytical study on the performance characteristics of power steering oil pump 
was carried out theoretically by using PUMPLINX. As a result, at the 1000 RPM which is idle state, the discharge flow rate 
and driving torque are very low. As the rotational speed increases, the fluctuation of discharge pressure increases and the total 
efficiency decreases. When the rotation speed is 1000, 2000, 3000 rpm, the volumetric efficiency is 62.7%, 56.8%, 47.6% 
and torque efficiency is 24.2%, 22.8%, 22.5, respectively. Total efficiency is 15.16%, 12.96%, and 10.7%, respectively. 
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1. Introduction 
Recently, there is a rising interest on the problem for 

decreasing weight of commercial vehicle. Oil pump can 
reduce the weight by using the Al material. In addition, it is 
possible to make a low noise, high efficiency, and high 
power. Power steering can reduce the force needed to turn 
the steering wheels of automotive. Also, it is mainly 
equipped into the midsize and full size car in order to 
improve steering ability. The hydraulic device is more 
complicated structure than the electric device and is about 
4~5 kg heavier than that. However, the hydraulic device is 
superior on steering ability and it can make a high power. 

Hydraulic power steering system consists of a pressure 
balanced vane pump, steering gear and pulsation damping 
hydraulic hoses. Vane pump supplying hydraulic in power 
source transports the working fluid to the discharge from 
suction. The chamber between a cam ring, vanes and rotor 
causes periodically volume change due to rotational motion 
of rotor. Some study of oil pump using Al material has been 
carried out, but it is so insufficient. Especially, there has 
been carried out a little study for oil pump applying hydraulic 
power steering and discharge pressure of high pressure. 

In this study, the analytical study on the performance 
characteristics of power steering oil pump was carried out 
theoretically by using PUMPLINX. The result of this study 
is intended to provide required basic data for designing high 
efficiency power steering vane pump.  
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2. Analysis Modeling and Method 
In this study, the performance characteristic of a power 

steering oil pump was analyzed theoretically by extracting 
the flow field of the vane pump. The vane tip gap of the 
simulation was used with the real vane value in order to 
ensure the reliable result. Grid number was formed 
by131,793 totally and the flow field was shown in Fig. 1. 

 

Figure 1.  Schematic of a balanced vane pump 

The analytical study on the performance characteristics of 
a power steering oil pump was carried out theoretically by 
using PUMPLINX and the simulation condition was shown 
in Table 1. Inlet pressure is assumed as atmospheric pressure. 
The performance characteristic of a vane pump was analyzed 
according to rotational speed from 1000 to 3000 rpm in the 
step of 1000 rpm. Working fluid used DEXRON-3 
properties of general oil. 

As the rotation speed increases, a local low pressure area 
is presented inside of inlet port. Accordingly, density change 
is occurred rapidly. This phenomenon is called the cavitation. 
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Cavitation is collapsed rapidly at the outlet with high 
pressure which causes a lot of noise and vibration. Therefore, 
analysis and protection for cavitation generation is very 
important. 

Table 1.  Simulation conditions 

Item Conditions 

Rotation speed (RPM) 1000, 2000, 3000 

Oil temperature (℃) 55 

Inlet pressure (Pa) 101,325 

Outlet flow rate (L/min) 16 

Number of vanes (EA) 10 

In this study, Full cavitation model was used to simulate 
the system in order to consider one dimensional factor of 
cavitation. It includes some concepts like below.  

1) Creation and transport of vapor bubbles 
2) Fluctuations caused by turbulent of pressure and 

velocity 
3) Size of non-condensable gas 
Creation and transport of vapor bubble are designed 

Raleigh plesset’s equation (1-3). And Ce and Cc of phase 
change rate factor are 0.02 and 0.01, respectively [1]. 
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Fluctuation caused by turbulent of velocity was used 
approximately. Fluctuation of pressure was simulated to 
increase pressure influencing the phase change. 
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Mass fraction of non-condensable gas has constant value. 
Mass faction, density, volume fraction of non-condensable 
gas is calculated by equation (6-8). 
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Figure 2.  Pressure ripple and driving torque in chamber with variation of vane angle and chamber volume 
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3. Results and Discussion 
Fig. 2 shows the pressure ripple, driving torque and 

chamber volume according to vane angle for variable rotor 
speeding. Pressure ripple and torque curve are not changed 
when rotation speed increases from 1000 rpm to 2000 rpm, 
while it is rapidly changed when it increases from 2000 to 
3000 rpm. It can be found, as the compression starts, the 
pressure increases significantly. The reason for pressure drop 
in middle angle of compression is because of the back flow 
effect at the outlet [2]. Driving torque increases where vane 
is located and then was decreases. This tendency is repeated 
periodically. The average torque increases linearly with 
rotation speed as the rotating speed increases. Besides, the 
frequency of pressure increases significantly. 

Fig. 3 shows the volumetric, torque and total efficiency 
according to rotation speed. Volume efficiency decreases 
continually as rotation speed increases. It is because the 
cavitation in the chamber increases. In case that rotation 
speed is 1000, 2000, and 3000 rpm, the volume efficiency is 
62.7%, 56.8%, and 47.6%, respectively. In addition, torque 
efficiency is 24.18%, 22.81%, 22.45%, respectively. Total 
efficiency is 15.16%, 12.96%, 10.7% respectively. 
Reduction rate of torque efficiency is relatively small. The 
reduction of total efficiency is mainly due to the decrease of 
volume efficiency by generating much cavitation. 

 

Figure 3.  Volumetric, torque and total efficiency with variation of 
rotation speed 

4. Conclusions 
The analytical study on the performance characteristics of 

a power steering oil pump was carried out, and the detail 
results obtained through this study are as follows. 

1) Pressure ripple and torque curve are not changed when 
rotation speed increases from 1000 rpm to 2000 rpm, 
while it is rapidly changed when it increases from 
2000 to 3000 rpm. It can be found, as the compression 
starts, the pressure increases significantly. The reason 
for pressure drop in middle angle of compression is 
because of the back flow effect at the outlet.  

2) Volume efficiency decreases continually as rotation 
speed increases. It is because the cavitation in the 
chamber increases. In case that rotation speed is 1000, 
2000, and 3000 rpm, the volume efficiency is 62.7%, 
56.8%, and 47.6%, respectively. In addition, torque 
efficiency is 24.18%, 22.81%, 22.45%, respectively. 
Total efficiency is 15.16%, 12.96%, 10.7% 
respectively. 
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