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Measurement of Flow Ripple Generated by Balanced Vane Pumps
in Automotive Power Steering Systems
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ABSTRACT

A balanced vane pump for the use of automotive power steering systems generates a flow
ripple which is imposed upon the mean flow rate. The flow ripple interacts with the
characteristics of the connected pipes, valves and steering gear in a complex manner to produce
a pressure ripple, also known as fluid-bome noise. In order to reduce vibration level and
produce quieter and more reliable power steering systems, it is important to measure the flow
ripple produced by a pump with high accuracy and fast response.

In this paper, the flow ripple generated by a vane pump in automotive power steering
systems is measured by the remote instantaneous flow rate measurement method (RIFM) using
hydraulic pipeline dynamics. In experiment, flow and pressure ripple wave forms are measured
under various operating conditions. Also, the parameters affected upon the flow and pressure
ripple are investigated by the frequency analysis.

F927)&840] : Power steering('F 3 Z3F), Balanced vane pump(L 8333 ¢l L), Flow
Ripple measurement(+ 325 7|%), Hydraulic pipeline dynamics(#4#2 $549)

Nomenclature P : Laplace transform of p, MPa
a : inner radius of pipe, m q : flow rate deviation, m’/s
¢ : sonic velocity in oil, m/s Q : Laplace transform of q, m’/s
G(s) : transfer function s : Laplace operator
Ji(x): Bessel function in first kind and order n t :time, s
j : imaginary unit(=vV—1) A4t : sampling time, s
L : pipe length, m Zo : characteristic impedance

A . propagation constant

v : kinematic viscosity of oil, m%s
o : density of oil, kg/m3

w : angular frequency, rad/s

p : pressure deviation, MPa
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Fig. 5 Flow ripple estimation process by FFT
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Table 1 Properties of power steering oil

specific weight 0.861
viscosity (at 40C) 38.01[cSt]
(at 100TC) 7.56 [cSt]
viscosity index 172
flashing point 204.0 [C]
pour point -425 [TC]
color red
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