Transactions of KSAE, Vol. 12, Ne. 1, pp.174-183 (2004) Copyright © 2004 KSAE
1225-6382/2004/067-24

=& 2 Ao|eHEo| MSeiAM m= g st
X

=3
s-d%8 =

AGCHE L 7(ARSASER" - AGHEm CiE 7| AISETP - SO (of AHeEs MasiAg?

Development of Performance Analysis Program for
a Hydraulic Shimmy Damper of Steering System

Jae-Cheon Lee™” - Yong-Seung Jeongz) - Jin-Hong Kim”

"Faculty of Mech. & Automotive Engineering, Keimyung University, Daegu 704-701, Korea
2)Depart. of Mech. Engrg, Graduate School of Keimyung University, Daegu 704-701, Korea
YR&D Division for Hyundai & Kia Motors Co., Changduk-dong, Hwaseong-si, Gyeonggi-do 445-706, Korea
(Received 14 May 2003 / Accepted 21 September 2003)

Abstract : A program to analyze the performance characteristics of a hydraulic shimmy damper for automotive
steering system was developed in this study. Dimensionless mathematical equations of the dynamics of shimmy
damper for forward and reverse fluid flows were derived respectively and incorporated into the Simulink models. The
program was validated by comparing the results of simulation and experiments for various frequencies of upstream
ripple pressures into the damper.

Low-pass filter characteristics of the shimmy damper at reverse flow was demonstrated which means that the shimmy
damper could alleviate the high speed ripple pressures induced by the unbalance oscillation of tire in vehicle driving.
The parameter sensitivity analysis was also conducted to identify the dominant parameters for the damper performance.

Key words : Shimmy damper(A]®]=13), Steering system(Z=%F7]), Ripple pressure(™8-F +#!), Short-length
orifice(Z-2 2 7] 7] 2), Low pass filter( %] & & €]), Parameter sensitivity analysis( =j) 7} ¥ <= 1 ZF = &} A1)

Nomenclature C : ratio of total sector area and disc area

Cd . flow coefficient of orifice, short len,
Ay, Ag, Ay Az, Ay A, : flow area of forward 23 gth

ifi d sharped-edge orifice respectivel
flow orifice, backward flow orifice, slit oritice and sharpec-cage Ortlice respectively

. . K : spring constant
section(= bh), slit overflow, sector groove, and . . .
. . K. K. : pressure-flow coefficient of discharging
disc respectively

throttle valve, forward and backward flow

A, : arearatio (= bh ) .
20 % 4 respectively
— . 37R3 | 1— R? K dimensionless spring constant of forward
A, . arearatio |= A, o 71
* | 2m() flow (- K@
P mA dz @y
K, dimensionless spring constant of backward
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L, . circumferential length of sector groove
P,,,,5 : pressure at each node
P, : maximum supply pressure

P, ,,.5 : dimensionless pressures

__Pirans
Pm

4P : pressure drop
Q. : supply flow rate
Q : reference flow rate for forward flow
= [ 2 )
( CupLsxy, 0 P
Q. . reference flow rate for reverse flow
= . 2 )
(= ca-2txn 2 P,
R : ratioof Ry and R, (= R/ Ry)
R,, R, : equivalent radius of slit and sector
S/ . sensitivity function vector for i-th state

variable against j-th parameter

Viso.3 - fluid control volume at each node

X : state variable vector

b slit width

h . slit depth

/ slit length

m, m, disc mass of forward and backward flow
respectively

t : time

Xy X, : spring displacement, at forward and back-

ward flow rate respectively
x;, %, . i-th state variable and i-th state variable

under nominal parameters respectively

X : steady state value of i-th state variable
&y . state variation of i-th state variable

X m : maximum spring displacement

x : dimensionless spring displacement at

forward flow (= ;‘ )

m

%, . dimensionless spring displacement at
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X
reverse flow (: 2 )
X om

dimensionless parameter

— e X
(= =arie.)
dimensionless spring velocity

_—dx _— _dx
(—w ar ¥ X dr)

spring velocity, at forward and backward

respectively

dimensionless parameter for forward flow

_mao, Q;
P.A G
dimensionless parameter for reverse flow
M, @, Q,
S

nominal value of j-th parameter
effective bulk modulus
ratio of flow coefficients of forward flow

__Ca A,
(_ Cdl L3 xm)

ratio of flow coefficients of backward flow

— CdZAZ?’
(_ c@-zzxm)
Vs

volume ratio (: Vz)

. B Vi
volume ratio (— Vz)

dimensionless parameter of forward flow

(~—araser)

dimensionless parameter of backward flow

- Xm
(— Q r/ A v @y )
dimensionless time (=w - #

ratio of flow coefficients of forward flow
- K.

(_ Cap Lyx, )

ratio of flow coefficients of backward flow
_ Ky

(‘ Cu2lx, )

oil density
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) e CaAs
& : ratio of flow coefficients ( T L )
@ : arbitrarily adjustable frequency for simulation
@ : dimensionless frequency ( =~3~*)

w, . dimensionless frequency (: a‘]" )

Ry

w, @ natural frequency of valve disc of forward flow

[-14)

@, : natural frequency of valve disc of backward
_BAL
flow ( =\ ;. VZr)
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Table 1 Specification of test apparatus

Component Model Specification
Pressure Sensys, Pressure range :
transducer PMSK 0250 || 0~250 kg, cm 2

KAIA Accuracy : 0.5%
Built-in amplifier

Output range :
0~10VDC
Variable PVS-1B-222 || Capacity : 22 cc/rev
capacity Pressure range :
piston pump 30~140 kg, cm 2
DAQ-board | NI PCI-6062E || Analog input : 16 CH
Sampling rate:
500kS/s
Pressure Hyupsung Pressure range :
gauge 0~150 ke,/ cm®
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