H29%  H 14 & TR ¥R Vol.29 No.14
74 2013 4F 7H Transactions of the Chinese Society of Agricultural Engineering Jul. 2013
TTNRER 5% [0 % s 44 18] R B9 EHRE iR FF I 2 1
FalfE ', % %', T4 ', Stephanos Theodossiades’
(1. BT RN SRR TS5, A8 230009; 2. $7 K48 K2 Wolfson HLBE-S & TRE2ER, fuRE& LE113TU)

B OE: NUCE AL T RSB ERE, B bR R L 25 e T SO 1) AR Bl A 1 i 1 LB

SCUAARARNT SR B, X8 2% S RN (R IR RGN S22 AT AT T Ao BT )R B R T R
RO BRI RN, ST T U AN BN R [ AR s 5 TR B R IR R A0 Ty 2 o i B 5 4
BT 73 1030 SLZ-RIR ML (K 70 AV RF PR AN, T T2 IR A S EOEIR R G AR B 1 AT NI, Wt
FURW], W FENIARAE 85~ 110 k/h 4238 D[R] A 2% T S0 [ S 43 A A INE B IR AS I 2Ae, - FOZ AR SE IR 438 B
T ECIRAE X BEE g IS, 154 4RI 100 kevh 383209 -40°C IR A e T RS 35 A R B, TOWRAEAT 1) A U a3

50°CIF A FPE HTARIE,  BEWIAT SO B IR S . BETTET R AT AR G i e B fe 2%

doi: 10.3969/j.issn.1002-6819.2013.14.010
PESES: THI32 XEkFrERS: A

A, R
29(14): 74—81.

XEHS: 1002-6819(2013)-14-0074-08

o T F T NBRENE S EE G E R ERMIERSES T[] R TEFR, 2013,

Lu Jianwei, Xu Yi, Wang Xixin, et al. Analysis of shimmy characteristic based on temperature effects and steering linkage
clearance for vehicle[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),

2013, 29(14): 74—281. (in Chinese with English abstract)

0 51 F

TR AN 2 N IALE L2 %, 7
RNV AP BB S T AE s A, ORI
REIBAT AN AT SR, MRS FHisiT+
BN W — RS, RPN AE REFEG I L H AT
DRy, AN 0 RS0 R I R e A Y
B, ATHFSE ORI B S B e 1 ds s Al 20,
P A s M R, WUMT 44, I AT —
Ty B SR R A R AE AL A N e B
AUk, THENUEAEZE R 22 1k AT A3 53R
I RMIRAN B AE L PE A . #14n: Kimura ) F 56
FEUE 07 B T R0 B 2R, Demic % &
) ZFNELLR G, 0T T RS HON AR T
IR M, Stépan SR FIR L T R
S S JON TR P 1 [ R 5 P (R s 1 2 B A
[ BN Pl g ) B2 = 3 ) 2R PR IR R R 8)) ) 27 i i oy
Mrdo g 7 — s 4o,

b IR A RS A A AR R i AR ML T T X

Weks HI: 2012-07-10 BT H#: 2013-05-14

FEETH: ERAKREEIE (50975071 HE BT AA L
FERI (NCET-10-0358) i JH 7 N HI ZERIIT 5T - RITH (CJ20110006)
fEE A SEE (1975—), U, WiAREMA, 2oz, LA Tm,
T NFAEB ST B ST R S TR
&, 230009, Email: jwlu75@163.com

1 TARKHERE, ABA9AT A AL, WS USE T 00
NIRRT S TN (BN B R = (L NP
fRAIL-40CLL R, ifd Ak 50°C . AR
S BURE 1) AR AZ Bl AR AT 8] B AR, SR AR A 1)
RGN 25 N A 25 B H bR, DA AT 2 B 2 L&
Uk B 8N B R R IR AR G B g s W N AT IR
W%

BT UL IS, A SO AT RN R 1)
FEENHUR IR R gl 1A, it R 4000
AR R T, PPASBIRARES SR A2
oot FoA Jmah 11547 A 152 o

1 NREN R a2

1A B S an 1 TR o K Hertz PR,
B RZARIRES TS 2 MR ) SR ) 2k
TR P B — AN R T SRR, S —
R PR R WA, F i sy RO D) 7)ok
P =Ko +Cyy, (D
P=—f 6P, -Cy, 2)
K, P,y PO SE I RIYI M ), Ny K A4
IR, N/m, 0 RN, ACh 2%
SRR 6, BTG, ms Cor G TR
DI e 5220, Nem/s; PiobHIE B IHE 0,0,
T3 18 VLI AER D35 Nso v v Al R m) R



%14 3

JRIEAE NI RON 5 e 1) A SR LA TR B2 2 et 4 0 A 75

AR, km/hs f, W PEBRR K 6 O v, J5 K

e ) 1 v, 20
PR, O =sign(v,)= .
-1 v, <0

4
Shaft pin B
Shaft sleeve

i ke
Shaft pin iz

b. HALIRE

a. In separated state b. In contact state
e Riv Ry AAHEFIAHE LR, my r BB, um; e AAhAS AN S
1[:“ 0102 EEl‘i‘Jy mo
Note: R, is the radius of the shaft pin, m; R, is the radius of the shaft sleeve,
m; 7 is the clearance, um; e is the distance between the centers of the shaft
pin O, and the shaft sleeve O,, m.
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Fig.1 Revolute movement pair with clearance
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Note: D, is the diameter of shaft before deformation, m; Hyis the length of shaft
before deformation, m; z is the length of axis, m; d; is the inner diameter of hole
before deformation, m; D, is the outside diameter of hole before deformation, m.
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Fig.2 Shaft and hole like components
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Note: #; is the shimmy angle of right front wheel, rad; 6, is the shimmy angle of
left front wheel, rad; y is rolling angle of front axle, rad; ¢is the shimmy angle of
tie-rod, rad; M, is the moment applied on the right steering knuckle, N'm; A is
the moment applied on the left steering knuckle, N'm; 7} is the side force of right
front wheel, N; 75 is the side force of left front wheel, N; R is the radius of the
wheel, m; v is the vehicle velocity, km/h; F; is the contact component force in the
X direction, N; F,, is the contact component force in the Y direction, N.

B3 BEAZGZENTER

Fig.3 Diagram of vehicle shimmy system
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Fig.4 Variation of shimmy angles of front wheels under different vehicle speed
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Fig.5 Bifurcation of shimmy angles of front wheels with variation of vehicle speed under limit temperature
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Abstract: Vehicles work in outdoor environments to deliver goods or people, while the ambient temperature
varies in different seasons or different regions. Since the process parameters of the kinetic pair in vehicle steering
mechanisms are usually designed based on the domestic temperature of 20°C, the temperature variation usually
leads to mechanical deformation of components of kinetic pairs in vehicle steering mechanisms, and as a result,
the deformation of the components may change the kinetic and dynamic characters of the kinetic pair.
Consequently, the dynamic response of the steering system may vary if the vehicle is exposed to different
temperature working conditions. As a result, the dynamic behavior of the vehicle shimmy system may be
influenced by the temperature effect. Actually, some cases have been reported that the dynamic response of the
steering system of certain vehicles varied in different seasons or in different regions. To evaluate the influence of
temperature effects on the dynamic response of the vehicle shimmy system with clearance in the steering
mechanism, and to prevent the potential deviation of the dynamic response of the steering system from its original
design goal, the dynamic behavior of the vehicle shimmy system with clearance in steering linkage with
consideration of temperature effect is discussed. Based on thermal elasticity, thermal deformation of kinetic pair
components is calculated, and the influence of temperature effects on clearance of revolute kinetic pair was
analyzed. As a result, interaction forces between the kinetic pair components with consideration of temperature
effect is re-evaluated, and the sub dynamic model of the kinetic pair with clearance with consideration of
temperature effect is available. Consequently, a vehicle with dependent suspension was employed as an example,
and the dynamic model of the vehicle shimmy system with clearance in steering linkage with consideration of
temperature effect is presented. Based on this model, the dynamic behavior of the vehicle shimmy system with
clearance with consideration of temperature effects was discussed. Bifurcation characteristics and initial value
characteristics of the system were analyzed with numerical examples, and the coupling influences of the
temperature and other system parameters, such as vehicle speed, etc, on the global dynamic behavior of the
vehicle shimmy system were evaluated. The results show that the temperature and other parameters can make a
significant coupling contribution to the dynamic response of the vehicle shimmy system. The change of ambient
temperature may lead to significant variation of the dynamic behavior of the system, and it seems that the
influence is likely to be more significant at a higher speed range than that at lower speed range. For those
examples presented in the paper, the dynamic behavior of the system is significantly affected by temperatures in
the speed range 85km/h~110km/h, while it remains stable in lower speed ranges. The method and conclusions
presented in this paper may provide theoretical basis for improvement of a vehicle shimmy control with
consideration of temperature effect, and they are helpful to perfect the modeling theory of vehicle shimmy system.
Key words: vehicles, thermal effects, dynamics, clearance, shimmy
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