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Effect of Caster Angle on Multiple Limit Cycles in
Independent Suspension Shimmy
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Abstract

Considered the front alignment, a 4-DOF vehicle shimmy model with independent suspension was
established by Lagrange equation. The numerical analysis for the speed range of multiple limit cycles and
numerical characteristics was performed with respect to the change of the caster angle. It showed that the
speed range of multiple limit cycles was advanced. The amplitude of unstable limit cycles was reduced.
The amplitude of stable limit cycles was enlarged and the frequency didn’t change with increasing caster
angle. The paper result was helpful to provide theoretical reference for reducing vehicle shimmy and
controlling of multiple limit cycles.
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Fig. 1 Dynamic model of vehicle shimmy with

independent suspension
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Fig.3 Phase trajectory of right wheel when a =2°
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Fig.4 Phase trajectory of right wheel when a =4°
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Fig.5 Phase trajectory of right wheel when a =6°
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Tab.2 Characteristics of unstable limit cycle vs caster

a=2° a=4° a=6°
W/ RREWR HES AREmR MBS RRERR
km-h ™" HIEE/(°) km-h ™" FIEE/(°) km-h ™" FIEE/(°)

18 7.42 15 7.13
I‘ETJ ,&/ﬁ\ﬁﬂjﬁ’ﬂmﬁ KET&KEITE'J%@,/FI%?D@ 6 Fi 23 4. 65 18 4.85
R2WMA 23 8. 17 31 4.64 23 3. 49
& 7 &G0 a =2°BH{E v =23 km/h IHEE 4242 31 4.77 43 2.43 31 2.35
R GAEARFWIA R AR . ZER IR 1 AR 4E B s 2l 2
s . 88 4.34 95 2.75 126 2.65
SN R A O SO L S F R L, Y T P e
16 B A B 2 12 e e W BR B 5 FE A PR 2R 2 P 4R 3R Y
15 — RIFEE IR 20 . 25 — KA R
— - /N RESE S — ¥ — KR E WA — T e N R W B IR
< MORSERRE o N i e IR BB
& E10 a 25
s = EA0p | -
bl ¥ 5 i i &« ; '.
g Bl L BN
0 20 40 60 80 100 120 0 30 100 130 0 50 100 150 200
HEv/kmeh™! M v/kmeh™! HEv/kmeh™!
(@) (b) (©)
B 6 ANTA] 38 5 A s AR R A i 15 3 1Y) 4 225 1l
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YBOHE 3 90 i i e 2R P s 1) A BREA L, AR AR FRE
2 B0 I AT A0 4 R S AR I o 1) T R B 2R
3, UL IR PR B 2 O AN B2 0 BR 6  fE AR BR 2 3 P9 4k
200 358 PN AT 500 2 L I G AR B 38 B ) AR R R
3, UL B BRI 3 R AR E I B IA
2.2 HEERSW

(1) a =2°mF, #£ F2R R GEAEA R 90 40 0 T
TS B RS E AR R ER A AR P (1] 3a) o BEIER
PR AR 9 10, 11°, B R O 4,10 Hz; /)N 36 g {H 4
1. 47° 30 4. 73 Hz A 4R 424K R GEAE A TR 9) 46 3
Jil T fiJa — U H B A E R R ER A A (] 3b)
BEIF R IR 6. 0, 551y 4. 50 Hz; /N30 05 {5
1.50° 455 5. 11 Hz,

(2) o =4°WF FE A 1RIR R GEAE A [R]0) 3 sl
e AR 388 DX E] B U B A AR 2 B BR ER B AR A
(FE 4a) BB RERIEAE D 12. 48°, 35 A 4. 06 Hz;
/NERIEAE g 1. 48° iR Oy 4. 68 Hz, FEF{EIR R4S
TEA TR 200 33 il A A X 8] i i — W HE B A B
FE M BRI AH I (] 4b) , LB R IEAE O 18. 29,
RE Ty 4.22 Hz; /NRIRAE S 1.93°, 55 % )y 4. 65 Hz,
FE AR IR AR GEAE AN R0 0 a1 A v 3 DX )
BT AE E W BRER A AR [ (P& de ), G IS DR A i £ A
11.57° 4%k 4. 39 Hz; /NIRIE(E K 1. 96°, 45 Ky
4.93 Hz, FEAEIR R GUAEA W) 90 40 060 T 18 v 8
DX IH] i Je — U HE B A A2 R R ER A A AL (] 4d)
B KPR B (BN 5. 48°, LA 4. 65 Hzs /N R IR (H
H1.49° JiiEK Ny 5.27 Hz,

(3) =6, B4 12K R GEAEA R 9) 4 8l
e AR 88 DX E] B U B A AR 2 B BR B 6 AR 1A
(K 5a) o MBS RIREEAE N 13.77°, 3550 4. 05 Hz;
/NIRIRAEL N 1. 49° B0 4. 66 Hz, FEA1EIR RGEAE

A TR) 200 B 8 il A AR T DX 8] e i — W B A B
W BRIF AR (FE] 5b) o BEi R ERIEAE D 22. 63°, 5
KN 4.19 Hz; /NIRIE(E N 1.92° 5% &y 4. 57 Hz,
FE AR IIR 2R GEAE AN [R) 90 50 B0 A v 3 DX [ K
B AR W BR PR A A P (& S ) 1 Pk R B £
9.93° MR K 4.53 Hz; /NI IRAE S 1. 84°, Hii K Ky
5.17 Hzo HFERARIR ZR GUAE A R 0046 0 T 16 5
DX [8] 5 i — W Hh B A AU 1 FROF i A BT (] 5d)
BEIN R IR AR 5. 45°, 3R Oy 4. 77 Haz; /)35 1 {5
N 1.46° B K 5. 42 Hz,

B3 ~5 SRR 1R IR K LR AT I 500 i e A
5K, REURN REZ 7 A2 R B2 IR , /N SURN RE 08 7 A2
/NI TR

(4) NZ 2 wral 1, e i o 200, LA AR
SE M FRFP 0 BE X (6] S [ 23,95 15 24 J5 i ffy g 4k,
H BN R E A FIR BA A 3 2 X [R) O [ 18,43 ] A1 [ 88,
126 ] 5 45 fA o 6° 1, H BUAS A2 2 A BR 2R 14 3 12
XE D [15,31 JRI[ 122,154 ] Fewhal 51, XF F[A]
— R R B IS BT B0 O, AN R E B R B 4 0 {8
D BV R G By 7 R IR

(5) B 6a 5 BfA o =2° ] 1 R g {515 38 i
f 0 2 B, I R B XCRR B 5 X T) O [23,95 15
B 6b I A o = 4° I Bl FIREP i {815 34 12 14 20 22 T
LRSS BRSO 3 B2 IX [R] [ 18,43 1 A1 (88,126 | 5 /4] 6¢
IR o = 6° % BRI IEEL 55 1 52 119 3 22 P81, L i B
XA X 8] [15,31 J#I[ 122,154 ]

i (B 6 X L 2 W BE A J5 A 3 K, B
S AP PR A 1 o B2 X ) R I T, R 1 A E A R 114
R fEHE R T o

3 it

(1) Jl i@ 2% 8 MBS T R S 8
R PR B B R IR R AP AE Z R R I B S

(2) WA 5T 5O, 2 4% B2 36 1 3 5
DX TR] 472 i, A A 2 A B B A9 i L D 20, A ) A 7 A B
PRI R AELSE O, 3R A8 A AN R 3 106 I i A O
ARG Ty S KA IR R o

(3) Wl 5 0 5 K, 04 B A B IR
DX 0] K% i (A 38 O, PRI, A R I oo 3 [0 1 4 P
S 4 A e T A A

& % x Wt

U R S 1 56 R R E A7 2 B0 VR R SR IR A B AT 58 B TR ) 3 1 A A S A [ D] BT i A R 2, 1989.

Song Jian. Oriented tire and wheel alignment parameters of the car shimmy impact studies and analysis of vehicle lateral

dynamics optimization[ D ]. Beijing: Tsinghua University,1989. (in Chinese)

2 HALHE RERAS T E (ML KA MR EOR AL, 1991



£ Pl 2 R 2012 4

10

11

12

Pacjka H B. The wheel shimmy phenomenon[ D]. Netherland: Delft University of Technology,1966.
BB A B AR R A R A BT L D ] JE a3 A R4, 1995.
Qian Zhusheng. The study of steering wheel shimmy for vehicle with independent front suspension [ D ]. Beijing: Tsinghua
University,1995. (in Chinese)
ERARER BT 57 B AR R 1 R A BE S T B N Hopt 20 2 PRS2 W [T 1. MLAR 0 7% 2 4t , 2011,
47(2) :130 ~135.
Wang Wei, Song Yuling, Li Guixian. Influence of independent suspension automotive steering clearance and coulomb friction
on Hopf bifurcation characteristic[ J]. Journal of Mechanical Engineering, 2011,47(2) ;130 ~135. (in Chinese)
AR 23 & BASTEVR TR B 1) SR 4R IR LB R FC AR ) S W5 b B T [ D] I HF « 75 bR 2% ,2005: 10 ~ 37.
Li Sheng. Study on mechanism and control strategies of vehicle steering wheel shimmy with bifurcation theories [ D ].
Changchun: Jilin University, 2005: 10 ~37. (in Chinese)
[ A, AR A IR AT A B IR R R EC LT ] ARl LB 412 , 2007 ,38(5) :27 ~31,26.
Han Tongqun, Zou Hanhua. Simulation of influence factors on front wheel shimmy of off-road vehicle[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2007, 38(5): 27 ~31, 26. (in Chinese)
PG BB, £ R, & dl @A R B IR R G AR LM S Ty R [T ] RO LR 4 ,2007,38(12) <1 ~4,10.
Lu Jianwei, Gu Jue, Wang Qidong. Modeling on nonlinear dynamics of vehicle shimmy with clearance of movement pair[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2007,38(12) :1 ~4,10. (in Chinese)
MR, B A . VR ERT A IR IR IR LR S L3R [T ] AL AL 2 41,2007 ,38 (11) ;174 ~ 177 ,195.
Lin Yi, He Lijuan. Overview of automobile front wheel shimmy in nonlineer field[ J]. Transactions of the Chinese Society for
Agricultrual Machinery, 2007,38(11) ;174 ~177,195. (in Chinese)
R BIE . ATHE A S A XK BB IR T ST (1], A Tl R AE 2 4R A AR R AE R, 2012,35 (1) 29 ~
12,61.
Jiang Gensheng, Wei Daogao. Study of the effect of front wheel caster angle on self-excited shimmy of vehicle[ J]. Journal of
Hefei University of Technology: Natural Science, 2012,35(1):9 ~12,61. (in Chinese)
B, FSLIT, X, SRS i R AT RS A UM B BT LT] . AR HLB 2 4R 2004 ,35(4) <12 ~ 15.
Wei Daogao, Zhou Kongkang, Liu Guang, et al. Improved design of castes on a vans[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2004, 35(4) :12 ~15. (in Chinese)
Pacjka H B. Tyre and vehicle dynamics[ M ]. Oxford: Butterworth-Heinemann,2002.

(L#EE 21 )

13

15

16

18
19
20

AL AN N, A5 = YRR AL T AR N S5 05 LT AR HLAE A 4 ,2009,40(3) 11 ~4,25.

Peng Jia,He Jie,Cong Ying,et al. Modeling and simulation of general 3D virtual stochastic road model[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2009,40(3) :1 ~4,25. (in Chinese)

TR, F R, 2R 8. ADAMS =4 B IUBK A S B[] 3R % 182 ,2006,28(2) : 163 ~ 166.

Cheng Chao,Wang Dengfeng, Li Chengde. Creation of 3-D virtual road with ADAMS[ J]. Automotive Engineering, 2006,
28(2): 163 ~166. (in Chinese)

RZ LG BRA, S = Yl B TS A 07 EUE A S B0 UE [T ] BTV R 4 R R, 2009,43(10) 11935 ~ 1 938.

Wu Can,Wang Weirui,Chen Ying,et al. Simulation and validation of three dimensional road surface spectrum[ J]. Journal of
Zhejiang University ; Engineering Science,2009,43(10) :1 935 ~1 938. (in Chinese)

K %, £ AR, XV, S5 VR = 4E R A0 B A R R B S ST ] UM D AR 2540 ,2011,47(8) 1126 ~ 133.

Hou Yongtao, Wang Guolin, Liu Jian,et al. Design and implementation of the 3D virtual road reconstruction system for vehicle
[J]. Chinese Journal of Mechanical Engineering,2011,47(8) :126 ~133. (in Chinese)

FAT M, £ RS VR B S e B IR B AR R e R LT ] VRIE LA ,2009,31(11) ;1049 ~1052.
Wang Ruoping, Li Chengbin, Wang Guolin, et al. Development of 3-D road model generation system for vehicle simulation
[J]. Automotive Engineering,2009,31(11);: 1049 ~1 052. (in Chinese)

REAAREIIR [ M]. Jb 50 MU Tk 1 kR 4 ,2009.

Wi ML, AR A R Gl Jy s [ ML JE s ML T ) ik ,2005.

Cole D J. Truck suspension design to minimize road damage[J]. Proc. IMech. E., Part D: Journal of Automobile

Engineering, 1996, 210(2): 95 ~107.



