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1 (4, M m , k1, ko
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[5]

Mb*+ I ..  Mab- 1.
(a+ b)le (aa+ b)2x2+ cr— cixx+ kixi-—

kaxs+ gi(#1,x3) + ga(x1, x3) = O,
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2
Mab-1-: M I-:
(aa-[: b)2x1+ (ab++b)2x2+ > — X+ koxo—

kaxa+ g3(o, x7) + ga(x2, x4) = 0,
me3— ¢+ (el + e3)a3— kivi+ (ki+ k3)xs+ gi(@,23)+ ga(xi,x3) = Fi,
mia— co2+ (c2+ ca)@a— kova+ (hot ka)xa+ g3(2,03) + ga(x2,x4) = Fa

81,82 83, 84
| a T ko, ()
c.; ;22 M ,Z12 M
» 20
‘:!Cl \:lcz
I g1 82, &3, 84 fi(ze). f1(#n),
e ) , zp < e,
Ji(zn) = k2z 12, zZn >e,
1 0, z2< e,
fo(#m) = €221, 2 Ze.
mi(z2+ z2) + f1(z12) + f2(zn)+ kizn+ cizn =
- ko(z2+ z12— z0) — co(z22+ zZR— 23),
mez2— f1(z12) = f2(#nR) - kiziz— cizn= 0.
mi , m2
2
KB , }\2: w
[6]
d_Y_ rkoP /
0 Se(Y) Y- Z—mlAz)\zcos(e_ a),
d_e_ rk()P L /
det — Pe(Y)— “F 2mi Az)\zYksm(e_ (1),
2 Y 2 e 2 t 2 A‘z
, 8(Y) el Y)
1 1) _1 2 mi+ mo
Se(Y) = A~ Z[mzbl(al_ X) - R } (co+ ci+ c)H (0, Z)+

Lia- %)~ %[C—(H R T T )é)]}

mi mi m2 mab

Pe(Y) = Xt 5o [ L ai- %)- M}(kw kit k2)H(B, Z),

2 N M| maby mim2

(a,7) = ZJ.[(G— 1)| Zarccos A 1- 7|
H(B 7Z)= S=(B_ 1 L L

(b, 7) = ZJT( - 1)| Zarccos Z+ 1- Z2 ,
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(6)

cot+ c1 ko+ ki Y 1 2.2
a= co+ c1+ ¢ B= ko+ ki+ k> Z= e’ fo= 1+ azbl(al_ X%,
ki, oW cow|
b= —, d = arctan—5 —, P = 1+ | —| ,
m2 ko ko
ko+ k1 k1 ko
al= ———+ —, ar=- —.
mi mi mi
(2) 2k =20 (3) 2k = pe(Y)+ . 0,
rkoP/(m M)
Y= 2 22 2 2 (6)
W p Y)P= @+ 4076 Y)
20 69( Y) ’
0 = arccot + a, 7
G- pu(¥)? (7)
(7) [7]
mi1= 156.8kg, ma= 1274kg, ko= 5 670N/cm, k1= 1620 N/ cm,
kr»= 4860N/cm, co= 567 N*s/cm, c1= 62. 8 N*s/cm, c»= 25.6 N°*s/ cm.
e= 4emr= 2cm R 2
2(a) 2(b) , @ , 0L (2) (3) 1
® , < 0w g, 2 1
2 [8]- (L)> % M 1
, D , D B. ,
, C E D, C
6.5 T 2.0
6.0 | /JB_F\)> E /1:
. / L \ / e
55f N : 1.0} 2
VA4 o -]
E 5.0_ ‘_,-‘d . f o I C
s L ; : S
~a45F4 ! c S 0 L
'y ,’: I | B'/
TR =
1 2
35t TmdE ] 1.0p4 = '
30 ) @, . o | r . ‘o, . >
' 22 2.4 26 22 24 26
w / (rad /s) w /{rad/s)
(a) (b)
2
(3)7 ( }\2_ W= 8)7 Y )
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Aipd v @ adsg - 02 (8)
(8 Z= Zo Taylor ,

I272% (ALilof3+ ALofof3) 27+ (6Ll 7+ 12L 10 f 7+ 6l if7— 2057 N5
230+ 4j3gI N+ 4j3g30 + 4133 M0— §3g3N0) Z + (83g1g2 XK+
12000 2+ 120105 \f2+ 8j1j2g2 N~ 4Lf1f2X%— 4Lilof2 X%+ 8lilof220+
AL1of 2— Alilof 20" + AL if 2+ 813F1f 2 X0 16j3g1g2X0- 16j1j2g2 X 0-
AU 1f 20"+ §1j220+ 8i3g1g20%) 20+ (11 + 41X+ 4107~ 40—
201X%- 277+ 4007+ 607+ XN+ 81111 M0+ 43gT M- 2015 P0%+
I+ 413 1f 1+ Mi N0+ 411 i+ 43g10°— 8T N0+ 6lT1fT— 21T N -
ALlyf 18~ 4Lilyf 10+ 41T M0+ §1jog1 B 8igi b0+ §12g10 +
o' - 161291 X%0) 2 - ,Z—sz: 0, (9)
_(a-1)(Z8 J Zo— \ - 273 | Z5~ larcsin( 1/ Zo) + 225~ 2)

e mzs [75- 1 ’

2a-1)(Zo- 1)
T o[-
(B= (28 JZ3- 11— 223 [ 73— laresin(1/ Zo)+ 273+ 2)

/1= mzs (73— 1 ’
o 2(B-1)

g [

Ji= (2a1b1m1m2— 2b1m1m2)\§— ararbicoma— ararzbicima— ajazbicimi—
arazeimi + arbircoma B+ axbicima XN+ asbicimi X+
a2€1ml)\%)/(2a2blmlm2 n2),

j2= (- aicomi— aicimi— aijcomi+ comi B+ cim1 X+ comi1 B+ bicom +
bicoma+ bicimi+ bicima+ bicomi+ bicama)/(2bimima Ao),

li= M

ly= (arkomi+ arkimi+ arkami— bikoM— bikiN— bika X — bikomi—
bikimi— bikami— bikoma— bikima— bikama)/(2bimima Ao Xo) .

(9,
'y’ @Zt 6ot wZ- as= 0, (10)
ar = n_l} aQ = n_2’ a3 = n_3’ a4 = n_4’ as = n_S,
neo ne neo ne neo

ni= 8Ll h+ 83 fad— 162220~ 163g1g2 ),
na= 1200 if2+ 12015f\f2+ 8i3giga o+ 4l if2+ 4lilof2+ 8jy2g2 X~
4L1of 1 N AL f 2 N,
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ny=— 4N+ 8Ll 1+ 4lid— §idho+ 4157 h— 83gi - 16/ 1j221 M,
na= i+ 41%- 2016+ XN+ Ui+ 43g1 N+ 4L1of 1+ 4L 1P+ 6li0GfT-
20 N— Alilof 1 N+ 8iijag1 X,

ko B . . . .
ns = :nOAz, ne= 6113+ RLBFYI+ 613 283 B+ 4323 %.
G-L ol (8) .

: B
4 3 2 2 4
03— 1203+ ara3a4— aias = O

: H

'+ 02’0+ mZ’+ w20+ wZi- as= 0,
O=— (8Z+ 3m)/(301), — 601 2°— 8a3Z+ 30,0~ 3mpa3 = O;
: D

= BUH UD.

A s Ao
; 111
P -}=‘ \,_/—_"
I\% SA
L 1 v 1 1 It
o /1L y a,
. (0] | A ~,
“——.:% ="
111 v 1L v
3(a) a;> 0, a> 0, az> 0 3(b)ar> 0, ax< 0, az> 0
s 1l
I ;
1 1
%y
0
1 i I\
v A%
I v v

3(c)ar> 0, a= 0, az> 0 3(d)ar> 0, a> 0, ag> 0
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1
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oy a
\ v A
VI 11 | 2
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> — )j n 5 v
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X,s' f__S' 111 1L v
X VII vin C X
3(i) ap> 0, az> 0, as> 0O 3(j) az= 0, as> 0, as> O
3
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kQ 5 4 5
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Bifurcation of Piecewise-Linear Nonlinear
Vibration System of Vehicle Suspension

ZHONG Shun1’2’3, CHEN Yu shu'"?*
(1. Research Center for Nonlinear Dynamics, Tianjin University,
Tianjin 300072, P.R. China;
2.The Key Laboratory of Engines of Tianjin University,
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Abstract: The kinetic model of piecewise-linear nonlinear suspension system that consists of a domi-
nant spring and an assistant spring was established. The resonance solution s bifurcation of two-de-
gree-of freedom suspension system was investigated by means of singularity theory. The transition
sets of the system and 40 groups of bifurcation diagrams were obtained. And the complicated loca bi-
furcation was founded, which shows the bifurcation characteristic roundly. Furthermore, according to
the relation between the parameters and the topological bifurcation solutions, the motion charaderis-
tic with different parameters was obtained. The results supply theoretical bases for optimal control of

vehide suspension system parameters.

Key words: vehicle suspension system; singularity theory; piecewise linear-nonlinear system; bifue

cation



