519 B4 11 2021 4F 2 A
1672-6553/2021/19(1)/055-08

oo ¥ s ®EHFR

JOURNAL OF DYNAMICS AND CONTROL

Vol.19 No.1
Feb. 2021

WA IFLKIEI TR IF MR -

wh

Ky

(LR R K2F KR TR B, 16 BH 471023) (2. R HUTAS i R K 2F iR 24Be , e &t 210016)

FEE R WA RURES 8% 1004 S TRl 5 S % A e M Sl 7, Xof 483 75 52 2% sl 28 e o ML B AN H2 71 5 )
SAYERERA R A EIE S TR E . & 58, AR SO Z S AR AR, 8 57 500 3 [ - B ASE 5L T
AR R RE A0 R G ) AR R RS 1 H O R 5 RS AR IE sh i i e, 2 b Al AR s R e R
ARLAE RIS g HRE ML KA AR E M U BN [ iR R ST, S R AL R e R L BE 24
A A LA , SR PP B VR 3 M AR PR T AL R S A BB LR P L i, B x i s R ¢, A Ry
VEAS B 2R GE R BELJE 386 T I8 Bl %o W A 7 Y 2 1% 5 i AR L 95 SRR, i A A A Y B A A2 Je R et
B 1R AT B R G AR B RO A R RSB SR e 2 %

KR WAL, 1Ry, AR D1, IRIELE,

DOI: 10.6052/1672-6553-2020-048

51

T

B V4 Bk LA Sl F R R S is AT
KRR, BT W AR LR 3h i Ak
S HLER R) A5 | R P A2 2 1 )2 T AR A
(I8 AT Bk AR, T TR P 2 5 R AR
Pzl , n [ 9% 2l | AT AR 4R 30 S 2 R AR AR B
5 K BER Bl SRR AR 2 W i VR R T SR AR T 5
PE B0 42 A B AR sl T . 2 4R
95 e AT, AR AR B AR S A R B S A v
RE AR A 22 . R i PR S [m] 1, —Fo Jy vk J2 3 5 48
T B8 TET )P E AT 920 6 TR Bl o A 5 g —
TR G S 4 B Z ) A TR e B R &
G, S PURT % TR VDl 1% B, AT ST R ek 7R R
M HC o 2 PR A SRS AU B 5 5 I TR AR
AT R T34, LR T 2 90 TR 0 J ) 2 R R A
Zz—.

AL ME B R G 1) 52 AR L MR S e
BENFZSE W2 R0 AR T B AR
28 M I A1 Bingham FHJE (58 5 B2 R 481
W ILIR AN AT Ak MRS AT T ARBE L A
JEENT 5 AR B2 4250 22 8 iR A 17 i A
G328 AFARLNME Bl g 2E R M L R R RUS K il

2019-09-02 Y EI5 15 ,2020-02-21 W E i o fi .
« [ H AR R R BT H (51705241)
+ 1 IFA/EE E-mail yanweihan@haust.edu.cn

M S

VER T 1 = AR PERIEE S5 P JE 5 A il BB &R
GE RIS Bl SRS B s i vk RIS T
FORBHJE AR LR 9 1 PR B AR LRk 2R G TR T R 1
HXFRE MERY R . T 4k H AMEsim 5 5.7
PG T AR AR R R R G
P ARSI IR AR AR B T BELI 1
TR IR AR LM o B i R R R S TR T R 3h
TR Sh G A %A

i bk AR 2 E e A B E R
S T ) R shARR I 10 ) 5 R 7 1) A A
LRMERR A IR BB D B B A S R B R LR b
5557 7 LR AR Lk H X TR R G R T (L ST, ok
SBR ARE L 4 2 G BORG f  A  IR I, AR S
Tz shAE L AENLE] , 7 KIS IR 30 2 0F T 26 1 Ao
A ARSI I L B ) AR, 3 iR P
BRI 2 AR 2 P 2 40 2R 4 1) AR 4% sl i

1 Hh=EER

1.1 ZhhFEER

WA 1R AT 34 R G U AEAS T B
TP A B4R h 1 2R R . e T R v S 40%
FEANTT « B3R B BT 1 0 m, AT BT AL O ORI %
BN 1, F 5 A SRS S W BE 53 3R ke R,



56 3 1 2%

2
2

5 & il iz

e B HJE S A BELJE R B3R ¢ Ml ey, 44T
B R v, RO A AR NG ARBR 23 A« Fl
N 0, 50 O BIHT 5 ey B B 40 Sk 1A,
U Ry I=1,+1, , BT A 1, B TR

AR UG S 0 2 10 RS 4 B Ry Ay, AR

ki

h(J:

BERE T IEAR N «
2773) ) (27T(s—l)
— |, ¥, = hysin|———=

2021 4E55 19 %
Ly Ly

) (1)
A,s = v AT RERE R
RGN WA S BUEIEE ", a4
R PUR PR R B IRNE B AR
JE i TR v 8 R A S LR RS A
B 2R G 0 S RE | FARE L B M) RE B eR B0
JA -

¥y, = hysin

| 1 .
E, = Emy2 + 51C6'2 (2a)
1
E, = Ekl(y ~Lsind - y,) +
(2b)
1 , .
Ekz (y + 1, sinf — yz) + mgy
1 (d 6 ’
v = cl(y - llsinﬁ) +
2 dt de
) (2¢)
L2 )
2N T
Q,=kyy, +kyy, + mgy (2d)
Qz = _k1l13’1 + kzlzyz (26)

Hrb g = dy/de, 6 = d6/de 53590 g 2500 5O 4 2 1)
VL S A SR 5 Q, F1 Q, ) 43 Bk 3 16 ) X

P W PR A Y
Fig.1  The model of two degree-of-freedom vehicle Z'ﬁ'?: [ﬂ E]’(JJAA S(jj %E X
®1 RERGFHSHIIE
Table 1  Parameters of vehicle system
Symbols Value Units Physical parameters
m 1000 —2000 kg Total mass of car body
I, 1000 —2000 kg-m? Rotational inertia
k, 20 —40 kN/m Stiffness coefficient of front suspension
k, 20 —40 kN/m Stiffness coefficient of back suspension
e 1000 —2000 N-s/m Damping coefficient of front suspension
¢, 1000 —2000 N-s/m Damping coefficient of back suspension
L 1—1.5 m Displacement between front wheel and the center of mass
l, 1—1.5 m Displacement between back wheel and the center of mass
L 4—100 m Wavelength of the road
hy 0—0.2 m Amplitude of the road
v 0—33 m/s Velocity of car
5] A Lagrange PR : iﬂ—ﬂ+£—0
M=K, -E, (3) de oy oy oy T @
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RESEARCH ON NONLINEAR DRIVING DYNAMICS OF
A VEHICLE SYSTEM *

Han Yanwei'" Zhang Zijian®
(1.Schoo of Civil Engineering , Henan University of Science and Technology, Luoyang 471023, China)
(2.College of Astronautics, Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China)

Abstract The nonlinear vibration of a moving vehicle system excited by the incentives of the road roughness was inves-
tigated to reveal the mechanism of complicated dynamic behaviors and to improve the dynamic performance. First of all,
considering the up and down translational motion and the pitch rotation around the center of mass, a two degrees-of-free-
dom nonlinear dynamic model of the vehicle system was established, and then the nonlinear equations of motion were de-
rived by Lagrange’ s Equation. The nonlinear restoring force, the characteristics of potential energy and the stability of
equilibrium point were analyzed. Secondly, for the free vibration, the effects of parameters on the amplitude ratio of the
linearized system were discussed, and the amplitude-frequency characteristics of the nonlinear system were revealed by
using the harmonic balance method. Finally, for the forced vibration, the complicated nonlinear responses were obtained
by numerical simulations, and the effeots of the damping and road roughness on the amplitude-velocity responses were
studied. The results show that this nonlinear vehicle dynamic model can effectively explore the complicated dynamic be-

haviors, which provides a theoretical guideline for the design of a vehicle system.
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