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Abstract: To address the issue of large roll angle rates in the steady-state circular testing of a light
commercial vehicle, its suspension system is optimized and improved. The multi-body dynamics model of the
vehicle is established using ADAMS/car. The accuracy of the suspension simulation model is verified by the
anti-phase parallel wheel travel test for the front suspension and theoretical calculations for the rear
suspension. Through simulation analysis of the vehicle’s steady-state circular test and on-center steering
test, it is concluded that the roll angle rate is higher than desired. To achieve the automated process of

stability optimization analysis, a co-simulation method based on modeFRONTIER is proposed. Taking the
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suspension design parameters as optimization variables, and targeting the roll angle rate and yaw rate time

delay as the optimization objectives, a hybrid agent model was fitted using the Latin hypercube experiment

design method. This model was combined with the multi-objective particle swarm optimization algorithm

(MOPSO) to carry out the multi-objective optimization of the suspension system, and the optimization

scheme of the suspension system is obtained. The optimization results show that, while maintaining ride

comfort, the roll angle rate is reduced by 13.93% and the yaw rate time delay is reduced by 2.75%, resulting in

improved vehicle control and stability.

Keywords: controlling and stability; agent model; joint simulation; multi-objective particle swarm

optimization algorithm; ADAMS/car

B K 10007 LB R 5 AN [ A B30k 04 1
&, RAEBRPFE R 2 B 2R
P, MXMRFEEDTTI I, —IrHA2E
5T ADAMS 55 {7 LA g 7 B R iR 7 2 IR
I TN EIE S SOk =hret d 31 A LB R AR Y K e
UG R e 2R 1 A By THIY
5 B ARRIZEANG 2 AR, Jf@ i NSGA-IIZ
HbrfiAb A ecsE TR E MBI R e L, Tikas
W23 SR Simulink A5 AURE 7 219 42 LR AL
Xif g 1] LR s R AR AR 1) B s R
IR B ) BN E Ve P PR AT TR LG 43 HT
SHI Qin 45 ' $& 1 T —Fh XU £ B Ark FBEL 4L
Bk, it ADAMS (AR M, ML TAgHE
B, ZEIL AR B I A 0 BN E PR S PR AL
F%. LIBo%s ' #E e 2R, LT DRl
Ve A 37 e ] TR | SR FH 43 2 s A R T R 4
B TR IRE LR8P, S — i, A%
R A AR RIR R A Matlab 5 CarSim %5 4K
PEEATICA BUEf F 70 I SCAE S S BA5
¥, R IR s M AR A A A TR
FasE M, EI-ZOMOR % ' 4 ADAMS 5 Matlab %
e i E B AMI A R G AT EL, 3T T ARG AR
T XP VR AMBI AR 52, (P T LA A 5 T AR 2]
wARAME S, DR S E R B e . B
ZE 10 51 4 Matlab/Simulink 5 8 7 4266 — [ iy A
R, P T3 T AL G 1A 5 25 AR (1) PID 4% il
e, IR TN TR, T T B AR IR RS
SE YR N A . ZHANG Feng 4 ' il
PTEA DT L, FWI TR 0 B R T R I 1 o)

RIS RE B E RN R GRS, R mix AR
FUEME. BRI AR, BrE TR E
JUT 2545 5 5 T R RetE S E O et USRI
PRAEAY ()38 P G ELBA 1. S5 W 5 4
R — LA ST, (BRIAE LR TR, B
ET B RE A TR R SR LT 454

AR ST R R Y P AR A [ e B 2 o fot 2
R K AR [, 56F modeFRONTIER #7415
VPG, TR RS EOEX R 517,
i I PR E AR O e AR, 255 2 H
bk HEOC LA (Multi-Objective Particle Swarm
Optimization Algorithm, MOPSO), LL% SR |
AU A S0 e 7 i B 1) Sy s o) o A A TR AR
EMEAL . R, ZRATRT A S I Rt ]
WHGE, A HALER YT E Ve 5 L A 2
Tho AHSCHIFFE AT LI 4 2 A g 4 i 4R A Ee e v
PRt — e A

B\ =& st hymase S

1.1 HEEREE

ASCV SRRV 40l &, RS K
T E TR, A A SR R AT R AR, R
FKHE AT, HASHWE]L,

FIFH ADAMS/car 73 ) #5 @ 5% ] . WIS R4
RIGMZE BT RGN, i S48 b B HLFF 5t
FERUG B S ) FEOR AR R A TR, i
2R I I Adrspring FRUEREE 5 23 SRR R il 28
PEATRE AR A EAR 12 e O ST R A R AR ML 214K
BN )RR



E28 g & ETSEMUFRAUEINERIBAERIREEMUFAR 257

Rl BEEERSY

ZH B/ AR
R L T kg 4020
¥ /mm 3300
A4 H/mm 1740
J& e BE/mm 1704
T 7T 15 B /mm 900
RIS 195/75R16LT

1.2 BZRAERREIE
1.2.1 W &ARKIERIE

R ALY 4 K&C FEPE S, aniEl 1R .
S 1) P-4 4 6 T 50 T Ak 4 A5 R o 4 B N1 £ A
TR ge, aniE 2 frs, A WIS R AR 2 A
ARTARER . B AL A WX L R i 4]
165 1 W BE SR B (8 M 1 478 Nm/(°), {7 FL{H M 1 580
Nm/(°), %28 6.9%. FILLE H, il B 4200 {5 £
W (13 45 R 5 0 L2 SR — B3

Bl K&CHiXIE

80007 —— R
—— ADAMST EL 45

6000

4000

2000

PSS %HNMEJJ%E/Nm

=2000

=4000

=6 000

_8 000 T T T T T T T T T 1
-5 -4 -3 -2 -1 0 1 2 3 4 5
e L V)

B2 BEMEAESESNERAXFREL

122 JjE&ERRXBEIE

AR Z B 1) 354 A U RS (1813)
B S TR AN ) F R R BRI, ARJEFES 1A
FHPEBOFIC . e R RE T, Za3K

7 SRR S G A6 L B3 S (1) ~
(2) Frs.
= CpiCrp _ 9(1-!—6)2 '
Cy Cy + Gy, K(1+9)+03C310 (1)
¢, = TOlLh t KLL) K(+o)+0 )
b 3.6 % 10° Ko(1+0)

Kb ONFTATEE, O=ab=1.711; a N 5[ %[l b
MUBL 5 G 8 B Z AN KRS b RS S
FH B2 5RO B Z AR KR
WIEELE, K=Cl,/Cy, A= RN Cy, 5 7 0 3 B1
SAEWIRE Cy WY HEAR s Ly, 5 Loy 23500 0 5 1) 3 75
Lo S 2 . APPSR ME R OE, B

mm,

EaEA8RREL (1) ~ (2) iHEH
Cy=

2 (1) e W
27309 Nm/ (°) .

S I EAT R Bk T T Ji 2 AN g 6 B 4 S
WAL 2, R4 PR, o] LIS B S S 480
65 £ W55 B4 A 2 886.856 Nmy/ (°), 5 BB {E 15
22 5.71%, Vi 5B A AR LA R

W= 9 N/'mm, FLSHNIE C,.=

2 EES TRVt

ST LA LA 5 2 ks R, 45 B [ A GBY
T&m—mm<ﬁ$@%ﬁ~@ﬁ%ﬁ%wng
X B Il T B R T e 6 30 R 1 T



258 BREIEFR

145

20000

10 000

JE BGRMAT I1H/Nm

-10 000

-20 000 T T T
-5 0 5

B gis 1 ()
B4 MRS E SRR X R %
DI, IEHHE QC/T 480—1999 (VXA HRo KA E TETS
PRRAAE 5P ) ™ PP R AT
2.1 BEEEIR
AR SR s AR, 00 1) Jon 3R 4 R A T
0.5m/s’, HEFIKXG6.S5 m/s* & RfE., HAKE

BREEREA LM (Under Steer Rate, USR)
FOfMEEE (Roll Angle Rate, RAR) PR SZEL .

9.0 15 20 25 3.0 35 40 45 50 55 6.0 65 7.0
T R J(mis?)

Ca) 01 ok 2 I T e 0 v 70 2 M A8 A b 25

-3.5

40 05 10 15 20 25 30 35 40 45 50 55 60
] I (/%)

(b) 72 By 16T i 00650 2 2 A iy 25
s REOBEIAGESR

T Sa A o] 3 B AR RS 0 s 7 2 119 O
Fhge, FTLASR IR A0 1] fn s B R 2 m/s” A 473
R RIS B m B, 4k a] LR AR H3E 40
87.98, AR N ERA @A LI M,

ML 5b Ha] D BT 3 4 B 0 i 5 K ,=0.912
(°) -s*/m, TF5AF B 4 B MRS 59 340 B 2 N,=
83.04. 7 By il BE A 3K B T 0K, 45 B {2
PEOP A IR, 2R AR AR RS M5 00T 1Y
BRPFETEA RriE— D
22 HEmEHEMLEREE TR

ek AR R AR L, Ty AR
5 s—MJEIHBEATIE XA 2/ 44 A, AR AE
i DR T A AN Ty i o B A 5 2 mys”, &) 6 S 5 1] 4
e SRR A 2 R e R i, TR G
RS A 2S (Yaw Rate Gain, YRG) 502 s
Kty AAAERTHEAZ BTG RIN .

10 PRI () :0.206 871/s
B AR 2 () :0.208 381/s
5
= 0
=
&
a
& 5

9% a0 20 30 40

10, 0 10
RS ()
(a)  J7 I ik Ay 5 B A ol O 28 ol 2

40
30
20

10

— ST
30 —

BHRAIEIL/(C)s] &JTEEH: AR/ (0)

8 9 10 11 13 14 15 16

12
i Ji)/s
(o) J7 A i #y 5 A £ T RE [ W [) JT R o 4

Eo HEmEAFEMNEHFEER



28

g & ETSEMUFRAUEINERIBAERIREEMUFAR 259

P 6b Sz Bk fr) J2: 7 1) 555 £ 55 R 438 4 3 ) g
IO REMEE, n] AR 2R 32 3 AR X 7 18] 215 £
A BATIER , (B EAARL, AA7EIER G

SR e B 0T 58 05
(3) PR
K, =lim =[xy, )

Ky WIERE T x M m R v B
B THRFG X K A REL

T AR AR DG PE REOC THEIR AT pR AL, Y
K WU P 36 £ o g SEE SR BRF 8],y e DL S o R
TR 36 S e 226 Y9 S 4 R W IO i S TR (Yaw
Rate Time Delay, YRTD) 0.182s. i i% % MR
P42 e R, ARHCA o RS AP 1E— Ak
23 Il

B\ EFFaEEns Bt

K 2 B BRI AL 3K modeFRONTIER 4 £ X
GUEYA (H7), #TEERGEMmAT,
o AR E M AT AR RS B2
3.1 (hEREERE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

nnnnnnnnnn

aaaaaaa

aaaaaaaaaaaa

xxxxxx

B7 BKEHETAE

OrHT e PR FARRE R BB B S B
LA IRS I, WIS B ATE H W
F 20 D5 E T B0 90 o AR 2 o] e T 00 5 5 1 8% v 1]
PEEEE T, DU AL . 58
DUALYERE AR AR ML | A8 FR T R £ . R
Sy T JRE WSS i P T M IS o 88 245 AR EL
WEHLRL T Sz 7 Bk A R A s B A TR AP Y
RSP AT, I, SRTBENLIL T A2 T7

BETHREMEY-5, T8 S8R e FVEAE R T 100 MEA /R A
F2 RITSHEUESEE

RS R {E R LR

23 SR ) BE AR RS 1 0.5 1.5

23 s SR NI BE S, /(N/mm ) 51.2 25.6 76.8
A PRI S,/(N/mm) 81.19 40.595 121.785
TS SN EE S,/ (N/mm) 113.1 56.55 169.65

23 PR AR AL AR RE 25 Ly, /mm 0 -15 270

A IBRE dr P e A I R EL S, 1 0.7 13

R B BB JE G R RS, 1 0.5 1.5

A 1) 2E AT E AR Dy /mm 20 16 30

J& B a1 B2 E A ELAR Dy ,/mm 24 16 30

1) 3 (1 75 B H, ,/mm 20 15 25

S5 G L I B A TR Sy 1 0.7 1.4

IEERUE ST i S - 1 0.7 13
AR SR AT S A NI EE C/(N/mm) 95 000 70 000 120 000




260 BREIEFR

F14%

B i 4 SRR B SC R TR (1818),
e, AL EMARIEASG, EEARMEIE, MR
Bodfs X E 2 D K] 0.3 AL M B 2 ) A7 1R A
Kt

RAR USR YRG TRTD RMS -
Sc 0031 0058 0023 -0.075
Ly, 0030 0085 0100 0045 -0.007
— 0
Sg; 0180 0010 0.046 | -0.241 0.142
Dry WRUEN 0.222 0.111 0015
H, -0147 0116 0098 0.57 0.47
—1

Sps. 0004 0107 -0.102 -0.006 -0.096

-0.115 0.154 0.181 0.205 0.020

Sg; -0.070 0.059 [HeElEE 0.068 | -0.213

Dga -0.051 -0.097 0.045 -0.046 0.055

C; -0.779 vl 0.827 | 0.939

B8 EitsBShUTEELERNE

AL 101 S80S 5 A B AR Z [l
FHOCPE « A ) B2 A A A58 X 0 B 22 £ G
P, FRUTHIRE AR FE 0 AR RS, MR )N
Ji R SRR AR A 10 L RS 428 3 3 £ 2 () Sy 7 A
XK, VUGB IRATFHJC B, B8 A o Y 25
/N AR AT S 1 D B X My L AR A R
J3E 48 25 5 R AR A S ) L VY S N TR A 8 D)
HAH S PE R E0 9 8-0.819, 0.83. 0.958, ijiHAMS
B SR SR B MRS, AT L A M i
v B ) RO 425 ) S8 25 5 8 42 ) 380 0 7 i i B
] 5 SIACIEEE ) AR (RMS) 525 <N
L AT SRR Z 4 R IE ARG A T
SHOSEAL B AR EISZ AR
32 RIERER

AR BEARE AR S O B A b ST 0 A AR i
BN A B2 RO R . R3EBR T

TR L T 0T B9MIfmi M (RAR) . 5% 1) v |] iz

B THUT BRI S (YRG) FIREE A

P W S SR R (YRTD), RS BE ML ACSE I

BT BRI B Y IR E (RMS) 435l 15

AR (AR AR AT BAR . JE B LR LS |

BEZEHIAT SR RE ) AR Al 1 1) 7 F AR BEAS AL
F3 FRKBRBERIT L

Rk [N A i R?
RAR 0.966
YRG 0.950
(RS Ploynominal SVD
YRTD 0.903
RMS 0.875
RAR 1
YRG 0.896
Kriging
YRTD 0.885
RMS 0.897
RAR 1
YRG 0.985
Anisotropic Kriging
YRTD 0.960
‘ RMS 0.922
Seitak
RAR 1
YRG 0.882
DACE Kriging
YRTD 0.819
RMS 0.855
RAR 0.957
YRG 0.913
Gaussian Processes
YRTD 0.825
RMS 0.945
RAR 1
YRG 0.891
Neural Networks
YRTD 0.950
. RMS 0.990
(e RS
RAR 1
YRG 0.973
Radial Basis Functions
YRTD 0.967
RMS 0.923

AR RS Z 0 R BT R K4k 4 A i g R A
RN, fTRE W, fem B fefR i b i



E28 g & ETSEMUFRAUEINERIBAERIREEMUFAR 261

BETHAR £ 55 A 158 o 88 i) 7 Vi i B R 22 ) A 6 &R
1117 45 1) Sk o L A RS 4 M . AR Aok
JEE 3 25 5 5 A ik 2 T (7 o SO T R, PR
25 R Sk T A s B ¥ AR 9 ) 8 T A
Eilﬁj o
33 S ERRMEEMRL

BT EMIRANREER, URESTH T ES
MR K, 7 T 28 P IR0 B 1) T RS 24 ok
JEE M) 17 i S V) 7 AR E AR, LA 1) 4 v ]
O BB 1) T BB A R R S 25 G IR AR
[, 2 B R e M 5 5P NP B AR 2P S (1 ) 8
SISO B 35 7 AR A a, VB 298, FHI Y 2
I Fil e BB QC/T 480—1999 Il GB/T 4970—2009 K
SE AR BRAELIEA TR B, U2 Ak 1] R 1) 2 A A
A DA AR A
min {Ky Tol,

0.5< 8., Sy, <15,

70000 < C,; < 120000, (4)
st 16 < D, < 30,

0.18 < G, <0.35,

a, <0315,

Z HbphL R AR e 2 B An Ak m) i [m)
BF, PREA T R FHESL (PSO) A7 BR PR 3 A
PE ST BER LN 100, 258 S0 B AL S
Fit15 815 000 A FF R RAL IR I Or R, Hdh i
T 9164 Pareto A st % (K19), Hpha Sk
Pareto L1175 -

Ak 7 223 mT e M B T4 b i ae 7y, A4S
Pareto Fij WF BB REAR 15333, HARAb AT G i3
BS54k B AR LK H A T Sl B R e T4y, L
Fd, Hop, WERa R AR ET R AR, N,
Ny Nyo Ny SR eI | 5 1) 85 A Bk i A

55 . B ) A B R GRS G 1] [E] DE G Y
ﬂ:@l A

Hi & 4 AL, DLAG S 0 AT 55 35 W B2 s/ 1
5.26%, IR AR GE AT ELARIE KT 50%, [RI
B IR B FE RN T 30%, 23K 3 1 I JEE AT
T 10%.

0.183 7

e JEParetoRijIF %

0.182 4

v ParetoR ¥ fif

1A/ s
o
=

L
=1
®
(=1

= 0.1791

T Ay e FE

o
=
IS
N

0.176

0.175 T T T T T 1
0.65 0.70 0.75 0.80 0.85 0.90 095

2 S /1) -s%/m]
B9 Parctofifte
Fz4 TS, AU BREMIRIEHBEEITES T

e AR PEALHT A
C/(N/mm) 95 000 80 000
witsH e : .
D,,/mm 20 30
S 1 0.9
RAR/[(°)-sm] 0912 0.785
etk B s N, 83.04 93.2
YRT/s 0.182 0.177
L AR N, 98.63 98.75
g i) 5 £ Ik e i AT Ny 93.49 95.31
e ) 25 A0 T IR i A N, 90.45 92.52
e 1] [ TG Ny, 94.22 95.08

AR RRAT FRWAUG, ARSI T.0
T, AL B EEREAR T 13.93%, 3 1 i 4= S ]
0 R PE AR H R T 12.24%,  H7E Fp )45 B 26 1) T
T, R AR A R e N S B RIS T 2.75%
[l A, A 0T A ER AR E PRI 0 T ot i 2
Tt VLIRS 2% 8 RSB PEA — e Tt .

KRG B ATt i AR, ARl b v i
E B AR RERLTE B 9% 1T 1 LA 40~ 120 km/h F1 4 20
km/h A 1] A T BE ML AS TR 9005 B, 201k
J 1 4 B 0 A B IEO SR B 5 AR, WL S,

H FE AT AL, Ak R A R A B 1405 R A
EEDI VAN RS i BN o i o 0



262 BREIEFR

145

®S5 RAETETEIREE SRR

S INASUIN 4 B 35 5 AR AE :
7238/ (km/h) — A E 5 /%

R A R A=

40 0.2112 0.206 7 2.14

60 0.2355 0.217 8 7.54

80 0.262 1 0.245 5 6.34

100 0.2959 0.282 4 457

120 0.3012 0.294 8 2.12

D) EEXPRRR R BN ARG, WAL
AT 38 LR B 2R B 28 U AT T S
B AL TR SRS SR, SRl R AT
PSS BT R MO R T IRZE T, Rk
TR ERR

S %3k (References)

[1] YAN Zhiming, CAI Jianjun, QU Sugqin, et al. The Analysis
of Amphibious Vehicle Handling Stability Based on
ADAMS/Car [J]. Advanced Materials Research, 2014,
1006-1007:294-297.

[2] ZANG Hongyuan, YU Zhuoping, XIONG Lu. The
Influences of the Subframe Flexibility on Handling and
Stability Simulation When Using ADAMS/Car [J]. SAE
International Journal of Passenger Cars-Mechanical Systems,
2016,9(2):861-868.

(3] @, Tk i, 5 R RS B R A i S 4

Rt fE By A8 Ak [0, B PR 22 24 4l , 2014, 37 (7)
33-45.
GAO Jin, NIU Ziru, YANG Lu, et al. Collaborative
Optimization of Twist Beam Suspension Bushing Mounting
Angle and Handling Performance | J].Journal of Chongqing
University,2014,37(7) :33-45.(in Chinese )

(4] Jrut, AW, EMERE R B 2 SO 2R 4 1Y~ It
PERERRRPEOF T [T ] )P R 24 CA AR i)
2017,42(3):816-825.

JIANG Hong, DIAO Huaiwei, WANG Pengcheng. Ride
Comfort and Handling Stability of Passenger Bus with

Lateral Interconnected Air Suspension [J]. Journal of

2) JE LTS IR AT T S ECS R
ERRIAI G, JRRIA 133 7w N A, H4E 5
IIVIERE | R A RS 2 4B S8 e 7 i O
(] SASON 3 B 34 75 AR 5 12 i ) A P
TP E 2B Ry 5) 1, 0985, 0976, 0.99, X
FRAALE A Y

3) kRS RLR H 2 B bk RO AL
Lt T2 Birtide, 154807 Pareto M4, JFM
I — A% . RS R R ERS
[ TOUT , B A B RE AR T 13.93%, fETT
(A TR S £ 2 E B 3 a9 =g ]
REAS T 2.86%, TEARZMHE P IRE i T, #2
T TR ERYREN

Guangxi University (Natural Science Edition) , 2017, 42
(3):816-825.(in Chinese)

[5] SHI Qin, PENG Chengwang, CHEN Yikai, et al. Robust
Kinematics Design of MacPherson Suspension Based on
a Double-Loop Multi-Objective Particle Swarm Optimi-
zation Algorithm [J]. Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile
Engineering,2019,233(12):3263-3278.

[6] LI Bo, GE Wenqging, LIU Dechuan, et al. Optimization
Method of Vehicle Handling Stability Based on Response
Surface Model with D-Optimal Test Design[J ].Journal of
Mechanical Science and Technology,2020,34(6) :2267—
2276.

[7] MA Xinbo, WONG P K, ZHAO lJing, et al. Cornering
Stability Control for Vehicles with Active Front Steering
System Using T-S Fuzzy Based Sliding Mode Control
Strategy [ J]. Mechanical Systems & Signal Processing,
2018,125(15) :347-364.

(8] HICW, B E I, T b A T8 20 42 A e
Mgz (1] 75 % T ,2017,39(12) : 1362-1367, 1389.
TIAN Wenpeng, YANG Yikun, WANG Wei.The Influence

of the Interconnection Forms of Hydropneumatic Suspension



E2H Xk % ETZARNFHACEZNERAHAFRIBEERUAR 263
on Vehicle Stability[ J]. Automotive Engineering,2017,39 Journal of Automobile Engineering, 2008, 222 (10) :
(12):1362-1367,1389.(in Chinese) 1813-1825.

[9] EI-ZOMOR H M, Mohamed E S.Vehicle Motion Stability [13] H [ E R AR LA P2 51 & R AR B e el oy
Enhancement Based on Active Camber Angle Control for 1% :GB/T 6323—2014[ S |. bt : = bR S it , 2014,
a Double Wishbone Suspension [J]. International Journal Standardization Administration of the People’s Republic
of Vehicle Structures & Systems,2020,12(2) :134-1309. of China. Controllability and Stability Test Procedure for
(107 Z=Hi, SRR  TEAT 2D 45 B RE VA4S IR AR LS G 2 M 45 Automobile : GB/T 6323—2014[ S].Beijing: China Standard

[12]

YhFaE PERS G HLBE 2T [T] 95 % TR 2 4R, 2021, 11
(5):346-353.
LI Wei, WU Linlin, WANG Ruochen, et al. Mechanism
Analysis of the Coupling Between Intelligent Vehicle
Path Tracking Accuracy and Steering Stability [ J].Chinese
Journal of Automotive Engineering, 2021, 11(5) : 346-
353.(in Chinese)
| ZHANG Feng, XIAO Hongchao, ZHANG Yong, et al.
Distributed Drive Electric Bus Handling Stability Control
Based on Lyapunov Theory and Sliding Mode Control[ J].
Actuators, 2022, 11(3): 1-14.
CHANG F,LU Z H.Dynamic Model of an Air Spring and
Integration Into a Vehicle Dynamics Model[J ].Proceedings

of the Institution of Mechanical Engineers, Part D:

EEEN

: 17386690224

[14]

[15]

Press,2014.(in Chinese)

B AU T Ry R A R A S E ME AR AR IR A S5 00 7
¥ :QC/T 480—1999(S | dbat : PRI ARfE H fitAt:, 1999.
State Administration of Machinery Industry. Limits and
Evaluation Methods of Automobile Handling Stability
Index : QC/T 480—1999[ S ] .Beijing : China Standard Press,
1999.(in Chinese)

Wi , B F1 . 2 T MOPSO Wit == & s WL oy 34 2 H
b ALY ] WU T A2~ 42, 2018, 54(19) : 197-203.
LIU Qiang, MAO Li.Multi-Objective Layout Optimization
for Branch Pipe of Aero-Engine Based on MOPSO [J].
Journal of Mechanical Engineering, 2018,54(19) : 197—
203.(in Chinese)

@ X4 (1995-), B, WHLEB A, Wi+, TEHRET N AGsh 1.
Tel

E-mail: liukai9684@126.com

)



