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Study on multi-objective optimization of vehicle suspension

NING Xiao-bin, JIANG Jian, XIE Wei-dong
(The MOE key Laboratory of Vehicle Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: In order to solve the coupling problem of the ride and the stability, according to relevant data of W1 car’s model for the Wanxiang
company provides, modeling the Haima W1 car was done by using multi-body dynamics simulation software Adams/car , and then the vehicle
model car was used for the ride and the stability simulation, the Haima W1 car was evaluated according to ISO evaluation standard, and the
car’s initial performance level of ride and stability was gotten. The multi-objective optimization software iSight-FD and multi-body dynamics
simulation software Adams/car were used to joint optimization, the evaluation standard of the ride and the stability of the car was optimized by
using the island of genetic algorithms, The optimization results shows that the ride and the stability are improved of the car. Multi-objective
optimization of evaluation the performance of the car is balanced and optimizated, then effectively solved the contradictions problem between
the ride and the stability of the car.

Key words: multi-objective optimization; island of genetic algorithms; joint optimization; Adams/car; iSight-FD

TR AN ERARE o 1A SO A A T T O A

0 5 = FAPE A2 ERRSE 20017 65 4 A e |- Ay —
Y = A > S, V= b7 — ™ (=] /I\ﬁ&‘ﬁﬁﬁéo
B2 142 Tl B 5 2 AT Bk T o e -
Tl G EHE AR AARE R O 2 BT T, ABAEREAETIVERRNE IR

AT I Bk R e e Rk OIS

B SHO 4 SR I R, BRI | Ny R4 4k 3 g b T .
¢ R Y B 3 ST

T R S 1 BT B T L TP T M2 A

FABFFE) (R R AR e ST BT A SRR T ) A A B (1 0 W1 2 T [ 4 A S KR 7

PG ST TR I AL 2 S8R Adams/car SHZZE (H5 5 b b L0 5 00T 7 AT

RO BT USRI R T BRI A A T B RS B RS R AN T T

WS HHEA:2010 -07 -26
EETB WA BT E AR L 30 Tl % B0 H (2008C01002)
TEER AN TR (1965 - ), 5B INFOIF N 1, B2z, 5N FH 45030 7124405 B 5 T AYHF5T. E-mail: nxb@ zjut. edu. cn


http://www.a-pdf.com/?product-split-demo

552 1 oK , 55 « HE TR 4 BRI 2 HARIE AL 7 i i - 167 -

ARG B i (A& 1 R o
x 1R,

A R SRN

BT AR

®1 BEIESY

EESH Ml
W H i kg 1579
Hifar/ kg 799
Je e/ ke 780
A% BE/mm 1 470
J& ¥ FE/mm 1 470
Bh#E/mm 2610
FE SRR E/ (N - mm ™) 24.7
Jr R SRR/ (N - mm ™) 16.56
L ERiees 205/50 R16

2 VRGP RO AR A A PR O 1k

2.1 EBFEFIERMEGNFE

MR 1902631-1:1997 (E) " (9 4247 B I 44 it
BU AT IR0 7 ) P A BESR . AR B0 R 4L RE
DUBLRLEA TSI R L A28 . 2588 W1 ZERIE 3
HCR (60 km/h) 25 B 53 AR ALk 9 B NS S 8 249 75 A
. SIASOIEE BE 1 05 AR @, BRI EE N T

A3 SR A- 1) A A 249 5 RRAE @, (0

w = [[ wpnemy] (1

Kb G, () — R FERT R DI @, BT 2 B pRAL,
W (f) —4% 77 ] (R Sl A3 A AR pR B
W(f) BB EFEAnT
AT 1) B4R B A5 I pR A
WU):{LO 0.5 <f<2
2 0.5<f<2
S e LTSI TSI
0.5  0.5<f<2
/A 2<f<4
VD=0 sp<ins
12.5/f 12.5 <f<80

SOMAIR B BE Y AR «

=[(1.4a,)> +(1.4a,)> + (1.4a,)* 17 (2)
2.2 RERBEENFEMNFE

FRAE GB/T6323. 1-1994 (35 - # A A 1 X 4
TER T ) P A BB , 43 I W 4 B0 AT A 25 [l
B R R Ll Bkeh A 1) [m1E e TR R A T
FVF . BT W1 ZE B 5 1) Bl ) 34, Br DA% 52 3%
[ B IS TCSE PR X, R REEFR QC/T 480-1999 1)
VENARIE ST B LA S8 PRI 43, anga s ml 4%
e B R PR ) S A e N B e, AN R SRR U
BRSBTS K, , % ) i BR i v 0 A 422 £ 38 32 o 3 Fof
[B] T, %% 1a] ik i i 1 R 90K B IR 16 /K7 D AR
it J& M a, B 1) 1] TE R0 mh (4 5 BA AR 45 A R R 4 o)
{8 Ar FIRE £ 411 36 B R 5 22 Er, g AR I8 P ) - 4 6
PR B AR r RN X8 2 ) S ARG 6 5% B
I MICTF 60 20 R A% . B vl iy
XN P S Ean 3R 2 R o

F2 BREEIRTINSH

EeiatEiee il

BEEH a/mes” U/(C) - (m-s)" k,/(°) c(m-s*)""
% ] [ B T/s

e ] ik e f/Hz D/dB a/(°)

e 1] 1 Ar/(°/s) E,

{5 Amed r/(°/s)  0/(°)

3 REERNZ Absiiil

3.1 BRIRHENFEHE

MR b7 v A R RAE VR AT B I FI R AES:

%@%ﬁm%ﬁm%mﬁ%&ﬁ%AEMWgﬁ%,

ORI B TSR 2 88 247 R AEL AT B2 M

i%ﬁﬁ%%@ﬁ%ﬁ“%?ﬁﬁ%ﬁ%%ﬁ%@
o FARREU AR N 3 Fs .
&3 M BERREAREN

VEO b Wi REAT ZIaelt
K [n] LTL\//

*ﬁigézgfgjﬁf oAl I =60
5] I TTS

%qgiﬁgjﬁ Bl 1 =60




- 168 - HL H, T i %28 %

H: N, TR E R AR BT S A iSight-FD & AN ST
N(m, + NU + N(p . adams/ car Z@%ﬁﬂlfﬁ?ﬁ% E‘Jﬁ*ﬁ , El qj E/‘J Datal | Cal-

wthz = .
3 ’ culator Data2 . Simcode . Matlab 1 DOE Jjoff 5 & 2
yieyue =Ny B ATEAFRIRE B
N,+N, +N, asr | BT -
maichong = %; éi DOE Egga
SN -
e HbRfE
Ny +Ng MR ek 1
zxhz = 5 Datal Matlab
shexmg = f; Calculator
HiH R i o i 6ANSE
:T:tqj:Nan’NU’NtD9NT’Nf7N[)9NG’NA,-,NE,N,,N9_%'/I\ %’ ii;& ﬂ\,AD/}%A;J’f‘&iF_»B?EIEEE
R ST ) — Iz
o A S el G
BRRAPE I I BRI s imee
B

3.2 BEHTENRFESTRETERE
T, BEHUAT B XS YR 4T 0 1 RN R AR P A
RSB BETAE R, 3k 4 R
x4 FHTERETHEE
75 5 24 SO N LS
lca_front B B8 F RIS (x,y,2)
lca_rear Fii A28 NG 5 (x,y,2)
lca_outer FiE4L T EE MG (x,y,2)
tierod_inner FijAELZLFE [ BERIAT Y 5 (%, y,2)
tierod_outer T Z4L4% MR HIATA AL (x,y,2)
top_mount F BAUEIRAT 5 (x,y,2)
strut_lwr FIEZIEIRE T 5 (x,y,2)
fr_inner J5 B ZERTIEFT N A (x,y,2)
fr_outer [SRHEFTEFTIP AL (x,y,2)
rr_inner JERAE AT A A (x,y,2)
r_outer J5 B FHEFFN A (2,y,2)
strut_lower J5 BRSO IR TS (x,y,2)
strut_upper 52 4UB IR L& (x,y,2)
tl_aft J5BAHEHE G 5 (x,y,2)
tl_forward 5 B2 1T 5 (2, y,2)

-5 mm ~5 mm

-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm
-5 mm ~5 mm

-5 mm ~5 mm

bar_front i kLA m] £3 7 FT W -30% ~30%
bar_rear J&5 22348 ) £ FF W -30% ~30%
a_front_damper T B SR8 45 FELIE LL 4] A 5 0.8~1.4
b_front_spring Fif £k LU NI B L K T 0.8~1.4
c_rear_damper [5 R AL8 I 35 BHLUE L B 7 0.8~1.4
d_rear_spring J5 Ak 45 R W B EU A5 R 7 0.8~1.4

A Z HAs LA iSight-FD 5 24830 1) %405
HE A Adams/ car JEAT R A, BE R 3 A 6 SPRANY
FIAR HAR ek KL, 35 4 i) 2 2 801 o Bt s i
1 iSight-FD thift 47 DOE 35 Bt , XJ 9 2 i 5 it
R T R AT RGBT AR R AN 2 R

‘[ﬂ—’\ﬁl—’@—'@—" J

K2 RXsis s

iSight-FD 5 adams/car B&- 07 B AR E WA 3 Bt

F3 R R R
el 4 ~ &9 B, SR FH G 11 UA 5 32 0 ) G 15

PSR T84 BARMERY 1B 3G AT

Pareto Plot for Response mai... E X

b_front_spring
Ica_outer_x
tierod_outer_x
ti_aft_y
ti_forward_y
1m_outer_z

rr_inner_x
tierod_inner_z
Ica_front_z
strut_lower_y

0 1 i 3 4 5 6 7
% effect on maichong

K4 itz i xl bk Bk
U AR I 520

EEY

strut_lwr_z
d_rear_spring
strut_lwr_y
c_rear_damper
tierod_inner_y
fr_outer_x
rr_outer_z
Ica_rear_z
front_bar
tierod_outer_y*2

0 1 2 3 4 5
% effect on zthz

KIS itz i xl i o) [l 1E
B HARE R R

Pareto Plot for Response wthz 5;, X

tierod_inner_y

Ica_front_z

tierod_outer_x

r_inner_x

fr_inner_z

a_front_damper

r_inner_z

fr_outer_y

r_inner_y

fr_inner_y

0 1 ) 3 4 5 6 7 8
% effect on wthz

6 IR E TR N
I8 HAR(E AT

Pareto Plot for Response jieyue E;, X

Ica_outer_x
h_front_spring
ti_aft_y
ti_forward_y
tierod_outer_x
rr_outer_x
m_outer_z
Ica_front_z
rr_inner_x
tierod_inner_z

% effect on jieyue

Pareto Plot for Response sh... & X|

tierod_outer_y

tierod_inner_x

fr_outer_x

strut_lwr_y

fr_inner_x

strut_upper_y

Ica_outer_y

strut_upper_z

strut_lwr_x

Ica_rear_z

0 1 2 3 4 5 B 7
% effect on shexing

K7 it g il
5 HARME AR

Pareto Plot for Response acc... E X

1r_outer_x
tierod_inner_x
a_front_damper
tierod_outer_y
front_bar

1r_outer_z
c_rear_damper
Ica_front_z
Ica_outer_y
h_front_spring

% effect on acc_sum

K8 BT AL H X [ R
1 FRRE R

B9 Bt B A
R 5]



552 1 T, 55 B TR B IR 2 BAREAL T iR I - 169 -

MR LI bR pRECE XS LT LA 0 R Optimum design point:
Run # =5
=y o
R i He iy, B . Objective = .330.561352777429
b_front_spring  Hii AL SR NI AL IR T Penalty =00
o _ ObjectiveAndPenalty = -339.561352777429
lca_outer_x AL T 1 A A5 x B AR e 7
strut_lwr_z ATE LR oS T 2 2 S ARR b_front_spring = 1.010932024291468
) . d_rear_spring =1.212802988014371
B | B i .
d_rear_spring JE R AR LE I IA lca_front_z =392.3706650006051
tierod_inner_y B ZREE RSP AT NSy AR lca_outer_x =954.2022402568144
VS R b AR 1r_outer_x = 3623.6825710559806
lca_front_z AR T RIS 2 AR i it 2 — 565 177509959812
tierod_outer_y AR 2L M AP AT AP Sy AR tierod_inner x = 1122.7662290751869
tierod_inner_x ﬁﬁ%a@% [ﬂ&ﬁ?ﬁﬂ: Ij;],'.J—i x ‘I‘J_:—'\ ﬂé*ﬂ? ; tferod_inner_y =-332.17636737900233
B tierod_outer_y =-678.6464306420941
rr_outer_x JE BB AT N AL & s AR

LI L B R Wk B B B 12 fefesh

RSO AR, BRI AE S [ R 3% 4 AR
3.3 BEMZERML

ABIETE R ] 22 B A B 0 B e U RO A
PEATIEAL AT AN TE] 10 Frs , EREFpREECN S,
B8O 5 BALAECN 5, S XAR 7 0.9,

¢E. Line for b_front_spring vs. Object... @@@

IFX
’L/
Ohjective Function

10 ettt

iSight-FD 5 adams/ car BX-& 1 16475 B 1) K08 I # 08 08 1 14 12 13
FINE 11 iR %R R 5 R 3 S2 e e A il

—H, BT S S E T B DOTE T AR X
FEEA SRS TS O AT IR BF , T BT 2 12 R
—E BT AU X R AT 2247

%‘;% Optilﬁnﬁjition %giéﬁ 317
SRR — — 1
FIBLIE jéﬁ Eiigﬁ -321
Datal Matlab 325
¢ L
ke 5 329
Calculator e
® &
R i&iﬁ 63 -
HIBH R i1 i P | ADAMS# %2 T a &
G A | Do R P W g-3
AEFRLL B Ad] Simcode 3
FEAT IS -341
Pl fF
1 Al -345
-349
3.4 LER 949 951 953 955 957 959 961
= Ica_outer_x
G A BRI T, 15 21 1 2 47 Bl it
PERBRNAS E E B B LA . AR DLAL S SR AN 1Al 12 Pl 14 FARMERE AT F B AN « A PR AE L 2R

B o A bR BREUE RE T e 5022 Bk AL U 2 Ak it
2N 13 ~ [ 21 s



- 170 -

%28 &

¢E Line for strut_lwr_z vs. Objective... E]@

DOLP

3
3,
N

=317

-321

-325

-329

'
w
w
-~

Ohjective Function
&
w
w

'
w
=
=

-345

-349

558

562 564 566
strut_lwr_z

Al 15

FUARELRE AT S ALBIRAS T Al 2 s bnAz 2k

DOLP

3
3
X

=317

-321

-325

-329

-333

= -337

Objective Function

-341

-345

-349

08

11 2 13 Y& A
d_rear_spring

K16 Hbnaks

SRS RIE LU PN A2 A 2R

¢E. Line for tierod inner_y vs. Object... Q@@

-317

-3

-325

-329

'
w
w
-

Objective Function
&
w
w

DO

Ohjective Function

-341 [1
-3451—. s
-349
387 391 393 397
Ica_front_z
FI R R AR T 4 A R 2 S AR R Al 26

-317

-321

-325

-329

-333

=-337

-3

-345

-349

I

¢E. Line for tierod outer_y wvs. Object... E]@g]

-679

-675 -673
tierod_outer_y

-669

K19 HbnEkERT

FRIERERIAT AN, y s AR 25

¢E Line for tierod inner x vs. Object... Q@@

DOP

3
2
N

-317

-321

-325

-329

-333

-337

Ohjective Function

-3

-345

-349

-334

-330 -328 -326 -324
tierod_inner_y

& 17

HAR{ERE

IR [ RERIRT A,y is ARARAE A H 26

3

SPORC

N

=317

-3

-325

-329

-333

'
w
w
-~

Ohjective Function

'
w
=
=

-345

-349

1120

1122

tierod_inner_x

1124

1126

K20 HbnEREHT

B BEHLFT N

Moy i

N

M FRAZ A 2R



T, 55 B TR B IR 2 BAREAL T iR I

- 171 -

4

SEARE

-317
5 ' AR 2443 J1 205 B Adams/ car 122
. ERMEAL A iSight-FD SEFTEC A AL, A7 S0 A o T
. ‘ VOB ARG A T BTN AR AP B 5 2 ] 9 OF I, 1
£ -320 N 5 — 2 e N — N
g VEHHREPERE 2 HERS B P FIOL AL o W]
a & T Adams/car 15 iSight-FD Py il B b 474 7 Hf
Q g ) — AR R AR
= [ [ 2% 30k ( References) :
-345 i
[1] GOBBI M, LEVI F, MASTINU G. Multi-objective stochas-
'3439515 618 3620 3622 3624 3826 tic optimization of the suspension system of road vehicles
rr_outer_x [J]. Journal of Sound and Vibration,2006,298 (4-5) .
1055-1072.
K21 HPMERG S5 NS v S AR L i 2R [2] ELSPS, UYSPE, SNYMAN J A, et al. Gradient-based
approximation methods applied to the optimal design of vehi-
DAL ET I BT AR S A AL B ARME R X b anske 5 cle suspension systems using computational models with se-
226 Fi, N R HE R IR, f Ak 2 5 15 4 B S vere inherent noise [ J ]. Mathematical and Computer
o 4 = . Modelling ,2006,50(9-10) .787-801.
IR 2] T AR B P o ’
AR 5 nl‘_JE_Ei: /Jﬂi_m [3] COKER C, WHITE M. Optimization process for off-road
RS RHRRMRMUATENLE vheicle shock absorbers[ J]. Altair Engineering ,2008(1) :
B AR WA A flfbfE 123-126.
b_front_spring ! 101 (4] JFAR. HeT H 7 vk 088 4P IR HE (5 SR AR AL [ D] K
feaouter.x o o U TRE B, 2008,
trut ) ) . . - P
— X Lol (5] ST ARGERTIE Z AR S 1 73U T DAL T
tierod_inner_y -329.42 33218 FESCELL D). RS0 A EL T A ML TR Bt ,2004.
e w00 s 47 (6] Bl 2 B EAL Iy A LTI LR T,
tierod_outer_y ~674.38 ~678.75 TERHL T RS540, 2009 (7) :85-89.
tierod_inner_x 1123.5 1122.77 (7] HEEWI. 2T AT RN S8 L H ARk
rr_outer_x 3620.2 3 623.68 [J] PR 2008 (1) :38-41,60.
£6 MBS BAESTEH [8] 1ISO 2631-1: 1997(E), Mechanical vibration and shock E-
- — - - valuation of human exposure to whole-body vibration-partl :
AL Hpr P HAR{E LALlE .
general requirments[ S].1S0,1997.
acc_sum 0.314 0.28 e e . .
wihz 75276 31.746 (9] RABIPTEMEIRKBFAIN T [S]. th e Af L AIE
zxh 87.822 90.351 PURATALRRIE GB/T6323. 1-1994.
shexing 66.746 78. 147 [10] HWHE EFREESIHEEEWBRAEIT (D] &
maichong 92.933 98.518 HE 5 BB Tl R 2 LR -5 15 4 27 B , 2009.
yieyue 86.19 88.05 [ 4R SetEF] ]

(3% 165 W)

[7] TEREN F. Minimum-time acceleration of aircraft turbofan ings of the 1997 IEEE International Conference on Robotics
engines by using fin algorithm based on nonlinear program- and Automation, ICRA. Part 1(of4) , Apr.20-25,1997 , Albu-
ming[ R]. NASA-TM-73741,1997. querque , NM , USA. Piscataway ; IEEE ;1997 . 124-129.

(8] B M RAIGIM ) RARHE R TR [10] ) SeAVRINE. BLAABUN R SE AN ) o Aok
JiAt:, 1996. [ M. RABHI, 3. JEat AU T H Rt , 2004,

[9] BOBROW J E, MCDONELL B W. Modeling,identification , [ 4R45 : Setm A |

and control of pneumatically actuated robot [ C]//Proceed-



