#4178 H 10 WM R OB R B ) Vol.47,No.10
20204 10 H Journal of Hunan University(Natural Sciences ) 0ct. 2020

XEHRS:1674-2974(2020)10-0001-09 DOI: 10.16339/j.cnki.hdxbzkb.2020.10.001

BRIEEEERSHE=ERRFESHTE S HIirMAK

¥ D N i
(L IR R2E VA B e e R R S SE 0 =, Wi K7D 4100825
2. BJEBHE K2 MUMS ML TR B, B iR 1+ & JE 2007)

@ E.&/EZIKEZE(Hydraulically Interconnected Suspension, HIS) % %t 69 A 20 IT e H 4
AL E AR, ARSI HIS RL L2088, AT AR HIS & %8) £ 2 A3k 4T
T AR RBIE M F % BARMRAC. LT B & B WA E IR N SR A
HUFEET Ay BN, VAR R 25 405 T IR A4 58 PR Fo SO AR AT S M AR AR 69 BT AR 45 A7 8 Bl AR R 3L,
KA Sobol #5KE A HIS 2 AAKBAT T 2k ZHBELHT, HFFH m HIS &5 tkate) k45
R TARRHESIER, 188 NSGA-II Ak HIS 24847 T % A 4xfbib. &R &0,
BT IR e A 35 LR IR R MR K A O A Al B AR R A K ¥ R, A B a) 69 R B A AT &
AT AL H o A B RS Bt A E R BRI AL L BRI, & § S A m A A i
JE 3 Ty ARAB K 20.95% , A7 7 Ae ik 3 I ARABTEAK 12.95%, AR /4 Anik JE ¥ 75 ARAR 4K
8.05% , % 16 30 BAT 3 FARARL A TEAK 11.17%. 18 BB R BE 5 A= % B A-tAL, TR
I HIS & Gety 4z a-Mse.

KEWR R EZRERAEER, RSN % BARMEAL 34 ik

RESES U463 MHERFRERD: A

Global Sensitivity Analysis and Multi—objective Optimization

of Hydraulically Interconnected Suspension Parameters
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Abstract: The parameter matching of the hydraulically interconnected suspension(HIS) system has a critical ef—
fect on its dynamic performance. To improve the overall dynamic performance of the system,the global sensitivity
analysis and multi—objective optimization are proposed for an anti—pitch and anti-roll HIS system. Firstly,a seven de—
gree—of —freedom vehicle dynamic model is established in the frequency domain. Then, the riding comfort, stability,
and anti—pitch and anti-roll performance of the vehicle are evaluated by stochastic road input. In addition, the global
parameter sensitivity analysis of the HIS system is presented using the Sobol method to evaluate the influence of each
parameter and find out the critical parameters of the HIS system. Furthermore,,a multi—objective optimization proce—

dure is proposed to optimize vehicle performance by the NSGA-II algorithm. The result illustrates that the linear loss
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coefficients of the damping valves on cylinders and accumulators have a significant influence on each performance in—

dex, and the interaction effect of some parameters has a great influence on vehicle anti—roll performance. After multi—

objective optimization, the optimization result obtained by the weighted coefficient method shows that:the root mean

square(RMS) value of sprung mass’s weighted acceleration is decreased by 20.94% ; the RMS value of pitch accelera—

tion is decreased by 12.95% ;the RMS value of roll acceleration is decreased by 8.05% ; the mean value of tire dynam—

ic force RMS value is decreased by 11.17%. Through the global sensitivity analysis and multi—objective optimization,

the overall vehicle performance can be improved significantly.

Key words: hydraulically interconnected suspension (HIS ) ;vehicle suspensions;sensitivity analysis ; multi—ob—

jective optimization ; genetic algorithms

SPNPUPAE FRG: R P AN 4 P RE 1 B B AR R
W — XS AHEXS LR PEREFR bR 4 T [ 32 71 4240
P ML RS E P, BHOIE A B HEAT T R B A5 TR
FEHBCGEZE RS (Hydraulically Interconnected Sus—
pension , HIS ) BERS S 4= iz A S A i, T LAEE
XFPEHL SO GRS SRS, PRSPt
(7] ik I [ R e e = Rt o I NI N
%, PRS2 3 [ N A2 1)z G

XJ HIS RG24 TIPSR AR, KT
T —RYVE LRI R, A SEXT HIS RGEHIEL
P STT R S A O AT TS R A
TTHCT BB BT T 05 B A A I e
BT — BRI R oL SR K AR HIS REE
MIPERE, X HIS RESHATIALILECBHIL
B ZBRBE N Z B AL B T RS0
ekt b . SHCRBIE 0l DL RS 4L
XA PERE RS A AR B, D B R . 2 B bR
AT LI RGN R RER R, R G mT LUTE
B ARARAETT AR, BN E X AT TARZAH G
WFFE, Xu S50 42 Ja) RAERE J3H vy B e M3 i
PR R PEAL 24 e Zha 4 T —Fh 2 & R
JE53 T I7 5 Papaioannou 4 —Fh 7E 38 4L R
i 2 AR h s Ak B AR 977 360, X HIS &
LSRR BUE i AL AT IR Z 5T, Smith 25
XU B HIE XA HIS RESEGHT T R R
JE53 AT, JF LAET SV R MR AR LA B ARXT HIS
R SEGHTT T Z2 BAs AR Saglam %5 X}
N HIS REEHY B4 FIPESEAT T O0 46 A %
ST I €8 SR 1Y) RABRE S AT 7 Morris ¥
XU B IHIE X HIS RESEGHT T RBUZ 55
Br, DI EAC I s iy ma R Ak H

PRiEAT T S A9, S BB oE £ 2 T AR 2
TR, XM E IR HIS REIHITSECR
SR e BT RN AR AL, R X BT AR o0 i B 156 Y
HIS RSt RIFIRABIRTE 4T

AR SCLAFCAN BT B e 20 HIS 248 AT
FERGE, BB WA 7 B R 400 5
SR LA T i s A e M
$8 5K H bR RS 13 Sobol 550X} HIS 245551
EAT T 42 JR) RABE A3 AT, FEARYE R /et 2R, i
UG 2 Ge RS R I DG B S R E e fb AR it
fii H NSGA-T1 k17 2 Hinfiik.

1 ZNFEE

Hsr 7 H RO, RO R B A 1
B, Pl 2, 3 1R B TR [ (28 5 0 @ 43
S R £ RO 32, i = 05/ = 1,0) WA
B BT YRS 5 m,; FTHE A TR s by S BRI E
4 4 0 22 LA e R R A ey R

e e T

m 1, k

L. o )

% o 3
My
B I 7¢ I — A k
X tir
ka PR-IHPS kg
2ufl Zufy
my My
ke ke

Bl %578 wE g FRE
Fig.1 7-DOF dynamic model of the vehicle
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Tab.l1 The simulation parameters of vehicle system
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Tab.3 The first—order sensitivity index
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