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Frequency-domain Modelling and Simulation of a Vehicle

Fitted with Kinetic Dynamic Suspension System
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Abstract: This paper took an SUV vehicle as the prototype, established a frequency-domain model of
vehicle with KDSS-fitted, based on the transfer matrix method to derive the impedance matrix of hydraulic
subsystem, solved the eigenvalue in numerical optimization iteration method, compared and analyzed the
modal parameters of KDSS-fitted vehicle, ARB-fitted vehicle and no-ARB-fitted vehicle model. The results
indicate that KDSS is able to effectively reduce the roll motion of sprung mass in the same way as anti-roll
bar, and simultaneously maintain the ride comfort performance. At the same time, the wheel torsion stiff-
ness, compared with ARB, is greatly reduced. This gives the wheels full contact with the ground and im-
proves the passing ability of the vehicle.

Key words: modal analysis; kinetic dynamic suspension system; vehicle dynamics model; impedance

matrix eigenvalue identification

* Wk B H#1:2015-05 -06
ELWB :HEAHRBEREE I H(51175157) , National Natural Science Foundation of China(51175157) ; ] ¥ K 24757 4 & Se itk
BEV 3 5K T A 9 B SRE (71575005)

YEB B A kIR (1967 =) 5, W g 22 Ak 91 1 R |l 2082 Tl
3 I FR A, E-mail :15116352685@163. com



5 10 34

SRR I A AT Bl I AT B S AR G A R AR B ) 9

PR B8 E FT (Anti-Roll Bar, ARB) fig#2 5
DNAEST P B2 S0 4] e 25 22 B 0 i (H ARB OB Z2 A
A0 LI, T g R BT P RIS T A A A e e A
R B K — R) R, H R A R T A )
OB [ B2 8 AT R LR AR 2R L F2 B A 2R K gl Ay
=28 & 4t (Kinetic Dynamic Suspension System,
KDSS) %,

= Bl AR 1] £ A — T 100 RE T 4 B 4
B AR E PR Ty — J7 TETRE YT 0 HE Y 43 T
AT 935 95 4 19 gl 0 v DR IE 4 R
Gosselin-Brisson 25" B4 1 — 3k 3 3h 28 17§
o 6T 70 SR P66 TET P 3 ) P A 3 % T A M AR A AR K Y
P21 s Cronje S5 B it i) Eh B e 48 5k £ 80
BRSSP Z A I AR AR AR S 2 ] Y
DI 2 i AR R A S g B AR e AR 0 S A AT
JE2TEN RN

WIE BN ARG & — B8R RS A
) ELIGE I SR 25 4 X 42 30 47 Bk 1 e 52 ) AN [m]. 58 £L
FEAE 4 H 22 P T 2R A 2 R 5 D S A 1Y
RGP R A 5 SCHRES — 7 048 i 1 W R B A )
HIRER 7 Sy W 2. S 8 1 7 i I 7 S
55 AN 5] B4 A PRI 70 A0 358 R P SO0 8 s . 0 Ak
ZRGEAT T BEE e T AU k.

F Bl R SRR AR A A2 0 ds SR A S A Y
LR NI EEFBLE B SRR RE A BSAR
. Aoyama 55 BIF & 1 3 B R Gk R
345 1 1R[] /)N 2 25 R i V0T il T AH 25 5 DA R IR R
A0 FE . JF 2 W BE RN BE Je Yy R s 36 L
S0V ST T BRI | A T S O R R
S BT B e il 2 5 SRS S TR A sl B e s o
wr EAT T IR AR FA i

KDSS i, 2 Wi 7 208 ol A2 e OB R &
HH LE A% GE R 1) B2 5 T 5 FRECELAT0 MU 8 A L1 BE 5 AH
VO TR s BB R S AL SO R B AR L T sl Ak
TS A AR, ol TSI Z R R E
i FH ) 4= 2 W) 5 38 20 v v R 4 B (H B Z A
RGH IS 43 . A SO o g 5r KDSS i 5 455 73
ZEGREE T B ERER, 5L MAA ARDB 45
i ARDB AT EVERE XS LA B, ANELIS b I
HE KDSS B #2 w4 50 00 450 W9 B2 . e AR ST $11 %% MY
JE o HOAS 2 B 3 ) P2 A AR B 2 M AR )N

1 HHWBEESERGEERE

ST e KDSS (19 3 i B 22 ZE A 8] 1 B
TR B 1R BB B, KDSS 1) ARB 1 5 5 %24
BeHE BT KT I A1 o [ E AR R b AR R AR
Hom g bR L, O OB Sl 0t 5 1, ORI 5%
S mu A om S N AT R R = N B B
Jo O Ak 1 T 1) 5 RS 5 0 R AREAN A1 s @ Sk A A
Tt s Zup s Zue B 2 W PUEEFE AR I B H AL 500 K
Ji L 5 AT B B R A A TR G RS A
T FF O R R TR 0 B85 s e, 20 3010 9 TG L R A M
JEscuseo HATE G EMIE sk 2300 S HT LG 58
JiG T B

Bl XBHFELERA
Fig.1 A SUYV vehicle model
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Fig. 4 The schematic of KDSS hydraulic system
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Tab.1 System parameters
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Tab.2 The KDSS loaded vehicle’s natural frequencies, damping ratios and mode shapes

Bk f/Hz ¢ 25 0

9 ZuA ZuB 2uC 2uD

e 1546 0.11 0 0 1 0.15—0.05i  —0.15-0.05i 0.15—0.05i —0.15+0.05i

% B 1 i) 1.96 0.14 1 —0.078 0 0.22—0.011 0.22—0.1i 0.18—0.06i  0.18—0.04i

2 B {R f 3.4 0.23 0. 055 1 0 —=0.2540.14i —0.2540.14i 0.31—0.17i ~ 0.31—0.17i
i R Bksh 12,63 0.264 4 —0.00440.07i  —0.07840.12i 0 —0.8 —0.8 1 1
PR Bk 12.492 0.236  —0.0440.05i  0.003—0.004i 0 1 1 0.8 0.8
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Tab.3 The natural frequency, damping ratio and mode shapes of the vehicle which without ARB
B f/Hz ¢ 2 0 ¢ ZuA 2uB uC 2ub
2 B 1.5 0.112 4 0 0 1 0.14—0.031 —0.1440.03i 0.14—0.03i —0.14+0.03i
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HHilh Bk 3h 12.51 0.2227 0 0 0 9 1 1 _q
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Tab.4 The natural frequency, damping ratio and mode shapes of the vehicle with ARB
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