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A Method for Calculating Dynamic Load of Suspension
Part Based on Udwadia—Kalaba Theory

HU Sanbao'?, WU Pan'?", WANG Chao'*?

(1.Hubei Key Laboratory of Advanced Technology of Automotive Components, Wuhan University of Technology, Wuhan 430070, China;
2. Hubei Collaborative Center for Automotive Technology , Wuhan 430070, China)

Abstract: Based on Udwadia—Kalaba theory,a method for calculating the dynamic load of suspension part was
studied by taking the six—component force of wheel center as the input. Taking the five—rod rear suspension as the
modeling object,the dynamic model of the suspension system was established,and the analytical expression of the
load at each part was obtained with the decomposition of the total binding force. Compared with the traditional
Lagrange modeling method,the method does not need the Lagrange multiplier and reduces the complexity of
modeling. In order to verify the correctness of the method, the numerical results were compared with the simulation
results of the traditional modeling software Adams/Car. The analysis result shows that the proposed method is
accurate and efficient,and the calculated dynamic loads are in good agreement with the Adams/Car simulation
results. Finally, the method was applied to the actual vehicle test, and the load prediction for the rear suspension of a
SUV was carried out.
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Fig.1 Schematic diagram of five rod rear suspension
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Tab.3 Spring and damper characteristics

ST R S oA
Ad/m FIN Vi(m-s™) FIN
-0.11 -10 850 -0.5 -1700
-0.1 -8 000 -0.4 -1300
-0.08 -5 760 -0.2 -410
-0.02 -1440 -0.075 -1125

0 0 0 0
0.02 1 440 0.075 112.5
0.08 5 760 0.2 410
0.1 8 000 0.4 1300
0.11 10 850 0.5 1700
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Tab.4 Hard point parameters
B X/m Y/m Zlm
A, 1.441 -0.512 1.005
A, 2.010 -0.304 0.955
As 2.170 -0.431 1.116
Ay 1.990 -0.472 1.133
As 2.253 -0.285 0.969
By 2.140 -0.768 1.065
B, 2.040 -0.731 0.936
B, 2.016 -0.698 0.988
B; 2.050 -0.733 1.190
B, 1.965 -0.741 1.190
Bs 2.159 -0.724 1.019
G 1.890 -0.581 0.931
G, 1.898 -0.544 1.326
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Tab.5 Rigid body mass parameters

ZIEEN mlkg J./(kg+m?) J/(kg+m®) J/(kg*m*)
1 15 9.61e-2 5.30e-1 6.14e-2
2 2.2 5.42e-2 6.49e-2 4.13e-3
3 1.8 4.76e-2 5.77e-2 2.83e-3
4 1.8 4.76e-2 5.77e-2 2.83e-3
5 2.8 7.12e-2 6.23e-2 5.25e-3
6 20 2.51e-1 6.52e—-1 2.81e-1

FTPL S5, AF Adams/Car PEESTIZEZLM)
ZARRERY 3 ONATY A FE Matlab HEE ST A SCHT
RN 2 AR R SO MUY A 1 T REHLIES
] Y Bh 7505 2L, SRBUES 0 7N 20 F1 80 A AR M
A A

DIMEEHL D e FEHLES A 5], 45 e AR M) bR 4%
1 - qo AERIRILG T SLARBR g0 = 0, F5 AP 0.01
s, B Eh 10 s, B MR R e As - PR B, SR i
AR (18) R (21) A B I AR I i K
PRASHRE , IFHe R 3 PPN K BH e R AR
fTfS B, 82 AR = ri\djlujjé’aﬁttéi%/\%uanl@
2~ 7 PR, W25 T B B X T shAS it
AR, WK 8 R,

-100

~150 Wi,
-200

-250

FIN

-300

-350

-400
0

tls
B2 &5 X®mahhsh

Fig.2 Dynamic force of point in X direction

1000

800

t/s
B3 K&y aqaih

Fig.3 Dynamic force of point in Y direction

2400
—M
20000 T A
Z L i Ao {l ) ) Y i
E 1600 s | .‘,‘,‘ O """lr:-';' e
1200, 1 A
800
0 2 4 6 8 10

t/s
B4 BEZ@aHEN

Fig.4 Dynamic force of point in Z direction

-10 L L L L

tls
B5 &M 12X a5 N4E

Fig.5 Dynamic moment of rod 1 around X axis



MBI S S B Rk 7

55 411 =555 . 2T Udwadia—Kalaba FH%
10
—M
-------- A
5 -
E |
S i
5t
~10 .
0 2 4 6 8 10

t/s
B6 #HAF 1LY thahxh4E

Fig.6 Dynamic moment of rod 1 around Y axis

0.15
0.10
0.05 -
0.00 Hif

M/(N+m)

-0.05

-0.10

-0.15
0

tls
B7 #1235 0%

Fig.7 Dynamic moment of rod 1 around Z axis

cal_error_Fx

error/%

tls
B8 HHizE

Fig.8 Calculation error

Fh 015 ELAE SR AT R, P RS TR i A Bl 2
TS LRI G TR ZESEATE 5% LN,
EFR I 2 B T e K2 10% 1915 22 , X 02 i T
PR T R (A A —E 22 5, AT R R 7
s AN 3 B

R, o] LISEIAS SCRT iR 8y 313307 ik S 16 58
IR AT TR B RCR , BAERIRRp 7 HAD K
Lefjs BT B A {5 TG I 6.85 s, 6471

M 6.6 s, FERFAHIT , UERHIZ 75 1 A =280, A A%
Mo el 1 AL SRRy 1 i B A% B H 3R A
AR AR B A

4 58K N A

K 1Z 07 2 T L A g v il g 580 78 o )
IR A LMS Testlab 3R, JREUE SEFRE 4 780 o
% SUV Jafese.0os o S8 47 R B R
T 1) 2 gy TN ARG A Jaa Y B A T ] B
Pl T 00 R ), A5 R AT AN 1] 9 o, A IR AR 4
HURER 3 e 0o 7S 3 1B an 1] 10~ 13 iR,

B9 #uxa AR
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