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Fig.1 Schematic diagram of front suspension components

Shock absorber support

1 BEBRAERSTENRESESHENN
IE

1.1 EFEEGERFELHRE

SN N N L e TNV E - S e g m N T B
TF R it Ak 0 % A8 A % R B T o 3 7 AL
B, A 20 A U S T B R B A R A R B
FA IR ST AR W AT A 3 200 ke, BTSSR A
BL bR 2:30 AR RARYE K55 4% 20 000 km 424 A 43
B, T i g 4 4 i R A TAE . IR T 5 A
RCE S AT e R AR 5 A Rk .

W 57N AR RS e R 0T 5 4248 1
[ B 7 %8 g vt 5 ZE A T = ) o A R A
I A R 5 b BR A B Ak e o 2 XA B A
SRS BRI 2 TR

8 | A U R
L R R ek
Test vehicle: fron
double wishbone

| suspension.rear leaf

spring suspension

I AR I | [ B2k A RS A
Threc-axis

Pull wire

| I '
Wheel six-component

force sensor acceleration sensor || displacement sensor
J

2 RIS ER RN E R R

Fig. 2 Test vehicle and test sensor

R TR AT LS AR ey WS A, TR BT B RS U
P ) N AR B (L 3) 4 B0 AR B A AN 1] 4 T 7, 76 il
W) A B R, RIS, TEAR ) A0 B R, R, DU 5, 20 B 20

MR, 1 LR T [ SR TE N AR AR BEL IR Y52
Wi, JCZ0 B B M R, LTS B T2 il o 3 AT 1 2
Mo TR N AR & H il 1) o e AR e, 5 25 N AR &
ZH Y

g =&, te, (1)
g, =v(e, +¢&,) (2)
g7 6,51 &5 (3)
e,=v(e, + &) (4)
E,= &, =&, (5)
£ =&, =-¢&; (6)

Kb, v e ehafs L. R (1)~ (6) TR E T
TEFT BYPL RN AR
go=& te,te,+e, =2 (1 +v) (7)
TEEWN B b EFTIRE S Z I Al ) 1% 8%
i, HENT VAT Al 7 5 N AR 2 ) B AR R A2
B AR 2 R BN S BT o

B3 EFREEER

Fig. 3 Single direction strain gauge of the connecting rod
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Tab.1 Description of sensor selection
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Fig. 6 Measured load spectrum signal of the connecting rod

#h1h] 7 Axial force F/N

1.2.2 E5MAXEbin

R A1 o A3 i Ak T BN ) ZE AR B R AR
O30 22 H B Sk o B IR R S B A RS (S S A
PR AR R A NI R 5 A LUER , PT LUK 3512
FEAG 5 TS 5 A AH 52 7E nCode TH51E T
FRUE 8 R, B9 RE/R T T 00T 20T 448
TR 5 R A S e B A T AH GRS AL B, 5 S A
AN R[5 S A REF A, FR IR T R A
HTERR T

2 BEZEHNFEESINEHIE

ASCVLAE T AR Bl ) SR AR oyl AR e
FFE T FL AT S 205 , 76 Adams CAR A5 rp 45 g d
L IRE IR BT 2% B R T 2% &
BT RE FHInTRERERANDT T REM . T7E
HEAT 8 ZE AR B X bR 2 1, 75 BRI TR 2R KC IR ER
5 AR ERTRIE T RGAT TR, BT RGA
BRI 5, T5 ZEAR TR 22 0] ()32 Bl i) 28 [B) AL B ps
SRR R S L A RE SR, IR
PRI B AR I NI S BHLJE S 056 ik e 28
F B EE M AT ARAT ST 2 i Ao £ it 2 an ]
10 Fi7m , S HOE BT RN & 11 B
No KT BIERRE KT R MER M AL KC
M g (B 12) R a5 (5 07 FAE 247 % b, 39
TIE AR TR ) o Aff 2 v 4 g o i ) % b 2
R 13 fron . B 13 R0 B4 Sk ih 2t i
— 3 UEM T R R E KT T R G B HER T . TR
i B 56 1500 T 00 A 0B iy o 00 i 7 f
T AT o v JBE S B FR AR, AR 3 FTR . k3 0]
A A BAH R IR 25 /N T 13, 5%, FRR LI T 2248
+ R G A R B R R

K R P02 A7 0 H Am ZE A A (1] 14) 2047 )5 L
SR o FEERA s B RS R 5 I B R AL A R A
AL, RIS AL 336 R K0 5 R B FE AR b



547 B 1Y

XU E A« T I A 1 AR 1) R AT AT 57 0 S 1l

137

£2 RARGELEREE S R A AR

Tab. 2 Intensified road collection speed and durability specification cycle number at the test site
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Fig. 7 Signal symmetry verification of the twist road
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Fig. 14 Multi-body dynamics model of the complete vehicle
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Tab.4 Bench test results
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Fig. 19 Status comparison of the connecting rod actual vehicle test
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Tab.5 Multi-body dynamics load extraction of the limit load of the left and right links of the vehicle front suspension
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Road Bump Right slope Manhole . Cobblestone Vibration Regular Belgium Gravel
Curb-shock Barrier
name road lane road cover road road 1 longwave road road road
G, /N 91.9 286.1 384.6 176.8 55 222 200.6 83.4 200 91.9
G /N -97.1 -264 -334.8 -173 -210.8 -184.3 -92.8 -198.4 -97.1
TN < T i RN . EBRNE B2
MEPARG gy WU B gy PO REEES gy, EMIERL AR,
Road Longwave Washhoard . Railway Vibration B Left slope Vibration .
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name road road road road 3 lane road 2
G, /N 198.6 126.4 122.4 274 251.1 244.3 145.5 227.7 1523
G /N -188.9 -120.5 -121.5 -248.7 =75 -218.7 -220 -119.3 -205.6 -153

T PR ERAT A IEAE, FE46 38407 A . Note: Tensile load is positive, compression load is negative.
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Tab. 6 Comparison results of three methods for extracting critical

load of the connecting rod
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Method name load /N Measured compared to
oa load value /N measured test
values
EZUNTIVIE s - 7iipsy (378
Multibody dynamics load 384.6 1
decomposition method
JEFFR AR
Theo.rellcal method f)f 280 382 23
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Bench test method
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Result of stress field under unit load of the connecting rod
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Fracture failure diagram of the front stabilizer link
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Fig. 21 Finite element model of the connecting rod
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Fig. 22 Flow chart for fatigue calculation of connecting rods
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Connection point of the shock absorber bracket is loaded with 6 unit loads:
1 N force and 1 N-mm torque in X\ Y. Z direction
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Connection point of the stabilizer bar body is loaded with 6 unit loads:
1 N force 1 N-mm torque in X, Y. Z direction
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Fig. 23 Finite element model of the connecting rod under unit load
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Fig. 24 Fatigue testing device
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Fig. 26 Fatigue damage nephogram of the connecting rod
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Tab.7 Dangerous node data statistics of the connecting rod
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Dangerous part Fatigue simulation Test life Relative error/%
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Fig.27 Improvement scheme of connecting rod structure
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Fig. 28 Comparison of stress nephogram the connecting rod before
and after structure improvement

Contour plot
Damage(Scalar value)

Y
5
2275% 10
—1950% 10
LiS0xios
o X B
8490 % 100 =
3249 % 100 4 7N\
—0.000 of
Max=2.924 x 10~
Node 13 675 _
Min=0.000

E29 MitEEFESRGZE
Fig.29 Fatigue damage nephgram of the improved connecting rod
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Tab.8 Deformation of the connecting rod with different

diameters under extreme loads

ErRe) EFFEAR I
Number Link diameter/mm Deformation /mm
1 10 6.5
2 15 2.5
3 20 0.043
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Fatigue analysis and optimization of transverse stailizer bar link based on

measured load spectrum

LIU Zhilei'? DU Jian>® HAN Jie’
. Hebei Vocational University of Industry and Technology, Shijiazhuan , China
(1. Hebei Vocational Uni ity of Industry and Technology, Shijiazhuang 050091, China)
(2. Test Center, SANY Heavy Machine Co., Ltd., Kunshan 215300, China)
(3. Hebei Key Laboratory of Special Delivery Equipment, Yanshan University, Qinhuangdao 066004, China)
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Abstract: In order to solve fatigue fracture problem of the transverse stabilizer bar link of a pickup truck, taking the
measured load spectrum as support, the fatigue analysis and structural improvement of bar link was carried out based on multi-
body dynamics load decomposition method. The load spectrum acquisition test of stabilizer bar link was carried out, and the
correlation analysis between sensor signals was conducted, and the validity of the collected signals was verified. Through the
kinematics compliance (KC) test, the accuracy of suspension dynamics model was verified, by using virtual iteration method, the
accuracy of the vehicle dynamic model is verified by the measured load spectrum signal as excitation. The critical load of bar link
was obtained by means of multi-body dynamics load decomposition method, compression rod instability theory method and bench
test method respectively, the strength of link was checked and compared with the measured load value, and the accuracy of the
three methods was evaluated. The results show that multi-body dynamics load decomposition method can accurately predict the
critical load, the bench test method have some errors, and the the compression rod instability theory cannot be directly used for
strength check of link. Fatigue simulation and optimization of link were carried out by combining nominal stress method and load
spectrum of multi-body dynamics decomposition. The fatigue mileage predicted by simulation is 12 143 km, the relative error
value with real life is 14%, which proves validity of simulation method. The structural improvement of the dangerous part of link
body port eliminates stress concentration of it, and makes the design life of link meet the service requirements.

Key words: Load spectrum; Multi-body dynamics; Virtual iteration; Fatigue damage
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