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Fig. 1 Finite element model of the rear subframe
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Fig. 2 Stress distribution in the left camber link under

unit vertical force
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Fig.3 Connection point load of the left camber link in Belgian road
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Tab.2 Cycle times of each typical road condition
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Fig. 4 Stress-life curve of the weld material
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Fig. 5 Life nephogram of the subframe’s welds
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Fig. 6 Comparison of damage under road load data and under load

conditions in the virtual test field
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Fig. 7 Vertical-force series load of the left camber link
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Tab. 3 Statistics of failure danger points of welds
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upper beam and the left
longitudinal beam
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Tab. 4 Statistics of failure dominant connection points
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Fig. 8 Schematic diagram of virtual strain rosette arrangement
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Fig. 9 Absolute maximum principal stress at 1# danger point
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Fig. 11 Distribution of damage to dangerous elements in welds
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Tab.5 Correlation coefficient between the principal stress at 1# danger point and each axial load of the left ARB
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Tab.7 Pseudo damage matrix and damage contribution of each level of load
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Tab. 8 Characteristic working conditions and proportions of the

subframe fatigue acceleration test

29 Load level
TR T 0 8
Characteristic working
condition load/N
FEAE T8 M Mean value
of characteristic working -78.9 -78.9 -78.9

conditions/N

S5 i Total pseudo
damage amount
AR O itk
Pseudo damage amount
under single load

AT ARV
Number of cycles per load 620 130 15
level

T 56 i 2805 2R A AR 5X B 2k, 2% A%
1 =R AR 22 A R T A AR R Y 1/2

% Low F Medium = High

4201.6 7 562.89 12 604.8

9.316 240 649 20.424 629 99 17.788 085 39

0.015029994 0.157 77970 1.217 429 54
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Tab.9 Minimum number of cycles of the fatigue acceleration

test at 1# danger point

H #545i47; Target damage 1.31
P
' RS AR A 0.000 260 8
Single load spectrum damage
o/ MIEFR R Minimum number of cycles 5024

SR B K Total test duration/h
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Tab. 10 Accelerated spectrum statistics of the subframe fatigue test

a1 255 T3 AT A T WRE TRRRRER
Dangerous Accelerated spectrum load Amplitude/ Number
point number channel N of cycles
Fr AR 1) S T [9] g
1# Vertical force on the left side 11 345 350

of the anti-roll bar-ARB_L_F,
A SR AT T )

2% 4# Lateral force on the right side 14 412 2100
of the spring link-Spring R_F,
e TR AT 5] 73
3#.5#.6#  Lateral force on the left side of 15700 2 600
the toe link-Toelink L_F,
F1 OMEEWIEL RSIT
Tab. 11  Result statistics of the accelerated spectrum validation
FE A JEL AR A
a - _— T _ N
SIS LU e § SO 1} €8 1
Dangero- Target Accelerated Acceleration Original Acceleratio
us point  damage damage . load n factor
test duration/h .
number duration/h
1# 1.31 1.32 78.3 5
24 1.1 1.11 107.9 4
3# 0.52 0.53 29.6 13
378.2
44 0.5 0.73 103.4
S# 0.48 0.65 21.7 17
o 0.44 0.45 49.8 8
4 g

BEE e B 2 2 7 o3 W Al R kAT, XS
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Research on accelerated load spectrum for fatigue test of PHEV subframe welds

ZHAO Lihui'*® WEI Xuguo' LIANG Shan® WENG Shuo"”* FENG Jinzhi'>® ZHANG Dongdong'**
(1. School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)
(2. CMIF Key Laboratory for Strength and Reliability Evaluation of Automotive Structures, Shanghai 200093, China)
(3. Shanghai Technical Service Platform for Reliability Evaluation of New Energy Vehicles, Shanghai 200093, China)

(4. Time Navigator Truck Factory of Beiqi Foton Automobile Co., Ltd., Zhucheng 262200, China)

Abstract: Aiming at the problem of the weld fatigue test of the new energy vehicle subframe, a program load spectrum
compilation method based on the failure dominant load was proposed. Firstly, the finite element model of the rear subframe
was established, and the stress distribution under unit load was coupled with the load of each connection point. The structural
stress method was used to evaluate the fatigue life of the subframe welds, and six dangerous points that were easy to fail were
selected. Secondly, by comparing the load damage of each connection point, the failure dominant connection point
corresponding to the weld dangerous unit was determined. Then, the failure dominant load was determined by the principal
stress analysis, time domain correlation and uniaxial damage contribution at the weld, so as to reduce the dimension of the
multi-axial load and reduce the difficulty of the bench test loading. Finally, a pseudo-damage matrix was output based on the
failure dominant load, the characteristic working conditions and their proportions were selected to obtain the load spectrum of
the fatigue accelerated test program, and the minimum number of cycles was determined according to the principle of the
damage equivalence. The numerical simulation results show that the program load spectrum can reproduce the damage of
dangerous points and has a high acceleration coefficient, which verifies the effectiveness of the accelerated test spectrum.

Key words: Rear subframe; Weld fatigue; Principal stress analysis; Failure dominant load; Characteristic working
condition; Program load spectrum
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