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A Study on Computational Method

for Fatigue Life Prediction of Vehicle Structures

Sang Beom Lee, Tae Won Park, Jong Sung Park, Sun Byung Lee, Hong Jae Yim

ABSTRACT

In this paper a computer aided analysis method is proposed for durability assessment in
the early design stages using dynamic analysis, stress analysis and fatigue life prediction

method. From dynamic analysis of a vehicle suspension ‘system, dynamic load time

histories of a suspension component are calculated. From the dynamic load time ‘histories
and the stress of the suspension component, a dynamic stress time history at the‘critical
location is produced using the superposition principle. Using linear damage law and cycle
counting method, fatigue life cycle is calculated. The predicted fatigue life c¢ycle is verified

by experimental durability tests.
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Fig. 1 Durability analysis procedure

Fig. 2 Flexible vehicie dynamic model
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Fig. 4 Dynamic load time history of
the spindle in the z-direction
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Fig. 5 Dynamic load time history of
the spindie in the y—direction
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Fig. 7 Stress contour plot of the knuckle
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Table 1 Material ‘and fatigue properties used in
fatigue analysis

Material
SAE1035-169-CON

Yield strength 410 MPa

Ultimate tensile strength 550 MPa
Elastic modulus 2.1E5 MPa
Stress range intercepf 2137 MPa
Fatigue transition life 1E6 ¢ycle

First fatigue strength exponent ~0.0872

Second fatigue strength exponent -0.0872

R-ratio of test -1
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Fig. 8 S~N curve for SAE1035-169-CON
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Table 2 Conditions for the fatigue life
prediction analysis

Analysis type- | S-N
Mean stress effect Goodman
FE result Stress

Stress/strain combination

Max. principal

Form of data Min/max

Certainty of survival 99%

Material SAE1035-169-CON
No finish

Surface finishing condition

No treatment

Table 3 Computer simulation resuits for
damage and fatigue life cycle

n?}:}?}; Damage Life cycle
900 4.823E-7 2.269E5
7734 4.406E-6 2.269E5
895 1.193E-6 5.227E5
7742 1.193E-6 5.227E5
z-direction 894 1.231E-6 8.126E5
load 7740 1.231E-6 8.126E5
8951 7.778E-7 1.286E6
864 4.823E-7 2.073E6
1719 4.823E-7 2.073E6
1725 4.823E-7 2.073E6
2004 9.591E-6 1.043E5
9093 9591 E-6 1.043E5
1818 7.778E-7 1.286E6
8922 7.778E-7 1.286E6
y-direction| 2104 2.929E-7 3.414E6
load 9092 2.920E-7 3.414E6
1822 1.007E-7 9.928E6
8947 1.007E-7 9.928E6
1719 3.104E-7 32227
1806 3.104E-7 3.222E7
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Fig. 10 Contour plot of the fatigue life
due to z-direction load
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Fig. 11 Contour plot of the fatigue life
due to y-—direction load
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Table 4 Comparisons of the predicted fatigue
life with experimental fatigue life

Unit © Cycle
Ratio
Experiment Prediction
(Exp./Pre.)
zrdirection| ) e 2.269E5 1.003
load
y-direction| 75155 1.043E5 0.691
load
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