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Durability Analysis Technique of Automotive Suspension System
Considering Dynamic Characteristics
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ABSTRACT

In this paper, resonance durability analysis technique is presented for the fatigue life assessment considering dynamic
effect of a vehicle system. In the resonance durability analysis, the frequency response and the dynamic load on frequency
domain are used. Multi-body dynamic analysis, finite element analysis, and fatigue life prediction method are applied for the
virtual durability assessment. To obtain the frequency response and the dynamic load, the computer simulations running
over typical pothole and Belgian road are carried out by utilizing vehicle dynamic model. The durability estimations on the
rear suspension system of the passenger car are performed by using the presented technique and compared with the
quasi-static durability analysis. The study shows that the fatigue life considering resonant frequency of vehicle system can
be effectively estimated in early design stage.
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Fig. 1 Process of quasi-static durability analysis
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Fig. 2 Process of resonance durability analysis
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Fig. 3 1™ Vibration mode of rear suspension system
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Fig. 5 Stress distribution for longitudinal
unit load at hub-rear axie connecting
point
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Fig. 6 Stress contour plot of rear suspension
system due to exciting force at
hub-rear axle connecting point
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Fig. 10 Dynamic loads due to pothole simulation
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Fig. 11 Belgian road simulation
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Fig. 12 Dynamic loads due to Belgian road simulation
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Table 1 Conditions for fatigue life prediction analysis
SAE 1035-169-CON
Yield strength 410 MPa
Ultimate tensile strength 550 MPa
Elastic modulus 2.1E5 MPa
Stress range intercept 2137 MPa
Fatigue transition life 1E6 cycle
First fatigue strength exponent -0.0872
Second fatigue strength exponent -0.0872
R-ratio of test -1
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Table 2 Comparison of fatigue damage for pothole

simulation
Node Damage Percent
number Quasi-static Resonance error
200239 2.853E-5 3.136E-5 9.0%
200512 1.1126-5 1.167E-5 4.7%
200252 4.202E-6 4.49e-6 6.4%
200229 4.201E-6 4.476€-6 6.1%
200238 2.146E-6 2.207E-6 1.8%
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Table 3 Comparison of fatigue damage for Belgian road

simulation
Da
Node number oA Percent
Quasi-static Resonance error
200239 2.091E-5 3.703E~-5 43.5%
200512 5.678E-6 8.220E-6 30.9%
200252 2.781E-6 4.201E-6 33.8%
200498 2.544E-6 3.490E-6 27.3%
200238 1.787E-6 2.498E-6 28.4%
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