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Abstract: During the development of vehicles, durability tests are time consuming and costly. Recently,
automobile companies have attempted to develop their own durability evaluation procedures by modifying and
complementing . In this paper, we propose an integrated computer-aided engineering (CAE) method to
evaluate the durability of a torsion beam axle (TBA). We compare this method with the standardized
durability evaluation method used by an actual automobile company in order to determine the feasibility of
this method. We compare the results with the test result data to enable us to estimate the reliability of the
analysis results. In this study, we analyze the processes and results of the quasi-static fatigue analysis, and
found improved methods and problems. Furthermore, we perform a thorough test using the requirements of
the actual company. Based on the results, the structural analysis process in the quasi-static fatigue analysis
method was superseded by the multi-body dynamics analysis process. Generally, this method is referred to as
the resonance-fatigue analysis method.
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Fig. 1 Finite element model for modal analysis
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Table 1 Material properties
Parameters Modul}ls of Poisson’s Density
elasticity ratio (5/)
Materials (GPa) gree
No Heat
. 207 0.28 7.8
Torsion |Treated
B Heat
cam 206 0.185 7.8
Treated
Trailing Arm 170 0.29 7.1

Fig. 2 Rear torsion beam axle model
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Fig. 3 Schematic diagram of MD.ADAMS model
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Table 2 Hard points coordination

ADAMS Model Hard Points

Rear Suspension
Hard Points

X z

y

Damper Lower 3032.054 | -537.100 | -76.418

Damper Upper 3020.255 | -527.493 | 428.394

Spring Lower 2924.240 | -488.920 | -67.873

Spring Upper 2908.547 | -488.920 | 137.366

Trailing Arm Mount | 2583.600 | -527.800 | 10.000

Torsion Beam Ref. 2725.529 - 4.454

2959.964 | -699.801 17.932
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Table 3 Natural frequency of torsion beam

Mode Normal Frequency (Hz)
Ist 251.4
2nd 410.6
3rd 450.4
4th 498.0

Fig. 5 1st & 2nd mode shape of the TBA
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Table 4 Block profile loading condition

A A

Peak Valle; Freq.
Block (mm) (mm}; Cycles ( H:'l)
A 44.8 -44.8 1
B 41.7 -41.7 100 :
C 324 -32.4 500
D 28.5 -28.5 600 2
E 23.7 -23.7 2,500 3

Total cycle = ((B+C+D+E) x 10 + A) x 4 = 148,004

> <
*

Fig. 6 Boundary condition for dynamic analysis
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Table 5 Cyclic and fatigue property

Parameters , )
oy b . ¢, ' k
Materials (MPa) (MPa)
I-EIO Hzat 1035 |-0.087| -0.58 [0.5654| 0.15 | 1139
Torsion | [T€ate
Beam
?feaatted 1594 |-0.087| -0.58 [0.4749| 0.15 | 1852

Trailing Arm 958.9 |-0.089 | -0.72 |0.5110| 0.12 | 993
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Fig. 7 Creating block profile loading condition
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Table 6 Maximum stress comparison
Max. Stress

2 . ’
T Element No (MPa) Error (%)
=78 363077 461.500

1A .
il 0.502
AT | 363045 459.183

104 Lives(=1,539,242 cycles)
@ Element No. 258001

354 Lives (= 5,239,341 cycles)
@ element No. 257173

Fig. 11 Fatigue analysis
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