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Reliability Analysis and Optimization
Considering Dynamic Characteristics of Vehicle Torsion Beam
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ABSTRACT

This paper presents the reliability analysis technique on the dynamic characteristics of the torsion beam
consisting the suspension system of passenger car. We utilize response surface method (RSM) and Monte
Carlo simulation to obtain the response surface model that describes the limit state function for the natural
frequencies of the torsion beam. Using the response surface model and the design optimization technique, we
have obtained the optimized section considering the reliability of the torsion beam structure.
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Fig. 1 Original x space

Fig. 2 Transformed uncorrelated
standard normal Z space
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Fig. 3 Section profile of torsion beam
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Generation of geometric and FE Model
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Calculation of Section Properties
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Vibration analysis of Torsion Beam
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Definition of Probabilistic Random Variable
(Mean Value, Standard deviation, distribution)
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r Reliability analysis for Limit State Function ]

Fig. 4 Process of reliability analysis
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Table 1 Properties of Torsion beam

Properties Initial design
Thickness (mm) 6.0
Midline length (mm) 77.0
Arc inner radius (mm) 20.0
Sector half angle (deg) 25.0
Area (mm?) 1196.32
I, (mm") 1213867.0
L, (mm®) 759653.1
Torsional constant (mm®) 14143.92
Warping constant 33244280.0
Centroid (x,z) -17.64, -13.13
Shear center (x,z) -17.64,39.33

Table 2 Mode shape of Torsion beam

Mode No. Frequency (Hz) Mode Shape
1 143.82 Torsion
2 249.11 1* bending
3 287.65 2" bending
Mass (kg) 8.42
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Table 3 Statistical Property of the Torsion beam
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Variable Distribution Mean STD
Table S Properties of torsion beam
7 Normal 0.436 0.05
7, Normal 0.436 0.05 Properties Initial design
Thickness (mm) 6.1
T Normal 6.0 0.05
Midline length (mm) 77.0
B =RdAME F2EY AFY X5E =30 Arc inner radius (mm) 20
2 3t A4 S s A AT Sector half angle (deg) 28.7
B=30c A= 99.875%F rlet. Area (mm?) 1200.565
2= 3 &)
Table 4 = 2t EWFE FH g 7HY HY I, (mm) 1361196.6
7 (most probability failure point; MPFP)3} SI1ZtE A -
= o - “ I (mm”") 698924.5
RE YEIZ Qo Table 4 A B APREE
}E WSS WAPS U B 27} AR Torsional constant (mm?*) 14687.63
o] N % A9 F7 A=E Vel E ol Warping constant 26622490.0
R L Centroid (x,2) -17.6435, 6.4916
Table 4 MPFP, Reliability index and sensitivity
information Shear center (x,z) -17.635, 55.205
Variable MPFP Sensitivity [+1]
Table 6 Mode shape of Torsion beam
¥, (radian) 0.459 -0.15354
7, (radian) 0.543 -0.72959 Mode No. Frequency (Hz) Mode shape
T(nm) 6.10 -0.66643 1 143.46 Torsion
p=3.0 2 248.48 1* bending
P, =125E-03 3 286.92 2" bending
Mass (Kg) 8.44
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Fig. 7 2™ Bending vibration mode (286.92Hz)
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