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Application of the Durability Reinforcement Technique on the Frame
Structure

Sung Hun Kwon and Hong Hee Yoo
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Static Analysis(s= 7 %} 3] 4]), Transient Analysis(2} =3} 4)

Abstract

In this paper, the technique to reinforce the durability performance of structure using the sensitivity
information for the frame structure is applied. The fatigue life calculation for the frame structure is performed
from the quasi-static and transient analysis and the characteristics of two methods are compared for the
fatigue analysis. Then the reinforcement technique is applied. First, some design variables related to the
locations of fatigue failure is selected. Then sensitivities of fatigue life at fracture points with respect to the
variation of design variables are calculated and the vector composed of gaps between the target life and initial
life cycles is calculated. If the number of fatigue fracture points is same as the number of design variables, the
variations of the design variables are calculated from the linear algebraic equation. If not, the variations of the
design variables are calculated from the optimization formulation with the constraints.
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Inertial Frame

Fig. 2 Multibody Dynamic Model of Truck
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Table 1 Material Properties of SAE950X

Property Value
Young’s Modulus 203 MPa
Yield Strength 345 MPa
Poisson’s Ratio 0.27
Fatigue Strength Coefficient 827 MPa
Fatigue Strength Exponent -0.09
h=0.2m D t=0.008m

b=0.08m

]
1

]
i
I

1

h=0.15m - t=0.005m

=

b=0.06m

Fig. 3 Finite Element Model of Truck Frame

1.36m 1.70m
I | [
I T i 1
1.01m 4.50m 1.20m
@ : Suspension A : Cabin O : Loading Area

Fig. 4 Location of Applied Force
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Table 2 Fatigue Life of Truck Frame

Element Node Fatigue
No. No. Life
22 (104) 95 (12) 1.3705E06
21 (103) 95 (12) 1.3720E06
23 (105) 107 (24) 2.3870E06
22 (104) 107 (24) 2.3870E06

Table 3 Design Variables for Structure Reinforcement

. Lower | Initial | Upper =
Variables Limit | Value | Limit =

h, 0.180 | 0.200 | 0.220 Section of

b, 0.072 | 0.080 | 0.088 Element

22 & 104

t 0.007 | 0.008 | 0.009

h, 0.180 | 0.200 | 0.220 Section of

b, 0.072 | 0.080 | 0.088 Element

t, 0.007 | 0.008 | 0.009 21 & 103

Table 4 Sensitivities on the variations of Ax

Variations ON 0o a(loglo N f(l))
(Ax) oh, oh,
1% 1.31100E08 37.77614
5% 1.86780E08 37.34380
10% 3.00710E08 36.57269
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1.4x10°F
1.2x10°F
1.0x10° £
8.0x10" F
6.0x10 F
4.0x10" £
2.0x10" F

Fatigue Life of Fracture Point 1, Cycles

M/T/ .
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h|,m

Fig. 6 Variation of the Fatigue Life of Element 22
on the variation of h; [Linear Scale]

Fatigue Life of Fracture Point 1, Cycles

0.14 0.16 0.18 0.20 0.22 0.24 0.26
h‘, m

Fig. 7 Variation of the Fatigue Life of Element 22
on the variation of h; [Log Scale]
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