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ABSTRACT

In this paper, optimal spot weld layout design for a shock tower structure is presented. This de-

sign increases the fatigue life of the spot-welds thereby increasing the fatigue life of the shock tower

itself. In order to predict the fatigue life, a quasi-static analysis has been conducted then a fatigue

analysis was performed through the application of random vibration loads. In order to optimize the

spot weld layout,

the design variables that have an effect on the spot weld fatigue life were

determined. A spot weld fatigue analysis was then conducted based on the experiment design.

Finally, a response surface model was made using the fatigue analysis results and an optimized spot

weld layout model, one that increases the fatigue life of the spot welds and thereby the fatigue life

of the shock tower, was developed.
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Table 1 Spot weld fatigue analysis results

Design variable Life repeats km
1(original) 1.0x10" 8.7x10°
2(original) 7.8%10° 6.5x10
3(original) 2.5x10° 2.1x10°
4(original) 7.4x10" 6.0x10"
5(original) 3.8x10° 3.1x10
6(original) 5.6x10° 4.7x10°

7(new) 2.6x10° 2.2x10°
8(new) 2.2x10° 1.8x10°
9(new) 1.8x10° 1.5%10°
10(new) 3.5%10° 2.9x107
11(new) 1.3x10" 1.0x10°
12(new) 1.1x10" 9.4x10°
13(new) 7.3%10" 6.0x10'
14(new) 1.8x10° 1.5x10°
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Polynomial approximation
Fatigue life of spot weld A
=345168 - 1029944x - 73677y + 218805z 2)
+ 1377437 +115223y" - 2016222
-34902xy - 219379xz + 85179yz

Fatigue life of spot weld B
=13203 - 460x + 2023y + 3054z + 2648x" 3)
+7638)° - 30072 - 63xy + 8489xz + 5046y

Fatigue life of spot weld C
=156499 + 20283x - 8440y + 26348z + 15964x
-26002y" + 775582 + 7732xy + 22422xz
+107749yz

4

X, y, z =movement of spot weld A, B, C
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Fig. 11 Location of new design variables

Table 2 Design of experiment for Box-behnken de-

sign
Case | DV2 | DV3 | DV3 | Case | DV4 | DV5 | DV6
1 0.0 0.0 0.0 16 0.0 5.0 -5.0
2 50 | -5.0 0.0 17 0.0 0.0 0.0
3 -5.0 0.0 | -5.0 18 | -50 | -5.0 0.0
4 5.0 0.0 5.0 19 5.0 5.0 0.0
5 -5.0 0.0 5.0 20 0.0 0.0 0.0
6 -5.0 | -5.0 0.0 21 5.0 5.0 0.0
7 0.0 50 | -5.0 22 0.0 5.0 5.0
8 -5.0 5.0 0.0 23 5.0 0.0 -5.0
9 -5.0 0.0 | -5.0 24 0.0 -5.0 | -5.0
10 0.0 0.0 0.0 25 5.0 -5.0 0.0
11 0.0 -5.0 5.0 26 0.0 -5.0 5.0
12 00 | -50 | -5.0 27 0.0 0.0 5.0
13 -5.0 5.0 0.0 28 5.0 0.0 5.0
14 0.0 0.0 0.0 29 0.0 5.0 5.0
15 -5.0 0.0 | -5.0 30 | -5.0 0.0 5.0
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Table 3 Comparison of spot-weld fatigue life be-
tween the base model and the optimized

model
Spot weld A B C
Base model 3.5x10° 1.3x10* 1.6x10°
Optimized 8.1x10° 1.8x10* 2.9x10°
Increase 139.6 % 29.2 % 95.0 %

Table 4 Difference between analysis results and opti-
mized results

Spot weld A B C

Analysis 8.3x10° 1.7x10* 3.1x10°

Optimized 8.1x10° 1.8x10* 2.9x10°
Error 1.9% 2.6 % 6.1%
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