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A Study on Optimal Spot-weld Layout Design of the Shock Tower Structure
Considering Fatigue Life under Random Vibration Load.
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ABSTRACT

In this paper, optimal spot weld layout design of the shock tower structure is performed for
increasing fatigue life of spot weld and fatigue life of shock tower simultaneously. To predict the
fatigue life, linear static analysis is conducted then fatigue analysis is performed by applying
random vibration load. To optimize the spot weld layout, design variables that have an effect on spot
weld fatigue life are selected. Based on the DOE table, spot weld fatigue analysis is conducted.
Finally, response surface model is made from fatigue analysis results and optimized spot weld
layout model which increases fatigue life of spot weld and fatigue life of shock tower is determined.
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Fig. 5 Result of spot weld fatigue analysis

3. 84 AXHH HAl

= 57h7)

3.1 47 4 MY

S R L X L E EICE
E o5 u Y4 Ay vsE 2
ozZx Ao utel W FEFHo] WkE HEH
e

_4

6719 A8l 7 ¥

2! o]

& A5 m P B8 94 4407
B EE Aee F7kE A st
J_g_z%g ;ﬂﬂ@oi;}q

z]— x%.g.ﬂ 7}4 7]—7ﬂ°

20mmo| ™ 87]1¢] *%@2 F7rete] & 14719 A



& /e F4E MRS g oR 9 R
Faatolom Fig 70 7159 A&7 F7Hd
%34 AAE verddch
Z 14719 HEA AART 1~147HA4 WEE
Folskal HE8H F=aME T8l om Table 1
of A3sE Aesigitt. 24 A& PRFHs A
i%i‘ﬂ gte] 8ol ek el Tk @
S 7T AL Table 12 E8) & 5 Ak 7)E

nzi 2x ol
mlo b2

67H o] A-8# (Original) S ALEka F7FE 8(new) N
o AR T vzl & £MR 710,13 e
e AR AAsolt g0 Add A
Fig 83} #th.

AT o7le] el 914

Fig. 6 Location of original spot weld

Q: Original spot weld
# : Added spot weld
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Fig. 8 Location of design variables

Table 1 Spot weld fatigue analysis results

Design variable Life repeats km
1(original) 1.0x10"° 8.7x10°
2(original) 7.8x10° 6.5x10”
3(original) 2.5x10° 2.1x10°
4(original) 7.4x10* 6.0x10'
5(original) 3.8x10° 3.1x107
6(original) 5.6x10° 4.7x10°

7(new) 2.6x10° 2.2x10°
8(new) 2.2x10° 1.8x10°
9(new) 1.8x10° 1.5x10°
10(new) 3.5x10° 2.9x10°
11(new) 1.3x10" 1.0x10°
12(new) 1.1x10" 9.4x10°
13(new) 7.3%x10° 6.0x10'
14(new) 1.8x10° 1.5x10°
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Fig. 10 Result of spot weld fatigue analysis(base model)
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Fig. 11 Location of new design variables

Table 2 Design of experiment for Box-Behnken design
Case | DV2 | DV3 | DV3 | Case | DV4 | DV5 | DV6
1 00 | 00 | 00 16 00 | 50 | -5.0
2 50 | -50 | 00 17 00 | 00 | 00
3 50 | 00 | -50 18 | -50 | -50 | 0.0
4 50 | 00 | 50 19 50 | 50 | 00
5 50 | 00 | 5.0 20 00 | 00 | 00
6 -50 | -5.0 | 0.0 21 50 | 50 | 00
7 00 | 50 | 50 | 22 00 | 50 | 50
8 50 | 50 | 0.0 23 50 | 0.0 | -5.0
9 S50 | 00 | 50 | 24 00 | -50 | -5.0
10 00 | 00 | 00 25 50 | -50 | 00
11 00 | -50 | 50 26 00 | -50 | 50
12 00 | -50 | -50 | 27 00 | 00 | 50
13 | -50 | 50 | 0.0 28 50 | 00 | 50
14 00 | 00 | 00 29 00 | 50 | 50
15 | -50 | 00 | -50 | 30 | -50 | 00 | 50
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Table 3 Comparison between base model and RSM

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

Table 4 Comparison between analysis and RSM

Spot weld A B C
Analysis 8.3x10° 17x10* | 3.1x10°
RSM 8.1x10° 1.8x10* 2.9x10°
Error 1.9% 2.6% 6.1%
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