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Abstract

Due to the environmental problem, automotive companies are trying to reduce the weight of car body. Therefore,
TRIP(TRansformation Induced Plasticity) steels, which are high strength and ductility have been developed. The
application of the TRIP steel to the members has been reported to increase the energy absorption capability.

Welding process is a complex process; therefore deciding the optimal welding conditions is an effective method on
the basis of the experimental data. However, using a trial-and-error method from the beginning in such a wide area, in
order to decide the optimal conditions requires too many numbers of experiments. To overcome these problems and to
decide the optimal conditions, response surface methodology was used. Response surface methodology is a collection of
mathematical and statistical techniques that are for the modeling and analysis of problems in which a response of
interest is influenced by several variables and the objective is to optimize this response. The introduced method was
applied to the resistance spot welding process of the TRIP steel and the welding parameters were optimized.
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Table 1 Chemical compositions of TRIP- (wt %)

C Si Mn P Fe

0.982 1.46 0.77 Bal.
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Table 2 Factors and levels for experimental design

Factor Factor name 1 0 L
level | level | level
£ welding force (kN) 4.12 | 3.63 | 3.14
£ welding current (kA] 7 8 9
£3 welding time (cycle) 7 11 15
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Table 3 Modified central composite design and experimental result

Natural variables Coded variables Response

1o S| S S adl X2 X3 U S

1 4.12 7 7 -1 -1 -1 0.10 11.99
2 3.14 7 7 1 -1 -1 0.05 11.40
3 4.12 9 7 -1 1 -1 0.95 12.67
4 3.14 9 7 1 1 -1 0.50 12.51
5 4.12 7 15 -1 -1 1 0.25 13.40
6 3.14 7 15 1 -1 1 0.25 13.37
7 4.12 9 15 -1 1 1 0.80 12.89
8 3.30 8.7 13 0.7 0.7 0.7 0.40 14.00
9 4.12 7 11 -1 0 0 0.30 13.75
10 3.14 7 11 1 0 0 0.35 13.74
11 3.63 9 11 0 -1 0 0.20 13.41
12 3.63 9 11 0 1 0 0.50 13.43
13 3.63 8 7 0 0 -1 0.15 12.37
14 3.63 8 15 0 0 1 0.35 14.18
15 3.63 8 11 0 0 0 0.30 13.93
16 3.63 8 11 0 0 0 0.30 13.85
17 3.63 8 11 0 0 0 0.30 13.90
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Table 4 Analysis of variance for the regression model
of shear strength

Source of | Degree of | Sum of Mean F
variance freedom squares squares 0
regression 9 9.588 1.065 16.409
error 7 0.455 6.493E-02
total 16 10.043

Table 5 Analysis of variance for the regression
model of indentation

Sum of

Mean

Source of | Degree of F
variance freedom squares squares 0
regression 9 0.763 8.481E-02 | 6.518
error 7 9.109E-0.2| 1.301E-02
total 16 0.854
g 5 gk ¥ AFolA A 2EeR ARE
o} eExRZlo] B7HA g BT WEAT|e &4HA
B SRR, 19E 24 29 QElA, o 29
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Fig. 2 Result of desirability function for shear
strength

Desirability function for shear strength

0

Current i Time

Fig. 3 Result of desirability function for indentation
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Overall desirability function

0

05
Time

Current 1A

Fig. 4 Result of overall desirability function
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