N7 A e s =T AHE, A24A 1035, pp. 2581~2588, 2000 2581

12 3AF e FAY 44 A% AY H &3
3 ¥4 459 a8 47

x =2

=2 F.0 M ¢

*k

0|

(2000d 349 159 H4)

Weld Quality Assurance Method using Statistical Analysis of Primary
Dynamic Resistance During Resistance Spot Welding

Yongjoon Cho and Sehun Rhee

Key Words :

Resistance Spot Welding (313} & £7), Primary Dynamic Resistance (1 X} 53},

Regression Analysis(Z] 7 #41), Correlation (& & A)), Quality Estimation(EF 3 #T).

Abstract

In previous studies, the dynamic resistance, which was calculated by the process variables measured at the
electrode of the welding machine, and the electrode displacement were used for quality examination.
However, in-process usage of such systems is not effective in systems that include a welding gun attached to a
robot. In order to overcome such problems, we obtained and used the process variables from the welding
machine timer. This would allow us to estimate real time in -process weld quality. For quality estimation, the
features were extracted as factors from the primary dynamic resistance patterns, which were measured in t he
welding machine timer. The relationship between the indexes and nugget size of the welds was observed
through the regression analysis. Using the analyzed factors, a regression model that could estimate nugget
diameter was developed. Two regression equat ions of the model were suggested depending on the factors, and
it was showed that the model developed by stepwise method was effective one for weld quality estimation.
The developed estimation model was in good linearity with the nugget diameter obtained t hrough the

experimentation.
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Table 1 Chemical composition of base materials (wt %)

C Si Mn P S Fe
0.0032 0.002 0.065 0.009 0.008 Bal.
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Table 2 Correlation matrix of independent variables

YY . X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
YY 1.000  -.0987 0914 0.929 0.648 0.784  -0.554  -0.652  -0.115 0.726 0.781
X1 -0.987 1.000 -0.905 -0917 -0.653 -0.804  0.585 0.625 0.111 -0.727  -0.786
X2 0914  -.0905 1.000 0.980 0.880 0.721 -0.397  -0.780  -0422  0.678 0.909
X3 0.929 -0917 0.980 1.000 0.822 0.743 -0410 -0.753  -0.328  0.696 0.869
X4 0.648 -.0653 0.880 0.822 1.000 0.522  -0236 -0.721 -0.679  0.524 0.914
X5 0.784  -0804  0.721 0.743 0.522 1.000  -0.780  -0.251 0.185 0.910 0.717
X6 -0.554  .0585 -0.397 0410 -0.236 -0.780 1.000  -0.103 -0.376 -0.758  -0.465
X7 -0.652 0625 20.780 0753 0721 -0251 -0.103 1.000 0.617 -0.186  -0.632
X8 -0.115 .0111 -0422 -0.328 -0.679  0.185 -0376  0.617 1.000 0.142  -0.424
X9 0.726  -.0727  .0678 0.696 0.524 0910 -0.758 -0.186  0.142 1.000 0.708
X10 0.781 -.0786 .0909 0.869 0.914 0.717 -0.465 -0.632 -0424  0.708 1.000
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Table 3 Significant probabilities of regression coefficient for model 1

Constant X1 X2 X4

X5 X6 X7 X8 X9

X10

Sig. T  1.646E-06 1.670E-10 1.333E-4 00112

0.0649

03060  0.2521 02096  0.0686  0.5689

Table 4 Entered variables. and significant probabilities of regression coefficient for the stepwise regression

analysis for model I

Entered factors

R Std. qur
Constant - X1 X2 X3 X4 of the estimate
Model I1I-1 1.01E-54 1.06E-39 - - - 0.974 0.2606
Model II-2 1.81E-27 3.66E-20 - 0.00652 - 0.978 0.2432
Model 11-3 5.28E-25 6.99E-18 - 9.47E05 0.00455 0.981 0.2253
Model 11-4 2.19E-21 . 7.02E-14 0.01066 0.32559 0.00019 0.984 0.2115
Model 1I-5 7.67E-22 4.09E-14 4.78E-06 - 4.16E-05 0.984 0.2113
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Table 5 Standardized regression coefficients for the
Model II-5

X1 X2 X4

Standardized

. . -0.680 0.524
regression coefficients

-0.257
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