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Table 1 Welding parameters
JEE HL i i i) HLAR ) KB
S/mm IKA T(cycle) F/kN  ¢/(L-min ")
0.8 10 10 2.2 8
1.5 11 18 4.3 8
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Electrode imprint at different welding spot
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Fig. 2 Grayscale distribution of imprint image
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Fig. 3 Flowchart of imprint image preprocessing
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Fig. 4 Contrast of image processing before and after.
(a) processing before; (b) processing after
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Fig. 5 Sobeloperator. (a) 3 x 3 neighborhood; (b) g,; (c) g,
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Fig. 6 Imprint contour extraction. (a) original image;
(b) sobel edge detection; (c) suzuki edge
extraction
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Fig. 7 Ellipse-fitted imprint contour. (a) original image;
(b) edge extraction; (c) ellipse-fitted
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Table 2 Error table of fitted and actual parameters

A CB(pixel) C(pixel) EB(pixel) E(pixel) Su(%) a,(%)
1 68052 71952 66727 72999 1.46 -1.95
2 92518 105656 90313 105944 0.27 -2.38
3 88185 113235 86966 113587 0.31 -1.38
4 77589 115641 76085 115956 0.27 -1.94
5 90372 127984 88529 129302 1.03 -2.04
6 106734 139384 103446 140878 1.07 -3.08
7 109772 145838 107258 147366 1.05 -2.29
8 122812 158875 120196 159532 0.41 -2.13
9 117724 159088 114032 160043 0.60 -3.14
10 122310 158223 119829 159563 0.85 -2.03
*3 $%¥iESH a, b, EB, S5 d ZEMEEMES
Table 3 Correlation analysis table between characteristic parameters a, b, EB, S and d
28 EB a b E N d
EB 1 0.917 0.933 0.941 0.663 0.928
a 0.917 1 0.988 0.994 0.898 0.997
b 0.933 0.988 1 0.996 0.878 0.997
E 0.941 0.994 0.996 1 0.878 0.998
S 0.663 0.898 0.878 0.878 1 0.890
d 0.928 0.997 0.997 0.998 0.890 1
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Table 4 d, S and D correlation coefficient table

E 2 d S
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