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Factor Analysis for Determining Gas Tungsten Arc
Welding Procedure in Order to Reduce Weld
Cracking of Cold Work Tool Steel SKD 11
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Abstract
This research is to study the factors which affect the welded cracking of the cold work tool
steel SKD11. The objective of this research is to determine the form and procedure issue in GTAW
welding process which actually got problem about welded cracking after welding repair. The
experimental design of 2* full factorial with 4 factors affecting the welded cracking, the welding
current, the welding speed, the angle of Tungsten electrode and the warming temperature before

welding were studied. The response was the percent cracking with limited range. The Arcsin ﬁ

transformation was applied to the responses. The new data was the normal distribution or nearby. The
mean and the variance of the transform data were independent. After that the Box-Behnken experiment
design were used to analyze for each of the optimum factors.

The result showed that the optimum condition for welding the cold work tool steel SKD11
which can be used to control the welded cracking was the high of welding current 175 Ampere, the
high welding speed 200 centimetre per minute, and the high warming temperature before welding 450
degree Celsius. The angle of Tungsten electrode did not effect to the welded cracking statistically.
The confirming experiment showed that there was no welded cracking appear.
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fduit deui mszauilede wano (y)

MINABDY MInAaeg A B c D nlefidud Aulag (yt)

MATTIU UMY (wouml$) (iwudmns/ani) (o3r) (oarnimaiue) 5001AN31N (Arcsin \/;)
1 15,31 135() 200 (+) 90 (+) 450 (+) 30.63, 37.50 0.59, 0.66
2 193 135 () 200 (+) 60 () 350 (-) 15.13, 50.00 0.40,0.79
3 1026 175 (+) 150 () 60 () 450 (+) 35.00, 31.25 0.63,059
4 13,29 135 () 150 (9 90 (+) 450 (+) 30.00, 75.50 0.58, 1.053
5 5,21 135 () 150 (9 90 (+) 350 (-) 90.63,93.75 1.26,1.32
6 16,32 175 (+) 200 (+) 90 (+) 450 (+) 0.00, 2.00 0.00,0.14
7 26 175 (+) 150 (9 90 (+) 350 (-) 25.00, 46.88 052,075
8 14,30 175 (+) 150 () 90 (+) 450 (+) 0.00, 12.50 0.00,0.36
9 17,1 135 () 150 () 60 () 350 () 93.75, 100.00 132,157
10 182 175 (+) 150 () 60 () 350 () 1875, 10.25 0.45,0.33
11 12,28 175 (+) 200 (+) 60 () 450 (+) 10.13, 20.63 032,047
12 7,23 135 () 200 (+) 90 (+) 350 () 45.38, 84.38 0.74,1.16
13 8,24 175 (+) 200 (+) 90 (+) 350 () 25.00, 45.00 052,074
14 25,9 135() 150 () 60 () 450 (+) 46.88,78.13 0.75,1.08
15 20,4 175 (+) 200 (+) 60 (-) 350 () 35.00, 37.50 0.63,0.66
16 11,27 135 () 200 (+) 60 (-) 450 (+) 10.00, 5.625 0.32,0.406

37




v a o 4
A. 917U UaT LAATNUINY

A 4 @
a1319 3 MInazvanuulsdsmlumsidenilede
C!'C! 1 1 Q a Q(d'
nmanenslszananseny wazamdulszans f
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Term Effect Coef SE Coef T P
Constant 0.6602 0.0317 20.83 0.00
A -0.4294 -0.2147 0.0317 -6.77 | 0.000
B -0.2518 -0.1259 0.0317 -3.97 | 0.001
C -0.0204 -0.0102 0.0317 -0.32 | 0.751
D -0.3243 -0.1622 0.0317 -5.12 | 0.000
A*B 0.2329 0.1165 0.0317 3.67 0.002
A*C -0.1104 -0.0552 0.0317 -1.74 | 0.101
A*D 0.0644 0.0322 0.0317 1.02 0.325
B*C 0.0892 0.0446 0.0317 1.41 0.179
B*D -0.0167 -0.0083 0.0317 -0.26 | 0.796
C*D -0.1303 -0.0652 0.0317 -2.06 | 0.057
A*B*C -0.1298 -0.0649 0.0317 -2.05 | 0.057
A*B*D -0.1269 -0.0635 0.0317 -2 0.062
A*C*D -0.1183 -0.0592 0.0317 -1.87 0.08
B*C*D 0.0276 0.0138 0.0317 0.43 0.67
A*B*C*D 0.0661 0.033 0.0317 1.04 0.313
$=0.179294 R-Sq=88.63% R-Sq(adj) =

77.98%
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& & mszavilade Hano (Y)

MInAand MInAand A B D wlesifud Aunlag (yt)

nAsgI - (woumnl$) (1udmas/Ai) (oemusaiTue) Souuandn (Arcsin \/;)
1 7,22 135 (-1) 175 (0) 450 (1) 46.88,37.50 0.75,0.66
2 14,29 155 (0) 175 (0) 400 (0) 37.50,50.31 0.66,0.79
3 26,11 155 (0) 150 (-1) 450 (1) 56.25,37.50 0.85,0.66
4 3,18 135 (-1) 200 (1) 400 (0) 81.25,93.75 112,1.32
5 238 175 (1) 175 (0) 450 (1) 0.00,0.00 0.00,0.00
6 20,5 135 (-1) 175 (0) 350 (-1) 68.75,50.00 0.98,0.79
7 4,19 175 (1) 200 (1) 400 (0) 0.00,0.00 0.00,0.00
8 9,24 155 (0) 150 (-1) 350 (-1) 40.63,50.00 0.69,0.79
9 12,27 155 (0) 200 (1) 450 (1) 37.50,25.00 0.66,0.52
10 1,16 135 (-1) 150 (-1) 400 (0) 75.00,81.25 1.051.12
11 25,10 155 (0) 200 (1) 350 (-1) 50.00,81.25 0.79,1.12
12 6,21 175 (1) 175 (0) 350 (-1) 6.25,12.50 0.25,0.36
13 2,17 175 (1) 150 (-1) 400 (0) 10.63,3.75 0.33,0.19
14 28,13 155 (0) 175 (0) 400 (0) 28.13,75.00 0.56,1.05
15 15,30 155 (0) 175 (0) 400 (0) 25.00,20.00 0.52,0.46
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5330319 (Uncoded Units)

Term Coef SE Coef T P
Constant -28.9745 3.75468 -7.7170 0.000
A 0.2163 0.03295 6.5640 0.000
B 0.1194 0.01679 7.1110 0.000
D 0.0236 0.00529 4.4630 0.000
A*A -0.0006 0.00010 -5.7920 0.000
A*B -0.0004 0.00008 -4.7520 0.000
B*D -0.0002 0.00003 -5.1510 0.000

S=0.1064 R-Sq=94.3% R-Sq(adj)=92.8%
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