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Abstract

In this study, it was tried to analyze the effects of welding parameters on the weld penetration and
aspect ratio when a STS316L pipe was welded in a horizontal position by GTAW. Experiments were
systematically designed wusing a LI18 orthogonal array, and the effects of welding parameters were
statistically analyzed by ANOVA(Analysis of Variance). The shielding gas type has the largest effect on
both the penetration and aspect ratio. The welding current type and shielding gas flow rate have a little
effect on the penetration, whereas the electrode tip angle has a little effect on the aspect ratio. When
welded at a selected welding condition, which is composed of He shielding gas, pulse current of 300/45
A, electrode tip angle of 900, and shielding gas flow rate of 30 I/min, the estimated interval at least 95
% confidence was 1.99 = 0.18 mm for the penetration and 0.31 + 0.04 for the aspect ratio. From the
confirmation experiments, the average penetration and aspect ratio were well agreed with the estimation as
1.96 mm and 0.30, respectively. Additionally, the effects of the welding speed and welding current on the
penetration and aspect ratio were experimented and analyzed by linear regression. The penetration was
linearly increased with the decrease of the welding speed and with the increase of the welding current, but
the aspect ratio showed a tendency to a little decrease with the increase of both the welding speed and
current.
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Table 1 Welding parameters and their levels

Level
Parameter ! 2 3
Welding current type continuous pulse -
Electrode tip angle (degree) 30 60 90
Electrode-out from a nozzle (mm) 4 6 8
Shielding gas type Ar He-25%Ar He
Gas flow rate (I/min)(Ar, He-Ar, He) Low(10,18,20) Middle(15,23,25) High(20,28,30)
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Table 2 Experimental assignments of the parameters to a L18 orthogonal array, and their results

No Current Tip angle electrode Gas Gas flow Measured results
’ type (degree) out (mm) type (V/min) W(mm) P(mm) Aspect ratio
1 conti 30 4 Ar Low(10,18,20) 7.18 1.22 0.17
2 conti 30 6 He-Ar Mid(15,23,25) 9.00 1.27 0.14
3 conti 30 8 He High(20,28,30) 8.83 1.88 0.21
4 conti 60 4 He-Ar Mid(15,23,25) 8.75 1.44 0.16
5 conti 60 6 He High(20,28,30) 7.62 2.19 0.29
6 conti 60 8 Ar Low(10,18,20) 6.97 1.20 0.17
7 conti 90 4 Ar High(20,28,30) 6.05 1.55 0.26
8 conti 90 6 He-Ar Low(10,18,20) 8.13 1.49 0.22
9 conti 90 8 He Mid(15,23,25) 6.39 1.88 0.29
10 pulse 30 4 He Mid(15,23,25) 7.04 1.92 0.27
1 pulse 30 6 Ar High(20,28,30) 5.97 1.43 0.24
12 pulse 30 8 He-Ar Low(10,18,20) 8.11 1.25 0.15
13 pulse 60 4 He Low(10,18,20) 6.73 1.76 0.26
14 pulse 60 6 Ar Mid(15,23,25) 5.99 111 0.19
15 pulse 60 8 He-Ar High(20,28,30) 7.67 1.20 0.16
16 pulse 90 4 He-Ar High(20,28,30) 6.67 1.44 0.22
17 pulse 90 6 He Low(10,18,20) 6.56 1.74 0.27
18 pulse 90 8 Ar Mid(15,23,25) 574 131 023
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Fig. 2 Effects of welding parameters on the weld penetration and aspect ratio
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Table 3 ANOVA for the weld penetration and aspect ratio

Chr. Parameter 2Weld penetgation . Aspect rz;tio
D¢ SS*10° V*10° Fo Ro(%) | Df | SS*10° V*10° Fo Ro(%)
A Current Type 1 5.1 5.1 32 2.2 1) 0.5 0.5 - -
B Electrode tip angle 2) 2.6 1.3 - - 2 6.2 3.1 4.76 11.4
C Electrode out 2) 3.6 1.8 - - 2) 1.3 0.7 - -
D Shielding gas type 2 130.2 65.1 41.0 77.5 2 28.2 14.1 21.62 62.7
E Gas flow rate 2 9.5 4.8 3.0 3.9 2) 2.2 1.1 - -
F ERROR 2) 1.5 0.8 - - 2) 0.6 0.3 - -
G ERROR 2) 1.5 0.8 - - ) 0.2 0.1 - -
I ERROR ?2) 1.4 0.7 - - ) 0.6 0.3 - -
e error 2) 8.5 4.2 2) 3.0 1.5
(e) pooled error (12) (19.1) (1.6) 25.9 (13) (8.5) 0.7) 25.9
Total 17 163.9 100.0 17 429 100.0
Df: Degree of freedom(parentheses mean pooled), SS: Sum of square, V: Variance, Fo: F value,
F(1,12;0.05)=3.18, F(2, 12 ; 0.05)=2.81, F(2, 13 ; 0.05)= 2.76, Ro: Percentage contribution
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Table 4 Results of the confirmation experiments using the optimized welding conditions

Welding parameters Analysis results
Current Tip angle Electrode-out Gas type Gas flow penetration(mm)/aspect ratio
type(A) (degree) (mm) (Vmin) 1 2 Average
Conti.(200) 90 6 He 30 1.89/0.30 2.02/0.31 1.96/0.30
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