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A Study on the Overlay Welding Process Optimization
of GTAW by Double Torch
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Abstract In this study, GTAW was carried out on austenitic STS316 stainless steel. Overlay welding with the
stellite-base filler metal was implemented using a double torch. The response variable was calculated on the measured
Vickers hardness for process optimization using the Taguchi method and its response variable was then analyzed about
effect on overlay welding characteristics. The optimal process design by the Taguchi method is extremely effective
in the overlay welding process for the multiple response variables. In addition, the effects of contribution rate about
each response variable was analyzed easily. The conditions of the optimal process were 105A, 18V, pre-heat treatment
at 200C, and post weld heat treatment at 100°C. The Vickers hardness of the specimens produced under the optimal
condition of GTAW by the double torch was 8.19% higher than that by a single torch.
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Table 1. Evaluation characteristic with chosen parameters and levels

Factors Symbol Level of factors
1 2 3 4
Current [A] A 90 95 100 105
Voltage [V] B 12 14 16 18
Preheat temperature [T] C 20C 100 200 300
Postheat temperature [C] D 20C 100 200 300
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Table 2. Orthogonal array (L16) for experiments

Trial No. Factors
A B C D
1 1 (90A) 1 (12V) 1 (20C) 1 (20C)
2 1 (90A) 2 (14V) 2 (100C) 2 (100C)
3 1 (90A) 3 (16V) 3 (200C) 3 (200C)
4 1 (90A) 4 (18V) 4 (300°C) 4 (300C)
5 2 (95A) 1 (12V) 2 (100C) 3 (200C)
6 2 (95A) 2 (14V) 1 (20C) 4 (300°C)
7 2 (95A) 3 (16V) 4 (300C) 1 (20C)
8 2 (95A) 4 (18V) 3 (2007C) 2 (100C)
9 3 (100A) 1 (12V) 3 (2007C) 4 (300C)
10 3 (100A) 2 (14V) 4 (300C) 3 (2007C)
11 3 (100A) 3 (16V) 1 (20C) 2 (100C)
12 3 (100A) 4 (18V) 2 (100C) 1 (20C)
13 4 (105A) 1 (12V) 4 (300C) 2 (100C)
14 4 (105A) 2 (14V) 3 (200C) 1 (20C)
15 4 (105A) 3 (16V) 2 (100C) 4 (300C)
16 4 (105A) 4 (18V) 1 (20C) 3 (200C)
Table 3. Comparison of vickers hardness with experimental conditions
Trial No. Ist 2nd e (19 3rd Average S/N Ratio
1 412 418 420 416.67 52.396
2 428 422 432 42733 52.615
3 430 438 428 432.00 52.710
4 440 442 428 436.67 52.803
5 418 420 420 419.33 52.451
6 422 415 419 418.67 52.437
7 420 424 424 422.67 52.520
8 438 432 442 437.33 52.816
9 442 445 440 44233 52.915
10 447 444 444 445.00 52.967
11 446 446 444 44533 52.974
12 442 448 447 445.67 52.980
13 448 442 449 446.33 52.993
14 455 448 456 453.00 53.122
15 449 446 448 447.67 53.019
16 446 448 446 446.67 53.000
Table 4. Sum of response variables with level of factors
Level of factors A B C D
1 210.524 210.755 210.807 211.018
2 210.225 211.142 211.066 211.398
3 211.836 211.222 211.563 211.128
4 212.134 211.599 211.283 211.174
Total 844.719 844.719 844.719 844.719
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Table 5. Optimum level of factors and the condition
condition

Table 6. Sum of squares and contribution rate analysis in optimum level of factors

Table 7. Comparison of Vickers hardness with experimental conditions
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