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Study on the Optimization of Pulse GTAW Process for Diaphragm with Thin Thickness
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Abstract

This paper has aimed to prevent excessive heat input by controlling arc distribution and heat input
capacity with pulse GTAW in order to improve weld quality in 0.08mm pressure gauge diaphragm and
flange welding parts. A design of experiment was designed using Box-Behnken method to optimize a
welding process. The pulse GTAW parameters such as pulse current, base current, pulse duty, frequency
and welding speed were set to input variables while hydraulic pressure that represents welding
characteristics in diaphragm and flange joint were set to output variables. Based on the test result, a
second regression equation was obtained between input and output variables and turned out significant.
Besides, an influence of parameters has been confirmed through response surface analysis using the
second-order regression equation and optimum welding condition was obtained through a grid-search
method. The optimum welding condition was set to pulse current 84.4(A), base current 29.6(A), pulse duty
58.8(%), frequency 10(%), and welding speed 596(mm/min). Then, decent bead shape was acquired with
no excessive heat input under the 2.31(gf/cm2 of hydrostatic pressure.
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Fig. 1 Shape and inner structure of diaphragm
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Fig. 2 Fail type of diaphragm pressure gauge
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(b) Flange

(a) Diaphragm

Fig. 8 Shape of diaphragm and flange
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Table 1 Thickness and diameter of components

Component | Material | Thickness(mm) | Diameter(mm)
Diaphragm | STS316 0.08 70
Flange STS316 9 90

Table 2 Chemical composition of STS316(wt %)

STS316

C Cr Fe Mn | Mo Mi P S Si

0.08 | <18 | 62 2 3 (4 10.045(003] 1

0.08mm,

9mm .
Diaphragm

Flange

Fig. 4 Experiment set-up for pulse GTAW
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Fig. 5 Parameters of pulse GTAW process
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Table 3 Factors and levels for experimental design

Pulse Base | Pulse Frequency Welding
Level | Current | Current | Duty Speed
(A) (A) (%) (Hz) {mm/min)
-1 70 20 30 10 500
0 80 30 50 20 600
1 90 40 70 30 700

X

+1

-1 +1

Fig. 6 Box-Behnken design
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Table 4 Experimental design of Box-Behnken

method
Pulse Base Pulse Frequency Welding
NO. | Current | Current | Duty Speed
(A) (A) (%) (Hz) |(mm/min)
1 80 20 50 10 600
2 80 30 50 10 700
3 80 30 50 20 600
4 80 40 50 10 600
5 90 40 50 20 600
6 80 30 50 30 500
7 70 30 50 20 700
8 80 30 30 20 700
9 80 40 50 20 700
10 80 20 70 20 600
11 80 30 30 20 500
12 80 20 50 20 700
13 70 30 50 10 600
14 90 30 50 30 600
15 80 30 70 10 600
16 80 40 50 20 500
17 80 30 50 20 600
18 70 30 50 30 600
19 90 30 50 20 700
20 90 30 70 20 600
21 80 30 70 20 500
22 80 40 50 30 600
23 80 40 30 20 600
24 90 30 50 20 500
25 90 30 30 20 600
26 80 30 30 10 600
27 70 30 70 20 600
28 80 30 50 20 600
29 70 30 50 20 500
30 80 30 50 20 600
31 70 20 50 20 600
32 80 30 50 30 700
33 80 30 70 30 600
34 80 30 50 20 600
35 80 20 30 20 600
36 80 30 70 20 700
37 70 40 50 20 600
38 80 30 30 30 600
39 80 20 50 20 500
40 90 20 50 20 600
41 80 20 50 30 600
42 80 30 50 10 500
43 70 30 30 20 600
44 80 40 70 20 600
45 80 30 50 20 600
46 90 30 50 10 600
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Fig. 7 Hydraulic pressure test

Table 5 Result of hydraulic pressure test

Hydraulic Hydraulic Hydraulic
NO. | Pressure || NO. | Pressure | NO. | Pressure
(kef/cm®) (kef/cm®) (kef/cm®)
1 1.89 17 1.88 33 1.65
2 2.37 18 1.75 34 2.37
3 1.73 19 1.55 35 2.04
4 1.71 20 1.87 36 1.57
5 1.63 21 1.58 37 1.49
6 1.95 22 1.71 38 1.92
7 1.62 23 1.87 39 1.54
8 1.39 24 1.67 40 1.87
9 1.78 25 1.59 41 2.01
10 1.68 26 1.73 42 2.07
11 2.01 27 1.23 43 1.41
12 1.27 28 1.92 44 1.73
13 1.98 29 1.09 45 1.89
14 1.64 30 2.23 46 2.03
15 2.17 31 1.74
16 1.25 32 2.37
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Table 6 ANOVA of hydraulic pressure

Source of | Degree of | Sum of | mean
. FQ F
variance | freedom | squares | squares
Regression 20 2702 1 0.1351 | 2.14 | 2.03
Error 25 1.5761 | 0.06305
Total 45 4.2781
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Fig. 8 Response surface of pulse duty and pulse
current
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Fig. 9 Response surface of welding speed and
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Table 7 Optimal condition of pulse GTAW

Pulse Base Pulse Welding |Hydraulic

Frequency
Current | Current| Duty Speed

Pressure

A (A) (%) (Hz) |(mm/min)| (kef/ci)

84.4 29.6 58.8 10 596 2.388
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(a) Shape of bead

(b) Bead section

Fig. 10 Bead shape and bead section of optimal
condition
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