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Optimization of TIG-MIG hybrid welding of 316L austenitic stainless steel
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Abstract

In the TIG-MIG hybrid welding, higher weld efficiency and better weld quality are obtained with respect to each
individual TIG and MIG welding methods. Moreover, in this method, the MIG arc is more stable in pure argon
shielding gas. Therefore, in this study, the influence of TIG-MIG hybrid welding parameters on the welds appearance
quality and welds depth to width ratio of a 316L austenitic stainless steel wasinvestigated using optimum parameters of
Taguchi design of experiments (DOE). Microstructure of the heat affected zone (HAZ) obtained from the hybrid
welding was compared with those of each individual MIG and TIG welding techniques under equal heat-input
condition. The results indicated that the most important parameter in the hybrid method to obtain the best appearance
quality and the highest depth to width ratio is the distance between the two arcs. The MIG and TIG currents are the next
influencing parameters. The width of HAZ and the size of constituent grains in hybrid welding with optimum
parameter, were smaller than those of each individual TIG and MIG processes due to the higher associated cooling rate
in the hybrid welding technique.

K eywords. Austenitic stainless sted, TIG-MIG hybrid welding, TIG welding, MIG welding.
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1- Dual bypass gas metal arc welding

2 - Double submerged arc welding

3 - Bypass current double side arc welding
4 - Tungsten inert gas - Metal inert gas
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Element C Si Mn P S

Cr Mo Ni Co Cu N Fe

Base (316L) 003 05
Filler (ER 316L) 0.02  0.54

143 001 0.006
2.10 0.03 0.004

1730 216 1024 022 041 0024 Balance

1842 257 11.59 - 0.14 - Balance
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Level Factors
evels
Ou(deg) M. (mm) Iv (A) Iy (A) h (mm) B(deg) d (mm)
1 20 12 170 210 3 20 2
2 30 16 190 230 5 30 5
3 40 20 210 250 7 40 8
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Experimental

Factors

Quality D/W
number By (deg) My (mm) Iy (A) Ii(A) h(mm) 6r(deg) d(mm)

1 1 1 1 1 1 1 1 1 0.12
2 1 1 1 1 2 2 2 4 0.17
3 1 1 1 1 3 3 3 1 0.15
4 1 1 2 2 1 1 1 1 0.13
5 1 2 2 2 2 2 2 4 0.18
6 1 2 2 2 3 3 3 1 0.16
7 1 3 3 3 1 1 1 2 0.19
8 1 3 3 3 2 2 2 5 0.23
9 1 3 3 3 3 3 3 4 0.22
10 2 1 2 3 1 2 3 1 0.21
11 2 1 2 3 2 3 1 1 0.15
12 2 1 2 3 3 1 2 4 0.20
13 2 2 3 1 1 2 3 2 0.18
14 2 2 3 1 2 3 1 2 0.13
15 2 2 3 1 3 1 2 3 0.18
16 2 3 1 2 1 2 3 2 0.17
17 2 3 1 2 2 3 1 1 0.11
18 2 3 1 2 3 1 2 3 0.16
19 3 1 3 2 1 3 2 3 0.20
20 3 1 3 2 2 1 3 1 0.18
21 3 1 3 2 3 2 1 2 0.14
22 3 2 1 3 1 3 2 3 0.21
23 3 2 1 3 2 1 3 2 0.18
24 3 2 1 3 3 2 1 1 0.14
25 3 3 2 1 1 3 2 2 0.17
26 3 3 2 1 2 1 3 1 0.15
27 3 3 2 1 3 2 1 1 0.11

Influence on weld appearance
Influence on depth to width ration

Optimized factor
Optimized parameters

d>ly> >0y >6>M> h
d > Iy > Iy> h=0>0>M,,.

1 3 3 3 2 2 2

d=5mm,l d=5mm, ly=210A, I;=250 A, Oy=20°,6,=30°, M,,.=20 m
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Main Effects Plot for SN ratios
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H, H,
Welding Parameters MIG, MIG, TIG
MIG TIG MIG TIG

Current (A) 210 250 210 250 210 210 250
Voltage (V) 31.2 19 31.2 19 31.2 49 19
Shielding gas flow (L/min) 12 12 0 12 12 12 12
Welding speed (cm/min) 25 25 16 25 11.65
Heat input (kJ/cm) 17.304 17.304 17.2 17.287 17.124
Depth (mm) 245 3 1.81 3.08 1.94
Width (mm) 10.64 13.6 15.03 20.17 16.82
Depth/Width 0.23 0.22 0.12 0.15 0.12
HAZ width (mm) 233 2.58 3.53 3.41 3.59
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