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Abstract

The GMA welding process involves large number of interdependent variables which may affect product
quality, productivity and cost effectiveness. The relationships between process parameters for a vertical weldment and
mechanical properties are complex because a number of process parameters are involved. To make the vertical-
position welding, a method that predicts bead geometry and accomplishes the desired mechanical properties
of the weldment should be developed. In addition, a reliable welding process and conditions must be implemented
to reduce weld structure failure. In this study, the welding process analysis of investigates the interaction
between the heat input and welding parameter(Welding current, Arc voltage, Welding speed) for predicting
the weldment hardness.
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Fig. 1 Experimental setup for vertical GMA welding
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Table 1 Mechanical properties of base metal

Material SS400
Tensile
Strength(N/mm?) 433
Yield
Point(kg/mm?) 245
Elongation(%) 25
Impact Value(kgm/cm?) 6.2

Table 2 Chemical properties of base metal(wt, %)

Material SS400
C 0.15
Si 0.15
Mn 0.597
P 0.013
0.007
Fe Bal.
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Table 3 Vertical GMA welding parameters and their
levels

Welding . Level
Parameter Symbol Unit 1 0 T

Table 4 Result of bead geometry

Welded Specimen [ Bead Geometry

Welding condition
(Welding current / Arc voltage / Welding speed)

Welding
Current
Arc
Voltage
Welding
Speed

A Amp 250 260 270

\Y Vol. 23 25 27

W/S cm/min | 46 53 60

+ CTWD : 15mm

+ Torch Angle : 15°

- Shielding Gas Ratio : 181/min

- Welding Direction : Down Hill Welding

+ Camera Angle : 15°

- Verticality Distance of Camera : 200mm
(Since Welding Torch)

- Horizontality Distance of Camera : 50mm
(Since Base Metal)

Fixed
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Fig. 3 Photos of measurement on the weld zone using a
thermal high-speed camera
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Fig. 4 Thermal energy of calculated on the weld zone us-
ing a thermal high-speed camera
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Table 5 Results of proportional coefficient using weld-
ing heat-input calculated

Test Welding Thermal Proporti.onal
No. Heat Input, Energy, Coefficient,
H(J/mm) HV(J/mm) 1/k
1 7500.00 4075.05 0.54334
2 6509.43 3687.27 0.56645
3 5750.00 3104.25 0.53987
4 8152.17 4501.47 0.55218
5 7075.47 3990.71 0.56402
6 6250.00 3436.50 0.54984
7 8804.34 4794.23 0.54453
8 7641.50 4131.69 0.54069
9 6750.00 3707.24 0.54922
10 7800.00 4361.21 0.55913
11 6769.80 3781.55 0.55859
12 5980.00 3380.67 0.56533
13 8478.26 4757.92 0.56119
14 7358.49 4099.64 0.55713
15 6500.00 3571.95 0.54953
16 9156.52 4963.84 0.54211
17 7947.17 4439.21 0.55859
18 7020.00 3944.61 0.56191
19 8100.00 4442.36 0.54844
20 7030.18 3851.21 0.54781
21 6210.00 3357.31 0.54063
22 8804.34 4777.33 0.54261
23 7641.50 4272.67 0.55914
24 6750.00 3802.55 0.56334
26 9508.69 5227.41 0.54975
27 8252.83 4513.72 0.54693
Average Proportional Coefficient k = 0.55219
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Table 6 Results of hardness tests

Test Averaged HAZ Averaged Weldment
No. Zone Hardness(Hv) Zone Hardness(Hv)
1 243.29 213.94
2 216.57 206.63
3 196.00 176.46
4 256.86 247.26
5 229.14 200.16
6 212.86 204.05
7 230.14 221.74
8 239.71 228.69
9 222.86 202.31
10 254.86 231.96
11 221.29 198.22
12 207.29 187.31
13 263.71 246.36
14 232.00 222.61
15 215.71 192.19
16 269.29 261.71
17 232.71 218.94
18 241.57 234.43
19 272.57 252.22
20 227.86 221.01
21 211.86 197.15
22 336.14 299.17
23 258.71 228.62
24 220.71 198.67
25 262.86 253.92
26 286.00 270.63
27 288.71 276.87

Table 7 Rising percentage of hardness according to weld-

ing parameters
Hardness for Base Metal = 164HV
Test Rising Percentage Rising Percentage
No. of Hardness of Hardness
for HAZ(%) for Weld Zone(%)
1 48.34 30.45
2 32.06 25.99
3 19.51 7.60
4 56.62 50.77
5 39.72 22.05
6 29.79 24.42
7 40.33 35.21
8 46.17 39.45
9 35.89 23.36
10 55.40 41.44
11 34.93 20.87
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Hardness for Base Metal = 164HV
Test Rising Percentage Rising Percentage
No. of Hardness of Hardness
for HAZ(%) for Weld Zone(%)

12 26.39 14.21

13 60.80 50.22

14 41.46 35.74

15 31.53 17.19

16 64.20 59.58

17 41.90 33.50

18 47.30 42.95

19 66.20 53.79

20 38.94 34.76

21 29.18 20.21

22 104.97 82.42

23 57.75 39.40

24 34.58 21.14

25 60.28 54.83

26 74.39 65.02

27 76.05 68.82
Aver. 47.95 37.61
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Fig. 7 Hardness distributions of HAZ and weldment ac-
cording to welding heat-input
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