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Abstract

Famous artificial neural network (ANN) is applied to predict proper process window of arc welding.
Target weldment is variously combined lap joint fillet welding of automotive steel plates. ANN’s system
variable such as number of hidden layers, perceptrons and transfer function are carefully selected through
case by case test. Input variables are welding condition and steel plate combination, for example, welding
machine type, shield gas composition, current, speed and strength, thickness of base material. The number
of each input variable referred in welding experiment is counted and provided to make it possible to
presume the qualitative precision and limit of prediction. One of experimental process windows is excluded
for predictability estimation and the rest are applied for neural network training. As expected from basic
ANN theory, experimental condition composed of frequently referred input variables showed relatively more
precise prediction while rarely referred set showed poorer result. As conclusion, application of ANN to arc
welding process window derivation showed comparatively practical feasibility while it still needs more
training for higher precision.
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Fig. 1 Schematic diagram of artificial neural network
consists of input, hidden and output layer
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Table 1 Selected input variables of arc welding
prediction ANN model

Valrniigltes steel plate and welding condition

1 Welding machine type (GMA, CMT)
2 Welding current
3 Welding speed
4 Argon portion in shield gas
5 CO2 portion in shield gas
9 DCEN portion in pulse

7,8 Steel type (CP, DP, TRIP)

9, 10 Surface coat (GA, GI, bare)

11, 12 Strength

13, 14 Thickness
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Table 2 Selected input variables of arc welding prediction ANN model
Machine | Current(A) Spee.d Al.r CQZ EN(%) Coat Strength Thickness Steel type
(m/min) | portion | portion (MPa) (mm)
50 Top plate
60
70 Bare 340(128EA)
80 0.7(16EA)
888EA 440(224EA
90 ( GA ) 5905248EA; 1.0(629EA) | DP(592EA)
100 (504FA 780(184FA) 1.2(160EA) | TRIP(S80EA)
110 0 1 1.4(304EA) | CP(132EA)
120 0.4 | (336EA) | (336EA) Gl 980(208EA) | ) o )omy
CMT 130 0.6 0.8 0.2 0 (136EA) 1180(184EA) ’
(712EA) 140 0.8 (184EA) | (184EA) | (1020EA)
GMA 150 1 0.95 0.05 30 Lower plate
(464EA) 160 19 (616EA) | (616EA) | (156EA)
170 ’ 1 0 Bare 340(64EA)
180 (40EA) | (40EA) (888EA) | 440(288EA) | O 6EA)
190 GA 590(192EA) 1.0(544EA) DP(592EA)
200 1.2(160EA) | TRIP(80EA)
210 (504EA) | T80(192EA)
1.4(416EA) CP(156EA)
240 GI 980(232EA) 1 6(40FA)
250 (136EA) 1180(208EA) '
260
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Table 3 Process window of CR 980 DP 1.0t + 1.0t,
CMT, DCEP 100%, Ar 95%, COs 5%

Burn Burn
160A through through ieee
Burn
130A through Proper Proper
100A Proper Proper Lad.( of
fusion
T0A Proper Laclf of Lac1.< of
fusion fusion
0.8m/min 1.0m/min 1.2m/min

REEH: - REHaEE 326 298, 20144F 41

Table 4 Process window of weld combination same
to table 3 predicted by trained ANN

160A -1 -1 0.99

130A -1 -1 1

100A 1 1 -0.46

T0A 1 -0.99 -1

0.8m/min 1.0m/min5 1.2m/min
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Table 5 Process window of CR 980 DP 1.0t + 1.0t,
CMT, DCEP 100%, Ar 95%, CO2 5%

Burn Burn

2104 through through Liraisar
190A Proper Proper Proper

170A Proper Proper Lad.& of
fusion

150A Proper Laclﬁ of Lack of
fusion fusion

0.8m/min 1.0m/min 1.2m/min

Table 6 Process window of weld combination same
to table 5 predicted by trained ANN

Burn Burn
2104 through through Lo
190A Proper Proper Proper
170A Proper Proper Lac}F of
fusion
150A Proper Lack of Lack of
fusion fusion
0.8m/min 1.0m/min 1.2m/min

Table 7 Process window of CR 590 DP 1.0t + GA
1180 CP 1.0t, CMT, DCEP 100% and CO2
100% weld combination predicted by trained

ANN
300A -1 -1 1 1
230A -1 1 1 1
160A 1 1 1 1
90A 1 1 1 -1
0.5m/min | 0.7m/min | 0.9m/min |1.1 m/min
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