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A Study on CO, Laser-TIG Hybrid Welding of Zinc-Coated Steel Sheet
Part 2 : Relationship between Welding Parameters and Weldability
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Abstract

Optimization of process parameters for laser-arc hybrid welding process is intrinsically sophisticated
because the process has three kinds of parameters - arc, laser and hybrid welding parameters. In this paper,
the relationship between weldability and several process parameters such as laser beam-arc distance,
electrode height, welding current and welding speed, were investigated by the full factorial experimental
design. Weld quality was evaluated by using weight of spatters which is related with the pore area. It was
found that the weld quality was increased with the increases in laser beam-arc distance and welding
current, and decreased with the increases in electrode height and welding speed.
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Table 1 Welding conditions used in experiments

Specimen SGCD1
pecime (300mmi* 100mmwx 1 mmt)
Laser power 4kW
Shielding gas He 100%(15 1 /min)
Electrode diameter 1.6 mm
Torch angle 45 deg.
Joint Lap joint
Case Spatter
No. RT results weight(g)
1 0.1
2 0.4
3 0.8
4 1.4

Fig. 1 Radiation test results for various spatter
weights
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Fig. 2 Relationship between weight of spatter and
pore area
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Table 2 Control factors and their levels for the full
factorial design with fixed travel speed,

3.0 m/min
Level
Factor
1 2 3
A. Arc current (A) 80 120
B. LB electrode distance (mm) 5 7 9
C. Electrode height (mm) 04 1.0 2.0
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Table 3 ANOVA results for the full factorial ex-
periments with Table2

Degree of] Sum of | Mean
Source freedom | squares | Square FO P
A 1 0.8889 | 0.8889 [10.00| 0.034
B 2 1.6533 | 0.8267 | 9.30 | 0.031
C 2 3.5733 | 1.7867 |20.10] 0.008
A*B 2 0.1244 | 0.0622 | 0.70 | 0.549
B*C 4 1.8133 | 0.4533 | 5.10 | 0.072
C*A 2 0.5511 | 0.2756 | 3.10 1 0.154
Error 4 0.3556 | 0.0889
Total 17 8.96
g 1.60 1
&
§ 1.35
éuo— \
£ 085
g 0.60
S $ & F TS I T
Welding LB-electrode Electrode
current [A] distance [mm] height [mm]

Fig. 3 Main effects of control parameters on weight
of spatter at fixed travel speed, 3.0m/min
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(c) Electrode height, 2.0mm

Fig. 4 Variation of welding voltage waveforms for each electrode height (100A arc current: 5mm
LB electrode distance: 3m/min travel speed)

(a) 0.4mm (after 1st experiment)

(¢) 2.0 mm (after 10th experiments)

Fig. 5 Deterioration of electrode tip for various
electrode heights after experiments
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Table 4 Control factors and their levels for the full

factorial design with fixed electrode height,

2mm
Level
Factor
1 2 3
A. Arc current (A) 80 | 100 | 120
B. LB electrode distance (mm) 5 7 9
C. Travel speed (m/min)} 25 | 3.0 35

Table 5 ANOVA results for the full factorial expe-

riments with Table 4

Degree of | Sum of | Mean

Source freedom | squares | square ko P
A 2 0.3499 | 0.1749 | 17.88 | 0.001
B 2 0.0402 | 0.0201 | 2.06 | 0.190
C 2 0.1252 | 0.0626 | 6.40 | 0.022

A'B 4 0.0084 | 0.0021 ; 0.21 | 0.923
B*C 4 0.0235 | 0.0059 | 0.60 | 0.674
c*'A 4 0.0531 | 0.0133 | 1.36 0.33

Error 8 0.0783 | 0.0098

Total 26 0.6785
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Fig. 6 Main effects of control parameters on weight
of spatter fixed electrode height, 2mm
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