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A Study on the Process of Hybrid Welding
Using Pulsed Nd:YAG Laser and Dip-transfer DC GMA Heat Sources
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*Department of Mechanical Engineering, KAIST, Daejeon 305-701, Korea

Abstract

Until now, many researches on laser-arc hybrid welding processes have been conducted mainly for high
power CW laser and high direct current arc to weld the thick steel plates for shipbuilding. Recently,
however the usage of thin steel plates, which tend to be deformed easily by thermal energy, is been
increasing because of demand of light structure such as car body in the automobile industry. Accordingly,
heat sources having relatively low heat input such as pulsed laser, dip-transfer DC GMA and pulsed GMA
seem to be applied more increasingly and the study about those heat sources is needed more intensively.
Any heat source mentioned above can not stand alone without weld defects at a relatively high welding
speed for increasing the welding productivity. This is main reason to apply the hybrid welding process
which uses pulsed laser and low-heat-input GMA heat sources simultaneously to weld the thin steel plate.

In this study, parameters of pulsed laser and dip-transfer DC GMA welding are studied firstly through
preliminary experiments, and then analyzed in the viewpoint of their physical phenomena. Before
conducting the hybrid welding, a pulse control technique is developed based on the parallel port
communication and Visual C++ 6.0. Owing to development of this technique, interactions of laser and arc
pulses can be controlled consistently. Using the pulse control technique, the hybrid welding is conducted
and then its interactive welding phenomenon is analyzed.
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Fig. 1 Comparison of penetration depth of mild
steel and dual phase steel in laser welding
(laser mean power: 400W(250V, 30Hz,
4ms))
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Table 1 Parameters of laser welding

Value

1064nm Pulsed Nd:YAG
Welding speed(m/min] 0.1, 0.2, 0.3, 04, 0.5
Mean laser power(W) 400(250V, 30Hz, 4ms)
Distance from focal point (mm) | +5

laser welding parameters

Laser type

Gap size(mm) 0
Angle of laser torch(®) 90
Shielding gas None

Penetration depth [mm]
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0 0.1 0.2 0.3 0.4 05

Welding speed[m/min]

Fig. 2 Comparison of penetration depth with
respect to welding speed in laser welding

Table 2 Modified parameters of laser welding

laser welding parameters Value

Laser type pulse

Welding speed(m/min) 0.5, 1.0, 1.5, 2.0, 2.5
Mean laser power(W) 500(270V, 40Hz, 4ms)
Distance from focal point (mm) | O

Gap size(mm]} 0
Angle of laser torch 90°
Shielding gas None
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Fig. 3 Lap-joint weld shape with respect to welding
speed in laser welding

Table 3 Calculated weld overlapping rate with
respect to various welding speed

Welding speed (m/min) Weld overlapping rate (%)
0.5 79.7
1.0 60.3
1.5 41.9
2.0 24.2
2.5 7.4
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Fig. 4 (a): Schematic of defects generation of
pulsed laser welding, (b): high speed
camera image of released metal vapor
from the back of keyhole
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Table 4 Parameters of dip-transfer DC GMA

welding
GMA welding parameters Value
Welding mode DC
Welding speed [m/min) 0.5~2.5
Wire feeding rate (m/min) 3
Open circuit voltage (V) 16
Angle of electrode (°) 60
CTWD (mm) 15
Shielding gas Ar+20%C02
Gas flow rate [1/min) 25
Electrode ¢ 0.8mm solid wire

Wire
Feeder
CO,20%
Arbal. gas Synergic controller

Paower
Supply

Yoltage Divider

Low Pass Filter

7 1 DataAcquisition
Board

Fig. 5 Data acquisition system for arc welding
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Fig. 6 Measured arc current and voltage signals
of dip-transfer DC GMA welding
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Fig. 7 Lapjoint weld shapes with respect to
welding speed in dip-transfer DC GMA
welding
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Fig. 8 Three steps of dip-transfer DC GMA welding
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Fig. 9 (a) Physical model of dip-transfer DC
GMA welding for anti-deep transfer mode,
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of force eqations, (c) high speed camera
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Fig. 10 (a) Schematic diagram of pulsed control
technique, (b) example for pulsed control
technique
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