(St==3 DOI:10.3795/KSME-A.2008.32.11.978

solnels SRS o4 B U FREATH

Zf2. Ay’ =S
(2008 1 8 € 4 H4,2008d 109 16U 74,2008 10 € 17U AASE)

Hybrid Welding Process for Sheet Metal and Narrow Gap Fill Pass
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Abstract

An application of innovative laser+GMA hybrid welding process is presented for reducing bead humping
defects in high speed welding and increasing side wall fusion in narrow groove welding without torch or wire
oscillation. In this hybrid process, the laser heat input is applied adjacent to the weld pool at a relatively low power
density to produce a wider, flatter weld bead. In bead on plate in sheet metal gauges, the hybrid process was able
to produce hump-free welds from 70ipm (~1780mm/min) to over 150ipm (~3810mm/min) of the travel speed
compared to the un-assisted GMAW process. A square-butt joint in 15mm A572 Gr50 steel welds was investigated.
A square butt joint with a gap of 3.2mm was filled with 6 passes. Liquid Nitrogen calorimetry and innovative CO,
laser reflective optics were also developed to demonstrate the concept of hybrid welding.
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Table 1 Specification of equipments

| a4 e
Resonance medium CO,
Wavelength 10 pm Rofin-
Laser Sinar (RS-
Pulse Continuous wave 850)
Max power SkW
Arc type Pulsed (Digital)
GMAW : ESAB
. Synergic
Pulse mode/trim (99-122)
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Fig. 1 Experimental setup for hump suppression in tee-
and lap- fillet joint

Single Spot (Exsting Design) Dual Beam Attachments

Fig. 2 Dual beam mirror design; (a) existing, (b) new
design

Fig. 3 FEM analysis of reflective mirror (left) and
machined mirror (right)
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Fig. 4 Laser focus spot burns made with dual focus
mirror showing spot size and adjustable spacing;
maximum spot spacing = 0.5” (12.7mm)
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Fig. 5 Bead shape comparison (tip-GMAW, bottom-
Hybrid) welding speed: 100ipm (2.5m/min)
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Table 2 Process parameters for narrow gap welding

Kiss & H] 3L

Distance between laser & Traveling speed

0.125"

arc dependent
Contact tip to work distance 0.75"
Arc voltage 27.5V~30V Adaptive mode
Spot diameter of laser 3.0mm ~ Split beam
P 3.5mm P
Laser beam focus location Side wall Corner at root pass
Average Laser power 3.0kW CO;, laser
Pulse mode
Average GMAW power 7.5kW (200Hz)
Traveling speed 40ipm Max
Wire feeding speed 400ipm
Root gap 3/16"
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Fig. 7 The concept of narrow gap welding (left) and
cross section of 6passes (s=20ipm with 1/8" gap
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Fig. 8 Non-destructive evaluation by X-ray, GMAW
left) and Hybrid welding (right)
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Heat Efficiency (GMAW-P)
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Fig. 9 Efficiency measurement of GMAW-P
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Fig. 10 Efficiency measurement of Hybrid welding
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