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I - Introductioit - 

The employmenbaf Laser Beam Welding (LBW) for many t radi t ionaQr&dpg ~ 

- 
applications is often limited by the inability of LBW to compensate for variations in the weld - _  
joint gap. This limitation is associated with fluctuations in the energy transfer efficiency along 
the weld joint. Since coupling of the laser beam to the workpiece is dependent on the 
maintenance of a stable absorption keyhole, perturbations to the weld pool can lead to 
decreased energy transfer and resultant weld defects. Because energy transfer in  arc welding 
does not similarly depend on weld pool geometry, it is expected that combining these two 
processes together will lead to a n  enhanced fusion welding process that  exhibits the 
advantages of both arc welding and LBW. 

Procedure 
Process development experiments have been made with a n  gas tungsten arc welding 

torch directed at a 60" angle to the side of a pulsed Nd:YAG laser beam. The laser beam was 
focused with a 150 mm focal length lens at the arc anode spot. Subsequent to these 
experiments a prototype plasma arc torch was designed and constructed which can also 
coaxially deliver the focused laser beam. This torch was designed to protect the tungsten 
electrode and to facilitate omni-directional torch motion. Bead on plate welds on 6061 
aluminum, 1.25 mm sheet were made with both of the above set-ups and then 

was used for most testing. 
metallographically sectioned and examined. A balance of 25% laser power and 75% arc power -- 
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Results and Discussion 
Initial experiments revealed that the arc could be started without a high voltage discharge 

by focusing the laser beam onto the electrode, In addition to eliminating electrical interference 
problems with the equipment, laser arc starting helped facilitate time sequencing of the two 

1 energy sources. The combined process was also found to mitigate solidification cracking in the 
6061 aluminum, which can be especially problematic with pulsed Nd:YAG laser welding. I t  is - 

I thought that the superimposing of continuous arc power onto the pulsed power waveform is 
' effective in reducing the thermal gradients that result in hot cracking with pulsed LBW. 

The use of a pulsed rather than a continuous wave laser in the combined process was 
1 found to be particularly advantageous for aluminum welding. The tenacious surface oxide that 

typically makes it difficult to weld with electrode negative was seen to be effectively removed 
I by the pulsed Nd:YAG laser. As a result, the arc was much more constricted and did not 

wander about the surface as in  electrode positive. The use of electrode negative polarity also 
substantially reduced tungsten electrode melting which can diminish electrode life. 
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COlKlusiQltS 
Laser assisted non-consumable arc welds have been made on thin section aluminum. The 

welds combine the advantages of arc welding and laser welding, with enhanced penetration- 
and fusion zone size. The use of a pulsed Nd:YAG laser with the combined process appears to = 
be advantageous since this laser is effective in removing the aluminum oxide and thereby -: 
allowing operation with the tungsten electrode negative. The arc appears to increase thesize - 

-of the weld and also to mitigate hot cracking tendencies that are common with the pulsed - 
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Nd:YAG laser. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, fccom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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