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Define Weld Performance
and Qualification

Requirements
(Begin/Refine Qualification Roadmap)
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Phase I
Define Applications and 

Preliminary Benefits

Phase II
Application Specific Process 

Development and Demonstration

Phase III
Execution of Qualification

Roadmap

Preliminary Process Development

Initial Cost Benefit Analysis

Define Applications

Thin Steel Panel
Structures

Implementation
Implementation Tracking

Phase II Metrics:
1) 50% reduction in distortion over

conventional process
1) Shipyard acceptance
2) Pre-qualified to:

TP-248
MIL-STD-1689

Yes: Phase III

No: Final Report

Conduct Shipyard
Demonstration

Conduct Weld
Performance Testing

Develop Process for 
Shipyard Demonstration

Complete Implementation 
Roadmap

Demonstration
Success ?

Specify (and build) system

Conduct additional testing on 
remaining target materials and 

applications

Qualification Testing
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Plasma-cut Edges in 0.187 inch thick plate

Work-piece
Electric Arc

Gas Metal Arc
Welding Torch

Keyhole

Molten Pool

Focused Laser Beam

Inert Shielding Gas

Hybrid Laser-Arc Welding Process
(Laser Leading Arc)
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Portable hybrid welding system required 
for demonstration at BIW Hardings facility

HLAW demonstration system on demonstration panel

View inside welding enclosure.  Laser window is 
open.   
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���7���� 10ft panel HLAW weld at BIW on 17 Jan 2008
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Harding’s BIW GMAW Seam Welder, welding TP-

3 on 28 January 2008.

HLAW, welding TP-2 on 17 January 2008.  Note 
arc weld curtain lifted.
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Photos of Weld Root

Acceptable

Unacceptable (lack of  fusion to one side 
due to misalignment of laser)

No Fusion



���
Penn State �(������(�
������
-����
����
�	
	��


��������
���
��
	��
���%

� 4���������
������
���
����
������	

� !�����
($
��������
�
M �

����������

�������

� 5
%���
������
���
�
����
�
���
�
������

�
>;�=��

�����
��
�
�
���
�����������


� 1��
�
�������
�?���������	

� *
�����
��
�
�
3�3D:
����
���
����

����������&�������
��������
���
����

���������
�


�����'��

� $�

;3
��
����
������
������������

������
��
@#�	

� $���
!����
;	

9����
=
����	
�
���������

���
���������
������C
���������
F
����

�����������

� $���
!����
=	

E<L

�
����
����������C


�

�
���7

�
����
�
����
D
������
���
�


�������������

Hybrid Test Panel 2 Photos

Crown

Root



���
Penn State *��
�
������
�������
���(��
-������


���	��	���.

*�����
��
�����
������
/∆∆∆∆0
1
0��	�� � 0������2

����,��

z-scale factor is 320 times x-scale



���
Penn State “Appalachian Mountains”

HLAW

“Rocky Mountains”

SAW
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MIL-STD-1689 Fairness Req’s.

Do the panels meet fairness 
requirements?

(MIL-STD-1689)

How much distortion was 
reduced?
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Prior to welding, 98 % of both the HLAW and 
SAW panels met primary structure flatness 
requirements.
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Hybrid Laser Arc Weld

Submerged Arc Weld - NGSS
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Electrode Specification

HLAW (Sheet)

HLAW (Round)

SAW (Sheet)

SAW (Round)
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Electrode Specification

HLAW

SAW

Base Metal Specification
(AB/DH36)

* Specification is for a full size 10x10mm specimen.  HLAW and SAW are for subsize 4 x 10mm specimens.  
Correcting for sample size would decrease specifications by a factor of 0.6.
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HLAW Macrograph
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