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Objectives
� Investigate Welding Technologies that have the Potential to 

Enhance Productivity and Reduce Distortion in Light Weight 
Surface Combatants 
� Controlled Dip Transfer (STT) Welding

� Reduce Heat Input and Distortion 

� Tandem Gas Metal Arc Welding (TGMAW)
� Higher deposition rates and productivity

� Elongated weld pool may provide longer degasification period, 
allowing for higher speeds when welding over primers

� ESAB Super Pulse Technologies for Welding Aluminum
� Reduce heat input without compromising productivity

� Mechanical Tensioning
� Improve Fit-up and Reduce Distortion in Thin Aluminum and 

Steel Structures



Project Outline

Task 1: Collection and analysis of current welding practice from 
project sponsor (MMC) for benchmarking;

Task 2: Define tension load profiles that achieve significant 
distortion reductions for each type and thickness of material 
evaluated;

Task 3: Develop optimized welding procedures and guidelines for 
controlled dip transfer welding (STT) of thin steel structures;

Task 4: Develop optimized welding procedures and guidelines for 
ESAB�s Aristo Super Pulse technologies for aluminum; and

Task 5: Develop optimized welding procedures and guidelines for 
TGMAW of aluminum and steel structures, including welding over 
primers using metal cored type of electrodes.



Test Set-up - Simulated Panel Line
Beam System and Frame Set-Up



Task 1 - Benchmark Procedures (Fillet Welding Only)

MMC Procedures were Modified for use on 5mm HSLA-80 plate as 
follows:
GMAW-STT Benchmark Procedure (fillet weld)
� Powerwave 455, 210 ipm wire feed speed, 1 trim, 8 arc control, 115 

average amps

� 13 ipm travel speed, 3/8� cttd, ESAB Spoolarc95 (ER100S-1) 0.035� dia.

� 100% C02 shielding gas, 1/8� fillet weld size

FCAW Benchmark Procedure (fillet weld)
� 320 ipm wire feed speed, 27.5 volts, 205 amps, 28 ipm travel speed,

� 5/8� cttw, Trimark MIL-101TM 0.045� dia., 100% C02 shielding gas, 

� 1/8� fillet weld size



Task 1 - Benchmark Procedures (Fillet Welding Only)

BMT Developed Benchmark Mechanized CV Procedures for GMAW of 
5086 H116 5mm Aluminum Plate as follows:

GMAW CV Benchmark Procedure for Aluminum (fillet weld)
� 500 ipm wire feed speed, 20 volts, 270 amps, 50 ipm travel speed,

� 3/4� cttw, ESAB OK Autrod 5356 1.2mm dia., 100% Argon shielding gas, 

� 3/16� fillet weld size





Task 1 � Modeling Distortion Results
T-Stiffener GMAW-STT Benchmark Procedure

Graph of Vertical Displacement for Length of Plate (weld side)
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Task 1 - Modeling Distortion Results
T-Stiffener FCAW Benchmark Procedure

Graph of Vertical Displacement for Length of Plate (weld side)
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Task 1- Modeling Distortion Results
T-Stiffener GMAW Aluminum Benchmark Procedure

Graph of Vertical Displacement for Length of Plate (weld side)
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Task 2: Define Tension Loads



Task 2 � T-Stiffeners � #2FCAW � 10,000lbs 

Graph of Vertical Displacement for Length of Plate (Location B - weld side)
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Task 2 - T-Stiffeners � #2FCAW � 10,000lbs 

Graph of Vertical Displacement for Length of Plate (Location A)
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Task 2 - T-Stiffeners � #2FCAW � 10,000lbs 

Graph of Vertical Displacement for Length of Plate (Location B � weld side)
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Graph of Net Improvement Compared to Baseline (Location A)
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Task 2 � T-Stiffeners � #2FCAW � 10,000lbs
vs. Benchmark 



Graph of Net Improvement Compared to Baseline (Location B � weld side)
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Task 2 � Summary for T-Stiffener Welds

� The Use of Mechanical Tensioning Resulted in a Straightening 
Effect of the Bowed Assemblies in Both the Longitudinal and 
Transverse Directions.    

� The Majority of the HSLA-80 T-stiffeners had Longitudinal 
Deflections Between 10mm and 13mm prior to Welding.  
� Tests were Conducted with Both Best and Worst Case 

Scenarios and the Results Remained Conclusive.



Task 3 � Optimization of STT Parameters
� Procedure development was conducted using the STT process 

with both 0.035� diameter and 0.045� diameter ER100S-1 
electrode wires with 100% C02 shielding gas and 75Ar/25C02 
shielding gas, and 5mm thick HSLA-80 plate and T-stiffeners.

� Parameters were varied to obtain the upper and lower limits for 
each combination of wire feed speed, amperage, voltage, contact 
tip to work distance, pinch and tail-out

� 1/8� Fillet weld sizes were produced and rated for visual profile and 
appearance, arc characteristics, and penetration profile (obtained 
from macro sections).

� The procedure that exhibited the most flexibility was with 0.045�
diameter wire, 75Ar/25C02 shielding gas using STT program 118 
on the Lincoln PowerWave 455 power source.  The program 
remained steady from 125IPM to 175IPM wire feed speed.



Task 3

0.045� dia. Wire, C02, 
Program 117

0.045� dia. wire, 
75Ar/25C02, Program 118

0.035� dia. Wire, C02, 
Program 131

0.035� dia. Wire, 75Ar/25C02, 
Program 127



Task 3 � Optimization of STT Parameters
� STT user guide and data sheets were developed based on the 

findings of this task.



Task 4 � Comparison of Aluminum Welding Processes

� The primary objective of Task 4 was to Develop optimized welding
procedures and guidelines for ESAB�s Aristo Super Pulse 
technologies for welding aluminum.  

� Optimized welding procedures and guidelines were developed and 
baseline test welds were produced with each of the ESAB Aristo
Super Pulse technologies to compare resulting distortion (no-
tension) with Conventional CV and pulse.

� The following ranking lists the processes in order from best to 
worst with respect to resulting distortion:

1. Superpulse, Pulse on Pulse, 30IPM Travel Speed

2. Conventional CV, 50IPM Travel Speed

3. Superpulse, Pulse on Short, 25IPM Travel Speed

4. Pulse, 46 IPM Travel Speed

5. Superpulse, Pulse on Spray, 25 IPM Travel Speed



Task 4 � Comparison of Aluminum Welding Processes

Weld Profile, Conventional CV Weld Profile, Pulse on Pulse



Task 4 � Comparison of Aluminum Welding Processes

Weld Profile, Pulse on Short Weld Profile, Pulse on Spray



Task 4 � Comparison of Aluminum Welding Processes
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Task 4 � Comparison of Aluminum Welding Processes

Graph of Net Displacement along Longitudinal Section B
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Task 4 - T-Stiffeners � Superpulse Pulse/Spray GMAW 
Aluminum� 6,000lbs

Graph of Vertical Displacement for Length of Plate (Location A)
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Task 4 - T-Stiffeners � Superpulse Pulse/Spray GMAW 
Aluminum� 6,000lbs

Graph of Vertical Displacement for Length of Plate (Location B � weld side)
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Graph of Net Improvement Compared to Baseline (Location A)

Task 4 - T-Stiffeners � Superpulse Pulse/Spray GMAW 
Aluminum� 6,000lbs Vs. Benchmark
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Graph of Net Improvement Compared to Baseline (Location B � weld side)

Task 4 - T-Stiffeners � Superpulse Pulse/Spray GMAW 
Aluminum� 6,000lbs Vs. Benchmark
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