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Fully Configured Weld Cell Welding a Butt Joint



Project Status Report

August 17, 2010

• Delays in first and second quarter making weld cell operational 
previously reported have set the schedule back.

• Effort for Quarter

•Effort regarding successful mitigation of arc blow are 
discussed.

•Welding Procedure Development Variations Assessed.

• Results

•We are near a successful procedure for 6 mm plate.  The 
current procedure with results and favorable comparisons to 
SAW are shown in this presentation.



Arc Blow
• The baseline procedure uses DC Electrode Positive for both electrodes.

• The total current through the tandem electrode is over 950 amps. 
Initially, we were experiencing intolerable levels of arc blow and tried 
several techniques to eliminate it:

• Ground Locations and Configurations.  We tried two grounds per machine -
four grounds total on the weld plate.

• With an additional power supply, superimposing 75 - 100 Amps AC current 
into the weld plate.  This resulted in some improvement, but did not 
eliminate the problem. See Figure 7.

• Adding large (12 inch x 12 inch minimum) run-out tabs at the ends of the weld 
joint.  This was a successful idea and has eliminated the arc blow problem.



Arc Blow



Welding Procedure Development

Issues

• Penetration.

• Lead Wire Current :

• Joint Design :  Gap, Bevel

• Shielding Gas

• Bead Profile   Front side:  Reinforcement Height

• Gap Size : zero to .09

• I2R Heating : .045 vs. .062

• Bead Profile  Back side : Reentrant Angle at Bead Toe

• Chill effect : Copper; Ceramic tape

• Gap below Plate

• Slag



Welding Procedure Development

• Power Supply Current :=> ESAB Provided a 6502C, 650 amp, 
inverter/chopper power supply when it became apparent 500 amps was 
not enough to drive the lead wire.

• Direct welding into the copper backing bar.  See Figure 1.

• Pouring Flux into a large groove on one side of the backing bar.  See 
Figure 2.  Difficulty controlling Gap between Plate and Flux.

• Ceramic tape.  This is one possibility that we are still assessing.  The 
results are  encouraging but the chill effect is a key variable.  Our 
fixture needs to be re-configured to use ceramic backing well. See 
Figure 3

• Fiberglass Tape has proved to be very effective.

• Shielding Gas and Root Opening Variations.

• Fluxcored Wire for lead arc



Welding Procedure Development

Direct welding into copper backing bar



Welding Procedure Development

Using flux in weld root

Figure 2 Test of May 19 with 3/32 Root Opening, Flux Root

Figure 2 May 19 Procedure B.



Welding Procedure Development

Using Ceramic Backing



Welding Procedure Development

Using Fiberglass Tape with Shims for Gap Control



Welding Procedure Development

Melt-through Contour with Fiberglass Tape



Welding Procedure Development

• Shielding Gas Variations :
• (1) 75% CO2, 25% Argon:  Not enough heat, Spatter
• (2) 95% CO2, 5% Oxygen:  Porosity issues
• (3) 90% CO2, 25% Argon:  Acceptable. See Figure 4
• (4) 100% CO2:  Unacceptable Spatter.  See Figure 12

• Root Opening.  In the shipbuilding industry, welding a square butt joint 
with a tight root is desirable.  Through the procedure development, 3/32 
inch, 1/16 inch, and tight fit roots were assessed.  In order to penetrate 
through a square, tight fit root with the lead wire, we obtained a higher 
amperage welding power supply and were successful with repeatable 
penetration of tight fit roots on the welding procedures of June 23 and 
earlier.



Welding Procedure Development

Shielding Gas Variations

Figure 4 June 23, Procedure 5 Weld Face, 90% CO2, 10% Argon



Results

Current Welding Procedure (as of  7/15 report) And Heat Input 
Comparison

1/16" ER-70S6

Root Opening: 0 - Tight

6/23/2010 ( C )
50 IPM TravelLEAD

26.5 Volts
449 IPM

374 IPM
25.8 Volts Set

9 Volts
440 IPM 26.5 Volts

655 Brown Out 25.5 Act.
305 AMPS

Notes: Lead Volts up 26.5
Lead WF up 26.5
Lead WF up 445 to 450
Trail WF up 375
Nice weld best back side
Brown out at end

Trail 
.045 CW-70

June 23, Weld C Procedure
Heat Input Calculation, June 23, Procedure C

Lead
Volts 26.5 V
Amps 655 Amperes
Travel Spd 50 in/min
Heat 20.829 V*A/(Spd/(60 sec/min))(1 kJ/1000 J) = kJ/inch

Trail
Volts 25.5
Amps 305
Travel Spd 50
Heat 9.333

Total 30.2 kJ per Inch
Heat Input Calculation.

Procedure Thickness Heat
Input
kJ/in

kJ
adjusted
for
thickness

Current TGS Procedure (June 23, Procedure C) 6.35 mm 30.2 30.2
EWI High Speed Narrow Groove SAW, Ref [1], 5.00 mm 41.4 52.6
Shipyard One Sided Welding Flux Copper Backing Technique
Sheet

6.35 mm 63.0 63.0

Table 1 Comparison of Heat Inputs



Results

• Macro With Fiberglass Tape Backing - .060 Standoff Distance to 
Tape.
Tight Root Joint.  



Results

• Macro: Weld with Copper Backing Bar:   .060 Standoff Distance to 
Copper Backing, Root Gap .062, (Old) 500 Amp Lead Wire Power 
Supply.



Results

• Just a pretty picture





Distortion Measurement and Simulation

• Simulation Development Work is proceeding and awaiting a finalized 
welding procedure.  Full Simulaiton and Distortion Measurements 
will be performed on the finalized weldment.

• Preliminary Simulation - validation of model fluid flow looking at 
convection without arc radiation.



We are aware that we are behind schedule but we believe the 
completed TGS 6 mm weld procedure has extremely low heat 
input and is a viable alternative to Submerged Arc Welding for 
thin panel shipbuilding production.

We intend to complete both 6 mm and 12 mm procedure
development in the fourth quarter.



This project at Todd Pacific Shipyard would not be possible
without the significant equipment and support of the contributing
team members:  

Especially -
Wolf Robotics and ESAB Welding and Cutting Equipment.

Also the effort and support of the subcontractors:  
NASSCO Shipbuilding, CD-adapco , Weaver Engineering, 
Dwight Laboratories, Machinists Inc. and friends from industry



Abicor Binzel Tandem Gun



Thank You for your Support
Wolf 

Robotics

Abicor
Binzel

ESAB NA
Welding &

Cutting
Products
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