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Executive Summary 
 
The objective of this task of the project, Task 6 – Preferred Process/Technique Demonstration 
was to describe and demonstrate both the welding procedures developed for root pass welding  
and the hardware and software developed during the project as a whole. 
 
Invitations and reply slips (Appendix A) were sent out in March 2006 to potential participants for 
dates in the April 4-6 timeframe.  April 6, 2006 was selected as the preferred date on a majority 
vote. 
 
Five presentations were made as follows: 
 

• Project Overview – Suhas Vaze, EWI 
 

• Pipe Root Pass Welding, RTQM, and Economics – Ian Harris, EWI 
 

• Fill Pass Procedure Development and Mechanical Testing – David Yapp, Cranfield 
University, U.K. 

 
• Process Automation and Controls – Connie Reichert, EWI 

 
• Future Projects (GSP and DOT) – Ian Harris, EWI 

 
Copies of all presentations are included in Appendix B. 
 
The agenda for the meeting is shown below. 
 
Agenda 
 
8:30-9:00 Coffee and pastries 
9:00-9:15 Welcome and Introduction - Suhas Vaze, EWI  
9:15-9:45 Task 1 – Root Pass, Task 5 RTQM, Task 7 Economics – Ian Harris, EWI 
9:45-10:15 Tasks 1 and 2 – Laser and Laser Hybrid – David Yapp, Cranfield University 
10:15-10:45  Tasks 3 and 4 – Process Control and Automation – Connie Reichert, EWI 
10:45-11:00 Future Projects (GSP and DOT) – Ian Harris, EWI  
11:00-11:30 General Discussion – All 
11:30-12:00 Pipe Welding Demonstration in Highbay 
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12:00-13:00 Lunch 
14:00-14:30 EWI Tour as needed 
14:30-  Adjourn 
 
The work conducted within Task 1, “Root Pass Welding Techniques”, Task 3, “Improved Root 
Pass Techniques”, and Task 4, “Process Control Systems for Pipeline Girth Welding” was 
described and demonstrated.  The results of this work can be summarized as follows: 
 

1. Communication software was developed to control a mechanized welding bug through 
RS232 communication. 

 
2. Automated torch travel angle control hardware was developed and integrated with the 

mechanized bug system. 
 

3. Automated torch travel angle control software was developed and integrated with the 
mechanized bug system. 

 
4. Spin Arc (GMAW-RE) torch hardware was integrated with the mechanized bug system. 

 
5. A control system was developed for the Spin Arc torch and integrated with the 

automated torch travel angle control. 
 

6. A building block for RTQM was developed and data gathered for future analysis with 
data acquisition from a cost-matched project. 

 
7. An automatic control system was developed using the RTQM data acquisition system for 

measuring mean welding current and using this to maintain a user specified CTWD 
during welding. 

 
8. The welding demonstration deployed the Spin Arc welding parameters developed in 

Task 1 of the project. 
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1.0  Introduction 
 
Advanced mechanization can be used to improve tolerance to fit-up conditions such as gap and 
mismatch, and ensure uniform bead shape around the entire circumference of the pipe.  Since 
pipelines are welded in a fixed position, the welding process must be tolerant to the effects of 
gravity and deposit sound metal in all positions.  The effects of torch weaving, rotating 
electrode, variable travel angle, and travel speed control were evaluated for improved root pass 
weldability.  Typical mechanized welding bugs have travel speed, lateral oscillation, and torch 
height controls.  These three degrees of motion are applicable to linear welding and work well 
for that purpose.  For pipeline welding in all positions, torch angle must be taken into account in 
order to compensate for the effects of gravity on the molten pool.  Task 3 of this project aimed at 
incorporating hardware onto an existing 3-axis bug and creating mechanized torch travel angle 
control as a fourth axis. 
 
The quality of pipeline girth welds is largely affected by the ability of welders/operators to 
reliably track the weld seam and make necessary adjustments to travel speed, oscillation, and 
contact-tip-to-work distance (CTWD) without exceeding the qualified envelope of welding 
parameters.  Typical mechanized gas metal arc welding (GMAW) systems used for pipeline 
welding require a high degree of operator intervention.  This becomes much more difficult as 
travel speeds are increased and especially on single-sided root passes with high-strength weld 
metals.  A matrix of pipe welding conditions were developed and used to assess process 
robustness and control techniques.  Signals from welding sensors were analyzed for process 
control.  Concepts for adaptive control of the welding processes that can be commercialized 
with existing pipeline contractors were developed.  Task 4 of this project aimed to incorporate 
control of the electrode stick-out by using automated voltage control techniques.  This control 
will regulate CTWD by data acquisition of the instantaneous voltage, sensing the desired set 
point of voltage for stick-out, and maintaining the CTWD during welding. 
 
Work in Task 1 (development of innovative root pass welding procedures) determined that the 
best results were achieved using the rotating electrode GMAW process (GMAW-RE) embodied 
in the Spin Arc process from Panasonic.  Work in Tasks 3 and 4 employed the Spin Arc torch 
used in Task 1 and achieved constant arc voltage through AVC, and control of torch travel 
angle as an additional axis on the STX welding tractor.  Constant mean welding current control 
is achieved using.  High-speed data-acquisition (DAQ) capability was added in Task 5 as a 
building block for RTQM.  The use of constant welding current control and constant arc voltage 
control provides constant welding power and heat input control for a set travel speed.  These 
are elements of RTQM also since they provide feedback control of welding power in real time. 

2.0  Objective 
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The objective of this task of the project, Task 6 – Preferred Process/Technique Demonstration 
was to describe and demonstrate both the welding procedures developed for root pass welding  
and the hardware and software developed during the project as a whole. 
 

3.0  Presentation of Project Results 
 
Invitations and reply slips (Appendix A) were sent out in March 2006 to potential participants for 
dates in the April 4-6 timeframe.  April 6, 2006 was selected as the preferred date on a majority 
vote. 
 
Five presentations were made as follows: 
 

• Project Overview – Suhas Vaze, EWI 
 

• Pipe Root Pass Welding, RTQM, and Economics – Ian Harris, EWI 
 

• Fill Pass Procedure Development and Mechanical Testing – David Yapp, Cranfield 
University, U.K. 

 
• Process Automation and Controls – Connie Reichert, EWI 

 
• Future Projects (GSP and DOT) – Ian Harris, EWI 

 
Copies of all presentations are included in Appendix B. 
 
The agenda for the meeting is shown below. 
 
Agenda 
 
8:30-9:00 Coffee and pastries 
9:00-9:15 Welcome and Introduction - Suhas Vaze, EWI  
9:15-9:45 Task 1 – Root Pass, Task 5 RTQM, Task 7 Economics – Ian Harris, EWI 
9:45-10:15 Tasks 1 and 2 – Laser and Laser Hybrid – David Yapp, Cranfield University 
10:15-10:45  Tasks 3 and 4 – Process Control and Automation – Connie Reichert, EWI 
10:45-11:00 Future Projects (GSP and DOT) – Ian Harris, EWI  
11:00-11:30 General Discussion – All 
11:30-12:00 Pipe Welding Demonstration in Highbay 
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12:00-13:00 Lunch 
14:00-14:30 EWI Tour as needed 
14:30-  Adjourn 
 
A total of 10 presenters and attendees participated in the meeting; Appendix C. 
 

4.0  Mechanized Pipeline Welding Demonstration  
 
The system functionality is summarized below and described in more detail in the following 
sections of the report.  The demonstration in the highbay was conducted to highlight the 
performance of the welding procedures developed for the root pass welding of 36-in.-diameter 
X80 pipe using Spin Arc (GMAW-RE), and also to demonstrate the software and hardware 
functionality developed during other Tasks in the project. 
 
4.1   Summary of Current System Functionality – April 2006 
 
4.1.1   Hardware 
 
1. STX bug with torch tilt hardware (Figures 1 through 3) integrated with STX controller box. 
2. Spin Arc torch mounted onto STX bug. 
3. Spin Arc torch control system with motor amplifier. 
4. PXI industrial computer system with data acquisition + sensors. 
 
4.1.2   Software 
 
1. One software program on PXI computer will run: 

a. STX bug control  
b. Spin Arc torch speed control 
c. AVC for power supply during welding 
d. Data acquisition for RTQM. 

 
4.1.3   Functionality 
 
A PXI industrial computer (Figure 4) running one main computer program, Intellipulse (Figure 5), 
controlled the software programs listed above, keeping the user interface clean and easy for the 
operator to use.  This system runs all programs and provides pendant-like control of the STX 
bug (Figure 6), Spin Arc torch speed control (Figure 7), programmable weld travel sequences 
(Figures 8 and 9), AVC during welding (Figures 10 and 11), and data acquisition for RTQM 
(Figure 12). 
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4.2   Hardware 
 
The Saturnax (STX) Bug from Serimer-Dasa was developed for, and is normally used for, land-
based pipeline welding during fabrication in the field.  This rugged, 3-axis bug is used with 
straight or circular track for single and tandem gas metal arc welding (GMAW) applications.   
 
4.2.1   STX Bug with Integrated Torch Travel Angle Control Hardware 
 
The first modification or addition to the STX bug included motorized torch travel angle capability.  
The standard STX functionality upon delivery includes travel speed, transverse oscillation, and 
torch height.  These three motions are automatic, motorized, and integrated to work with one 
another.  In this task, EWI added hardware components onto the standard STX bug to complete 
torch travel angle control. 
 
The tool center point (TCP) for welding was identified based on the length of the Spin Arc torch 
being used.  This point was used for reference when designing the hardware for automatic torch 
travel angle control.  The most effective design to create the motion needed for the torch was by 
using a rack and pinion system with a “radiused” rack in a specific arc (Figure 1).  In order to 
create smooth motion rotating about the TCP, a specific radius and arc was calculated to 
maintain the TCP while traveling circumferentially around the pipe.  A bracket was designed to 
attach the circular rack to the STX bug.  The bracket is a solid piece of aluminum with four guide 
rollers and a primary pinion.  The pinion was mounted with a motor attached to the back side of 
the aluminum plate (Figure 3).  The torch was mounted onto the radiused rack.  The bracket 
plate with roller guides and pinion was stationary.  The radiused rack and torch moved between 
the roller guides to accomplish the torch travel angle motion.  The hardware was assembled, 
mounted, and tested.  
 
4.2.2   Spin-Arc Torch Mounted onto STX Bug with Torch Fixture 
 
Based on the results of Task 1 of the project, a Panasonic Spin-Arc GMAW-RE torch (Figure 1) 
was chosen to be mounted onto the STX bug system.  The Spin Arc torch contains a small 
motor assembly that moves the electrode wire in a circular pattern of 2-mm diameter.  The torch 
is moved at a high speed and thus a high rotational frequency (0-100 Hz) and due to the 
constant spinning motion, creates even penetration, improved root-gap tolerance, and high-
speed joint tracking at speeds up to 100 in./min.  The Spin Arc torch is a good choice for use on 
the STX bug as it can also be used for tandem configuration.  The Super Small Spin Arc torch 
weighs about 14 lb, so a special bracket had to be made to affix it to the STX bug and 
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automated torch-tilt fixture.  Figures 1 through 3 show the STX bug with the attached torch tilt 
hardware and torch.   
 
4.2.3   Dry Run 
 
Because the control system was now able to control the welding power supply contactor, it was 
necessary to provide the operator with the ability to go through the motions of a welding path, 
but without igniting the arc.  The STX Control software was amended with the functionality to 
perform a “dry run” (Figure 6).  The dry run task coordinates the bug travel motion, Spin Arc 
torch parameters and data acquisition, but does not engage the welding power supply.  This 
allows the operator to practice the anticipated welding path and ensure proper torch angle 
changes prior to welding.   
 
4.2.4   AVC Functionality  
 
AVC uses the data acquisition voltage sensor which was attached to the welding circuit.  The 
operator manually sets the torch height on the welding bug and begins welding.  When the torch 
height is at the desired position, the operator then sets the AVC.  This engages the AVC and 
maintains the voltage level to this set point by adjusting the torch height to maintain a constant 
CTWD.  The AVC can be turned off at any time and the operator can manually jog the torch 
height at any time.  The STX control software is responsible for making the automatic torch 
height adjustments during welding with the AVC.   
 
4.2.5   AVC Hardware  
 
The data acquisition system inside the industrial control cabinet has a 10:1 voltage sensor for 
measuring arc voltage in the welding circuit.  This sensor was attached between the Spin Arc 
welding torch and the workpiece.  The sensor continually gathers voltage data during welding.  
The STX bug’s torch height axis is automatically adjusted by the STX control software when the 
AVC is engaged.   
 
4.2.6   PXI Industrial Computer System with Data Acquisition 
 
Originally, the STX bug system was controlled by RS-232 ASCII commands through a serial 
port on a laptop computer.  Because the STX bug was being used by a welder, the software 
program user interface was designed to look like a typical welding robot pendent.  A data-
acquisition card was used with the laptop computer to sense I/O signals also provided by the 
STX control box.  The available signals included wire jog, through the arc seam tracking signals, 
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inclinometer information, and general I/O.  The general I/O was defined and used to connect to 
the welding power supply so that arc initiation and STX travel start began simultaneously.   
 
As a result of the cost-matched EWI 48248GTO project, a PXI industrial computer system with 
data acquisition capabilities was available for use in this project (Figure 5).  The PXI computer 
replaced the laptop used earlier.  The PXI computer from National Instruments included data 
acquisition boards that were used to connect and control all signals from and to the Spin Arc 
torch.  The 48248GTO project also resulted in a software program, Intellicontrol, which can be 
used for data acquisition during the welding process.  The data acquisition included monitoring 
and saving data from the welding current, arc voltage, wire feed speed, and shielding gas flow 
rate (Figure12).   
 
To develop adaptive welding techniques, data from the welding process must be gathered, 
studied, and tested.  This data helps determine what relationships during the welding process 
cause which effects on the output or resultant weld.  The first step to adaptive welding in this 
task began with the development of the data acquisition system.   
 
4.3   Software 
 
4.3.1   STX Control Software 
 
The first program developed during this task was the STX control software.  It was designed to 
mimic a pendant often found on conventional welding robots.  This software serves the purpose 
of allowing the welder to move the bug to any position for welding.  The welder can set the 
following items:   
 

• Travel speed and direction 
• Oscillation speed and amplitude 
• Torch height, speed, and direction 
• Torch travel angle, motion speed, and direction 
• Jog in any axis 
• Dwell times. 

 
The software runs on the PXI computer connected to the STX control box by Serial Port 
(Figure 9).  This RS-232 communication protocol allows the software program to send 
commands back and forth to the STX control box.  Along with controlling motion of the bug, this 
software program also communicates with a data-acquisition card that is in the PXI computer.  
The data acquisition card reads the I/O that is available on the STX control box and the software 
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program uses the information.  The I/O information integrated by this software program 
includes:   
 

• Through the arc seam tracking signals during oscillation 
• Jog control of the wire feed speed motor (if attached to the STX box) 
• Relay control for beginning STX motion when an arc has been established 
• Inclinometers for STX orientation about the pipe. 

 
The functionality of the STX bug and STX control software allow the welder to set-up welding 
motion prior to welding including setting a specific torch travel angle, synchronize STX motion 
with arc initiation, and change any STX motion parameter during welding (Figures 4 and 5).   
 
4.3.2  AVC Software Development 
 
A software program was developed that allows the operator to quickly turn on or off the AVC 
functionality during welding.  The STX control software was amended with the AVC control 
which is selectable from the STX software screen (Figure 10).  The AVC software screen 
displays the actual voltage level during welding and allows the user to manually adjust the trim, 
which corresponds to the CTWD.  Once the operator is satisfied with the welding parameters, 
he can then click on the SET AVC button located on the AVC software screen.  When the 
operator wishes to turn off the AVC functionality, he can click on the same button which now 
reads, QUIT AVC (Figure 11).  
 
The welding demonstration in the high bay (Figures 13 and 14) deployed the Spin Arc welding 
parameters developed in Task 1 of the project. 
  

5.0  Summary 
 
The work conducted within Task 1, “Root Pass Welding Techniques”, Task 3, “Improved Root 
Pass Techniques”, and Task 4, “Process Control Systems for Pipeline Girth Welding” was 
described and demonstrated.  The results of this work can be summarized as follows: 
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1. Communication software was developed to control a mechanized welding bug through 
RS232 communication. 

 
2. Automated torch travel angle control hardware was developed and integrated with the 

mechanized bug system. 
 
3. Automated torch travel angle control software was developed and integrated with the 

mechanized bug system. 
 
4. Spin Arc (GMAW-RE) torch hardware was integrated with the mechanized bug system. 
 
5. A control system was developed for the Spin Arc torch and integrated with the 

automated torch travel angle control. 
 
6. A building block for RTQM was developed and data gathered for future analysis with 

data acquisition from a cost-matched project. 
 
7. An automatic control system was developed using the RTQM data acquisition system for 

measuring mean welding current and using this to maintain a user specified CTWD 
during welding. 

 
8. The welding demonstration deployed the Spin Arc welding parameters developed in 

Task 1 of the project. 
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Figure 1. Torch Travel Angle Hardware Added to Standard STX Bug 
 
 

 
 
Figure 2. Front View of Torch Travel Angle Hardware Added to Standard STX Bug 
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Figure 3. Close-up Side View of Torch, Travel Angle Control, STX Tractor and Band, 

and Wire Feeder on a Separate Band 
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Figure 4. Operator at the Industrial Control Cabinet Housing the integrated Hardware 
and Software for Process Control 
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Figure 5. Intellicontrol Software Main Panel 
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Figure 6. Additions to the User Interface for Integrated STX Control Software 

Developed for Pendant-Like Control of the STX Bug Including 
Synchronizing Arc Start to Travel and Capability to Perform a Dry Run 

 

Dry Run 
capability 
added 

Arc Start 
button  
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Figure 7. Spin Arc Control Software for adjusting Spin Arc Frequency during 

Welding 
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Figure 8. Software User Interface for Programming a Welding Sequence by 
Specifying a Total Distance 

 

 
 
Figure 9. Software User Interface for Programming a Welding Sequence by 

Specifying a Beginning and Ending STX Angle of Orientation about the 
Pipe 
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Figure10. STX Control Software with AVC Control Panel before Arc Initiation 
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Figure 11. STX Control Software During Welding with AVC Engaged 
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Figure 12. Intellicontrol Software Interface Module During Data Acquisition of Welding 
Parameters and Spin Arc Control 
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Figure 13. GMAW-RE Torch Setup at 12:00 o’clock Position on 36-in.-Diameter X80 

Pipe, Also Showing Industrial Controller 
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Figure 14. Demo Dry Run Showing Twin Tractor Relative Position when Welding is in 
the Vertical-Down Position  
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REPLY SLIP 
 

Please complete and return 
 

To: From: 
Beth Jackson 
EWI, Columbus, Ohio, USA 
Fax: 614-688-5001 
Tel:  614-688-5143 
Email: elizabeth_jackson@ewi.org 

Name: ___________________________________ 
Company:   _______________________________ 
Fax   ____________________________________ 
Tel: _____________________________________ 
Email: ___________________________________ 

 
Innovative Welding Processes for Small to Medium Diameter 

Gas Transmission Pipelines 
EWI Project No. 47961GTH 

 
 
EWI is concluding the US Dept. of Transportation (DoT) project 47961GTH “Innovative Welding 
Processes for Small to Medium Diameter Gas Transmission Pipelines”. This $400K project included root 
pass development, property testing, automation, and process control elements. 
 
As stakeholders in this project you are invited to participate in a meeting and demonstration for the DoT 
project to be held in April 2006 at EWI.  The intent is to brief you on the project results through three 
presentations and to demonstrate the technology for mechanized external root pass welding of 36-in 
diameter X80 pipe using GMAW-RE.   
 
Please indicate your availability in the April 4, 5 and 6 timeframe to attend this meeting and 
demonstration.  EWI will advise you of the date selected based on majority vote. 
 
 

APRIL 2006 

Mon Tue Wed Thu Fri 

 4 5 6  

     

     

     

     

 
 
Comments: __________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
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REPLY SLIP 
 

Please complete and return 
 

To: From: 
Beth Jackson 
EWI, Columbus, Ohio, USA 
Fax: 614-688-5001 
Tel:  614-688-5143 
Email: elizabeth_jackson@ewi.org 

Name: ___________________________________ 
Company:   _______________________________ 
Fax   ____________________________________ 
Tel: _____________________________________ 
Email: ___________________________________ 

 
Innovative Welding Processes for Small to Medium Diameter 

Gas Transmission Pipelines 
EWI Project No. 47961GTH 

 
 
EWI is near to completion of the US Dept. of Transportation (DoT) project 47961GTH “Innovative Welding 
Processes for Small to Medium Diameter Gas Transmission Pipelines”. This $400K project was cost 
shared with project 46380CPQ to share information on parallel efforts.  The know-how developed in both 
projects has been exchanged for mutual benefit.  The work scope for the DOT project included root pass 
development, property testing, automation, and process control elements, which are complementary to 
the GSP work scope. 
 
As sponsors or the Novel Arc Welding Processes GSP, you are invited to participate in a meeting and a 
demonstration for the DoT project to be held in April 2006 at EWI.  The intent is to brief you on the DoT 
project results through three presentations and to demonstrate the technology for mechanized external 
root pass welding of 36-in diameter X80 pipe using GMAW-RE.   
 
Please indicate your availability in the April 4, 5 and 6 timeframe to attend this meeting and 
demonstration.  EWI will advise you of the date selected based on majority vote. 
 
 

APRIL 2006 

Mon Tue Wed Thu Fri 

 4 5 6  

     

     

     

     

 
Comments: __________________________________________________________________________ 
 
 
__________________________________________________________________________________ 
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Jeff Schroeder Miller/Hobart 
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Doug Hoyt  Exxon Mobil (via MS Meeting) 
Anthony Rallis  DOT (Project COTR) (via MS Meeting) 
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David Yapp  Cranfield University 
 
Ian Harris  EWI 
Connie Reichert EWI 
Jim Russell  EWI (Demonstration) 
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