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ABSTRACT 
 
The welding of aluminum-clad fuel plates into aluminum alloy 6061 side plate tubing is a unique design 
feature of the High Flux Isotope Reactor (HFIR) fuel assemblies as 101 full-penetration circumferential 
gas metal arc welds (GMAW) are required in the fabrication of each assembly.  In a HFIR fuel assembly, 
540 aluminum-clad fuel plates are assembled into two nested annular fuel elements ∼ 610 mm (24-inches) 
long.  The welding process for the HFIR fuel elements was developed and qualified  in the early 1960’s 
and about 450 HFIR fuel assemblies have been successfully welded.  In recent years because of the 
degradation of the electronic and mechanical components in the old HFIR welding system, reportable 
defects in plate attachment or adapter welds have been present in almost all completed fuel assemblies.  In 
October 2008, a contract was awarded to AMET, Inc., of Rexburg, Idaho, to replace the old welding 
equipment with standard, commercially available welding components to the maximum extent possible 
while maintaining the qualified HFIR welding process.  The upgraded HFIR welding system represents a 
major improvement in the welding system used in welding HFIR fuel elements for the previous 40 years.  
In this upgrade, the new inner GMAW torch is a significant advancement over the original inner GMAW 
torch.  The innovative breakthrough in the new inner welding torch design is the way the direction of the 
cast in the 0.762 mm (0.030-inch) diameter aluminum weld wire is changed so that the weld wire 
emerging from the contact tip is straight in the plane perpendicular to the welding direction without 
creating any significant drag resistance in the feeding of the weld wire.   
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1.  INTRODUCTION 
 
 
The welding of fuel plates into side plate tubing is a unique design feature of the HFIR nuclear fuel 
assembly.  The cladding and structural material used in a HFIR fuel assembly is aluminum alloy 6061.  In 
a HFIR fuel assembly, 540 fuel plates are assembled into two nested annular fuel elements ∼ 610 mm (24-
inches) long.  A complete HFIR fuel assembly showing the inner and outer fuel elements are shown in 
Fig. 1. 
 

 
 

Fig. 1.  Photograph of a completed HFIR fuel assembly. 
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The inner fuel element has an inner diameter of ~127 mm (5 inches), with an outside diameter of ~280 
mm (11-inches) diameter and contains 171 fuel plates.  The outer fuel element has an inner diameter of 
~292 mm (11.5 inches), an outside diameter of ~432 mm (17 inches), and contains 369 fuel plates.  Each 
HFIR fuel assembly costs more than one million dollars to fabricate and ~7 fuel assemblies are consumed 
each year in operating the reactor.  In the fabrication of these nuclear fuel assemblies, welding is a major 
step as 101 full-penetration circumferential gas metal arc welds (GMAW) 1

 

 are required in the fabrication 
of each assembly.  Typical weld beads made on the outside diameter of HFIR fuel elements before 
machining are shown in Fig. 2.  Also shown are the weld preparation grooves used for these welds.  The 
weld beads on the inner diameter are comparable.  As shown, weld metal is a major component in the 
machined side plates in completed HFIR fuel elements. 

 
 

Fig. 2.  Typical outside diameter weld beads on a HFIR fuel element before machining 
 
In a HFIR fuel element, each 1.27 mm-thick (0.050 inch) fuel plate is attached by a “spot” weld, on both 
edges, at one-inch intervals along the 610 mm (24 inches) length of the fuel element.  The fuel plates are 
contained in two ~6.4 mm-thick (¼-inch) aluminum tubes that form the inside and outside side plates.  
Each of these side plates have been slotted on one side for the fuel plates and weld groove machined into 
the tubing every 254 mm (1 inch) from the side opposite the slots.  Machined inner and outer side plates 
for an inner fuel element are shown in Figs. 3 and 4.   
 
The spot welds for the fuel plates contained in either the inside or outside side plate are made similarly at 
the root of each weld groove by making a full circumferential GMAW.  Each plate attachment “spot” 
weld is ~ 2.54 mm (0.100-inch) in length to prevent the fuel plate from buckling during irradiation in the 
reactor.   

                                                 
1GMAW is a newer terminology for Metal Inert Gas Weld (MIGW). 
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Fig. 3.  Inside side plate showing the slots for fuel plates on the outside 
and the bottom of the weld the grooves as seen from the outside. 

 

 
 

Fig. 4.  Outer side plate showing slots for fuel plates on the inside 
and the weld grooves on the outside. 
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2.  HFIR FUEL ELEMENT WELDING PROCESS 

 
The initial welding process for the HFIR fuel elements was developed and qualified in the early 1960’s 
and about 450 HFIR fuel assemblies have been successfully welded.1, 2  This welding process is a GMAW 
process using 0.030-in.-diam 4043 weld wire.  The nominal welding parameters for the plate attachment 
welds in HFIR fuel elements are shown in Table 1. 
 

Table 1.  Nominal welding parameters for fuel plate attachments welds 
Side 
plate 
No. 

Joint 
diameter 
mm (in.) 

Voltage 
volts 
(ref.) 

Current 
amps 
(ref.) 

Contact 
tip to 
weld 

mm (in) 

Weld wire 
diameter 
mm (in) 

Wire feed 
M/sec. 

(in/min.) 

Travel 
speed 

mm/sec. 
(in/min.) 

Duration 
seconds 

1 130 (5.1) 20 135 15.9 (5/8) 7.62 (.030) 0.25 (580) 5.2 (12.3) 75 
2 267(10.5) 20 135 6.35 (1/4) 7.62 (.030) 0.22 (530) 3.3 (7.8) 260 
3 284(11.2) 21 155 15.9 (5/8) 7.62 (.030) 0.28 (670) 4.4 (10.5) 200 
4 434 (17.1) 21 155 6.35 (1/4) 7.62 (.030) 0.27 (640) 3.4 (8.1) 400 

 
In the development of the welding process, major concerns were maintaining the channel spacing 
between plates in the assembled element and the penetration of the plate attachment welds into the fuel 
meat sections of the fuel plates.  These concerns undoubtedly influenced the selection of the specific 
welding process parameters used.  Historically, the single pass welding process with the small diameter 
weld wire 0.762 mm (0.030 inch) at wire feed rates of up to ∼ 0.3 m/s (700 inch/min) has been a difficult 
process to control.  Welding on the outside of the side plates where space exists for using a conventional 
wire straighter, feeders and standard GMAW torch head has been relatively straight forward.  The 
welding on the inside side plates and particularly in the smaller diameter, No. 1 side plate (the inner side 
plate of the inner element), has suffered more quality deficiencies than the outer side plates in fabricating 
HFIR fuel elements.  The welding of the adapters on the end of assembled fuel elements is essentially the 
same as a conventional pipe weld.   
 
The fuel plate attachment welds cannot be inspected by non destructive means and must be qualified by 
the use of weld test samples.  The weld test samples are made from segments of side plates and small 
surrogate or “dummy” fuel plates.  An example of a weld test sample is shown in Fig. 5. 
 
Weld test samples are prepared before and after each fuel element plate attachment weld and subjected to 
a “pull test” of selected dummy fuel plates and section metallographic examination of the test sample. 
Welding on a fuel element cannot begin until the three pulls tests samples exceed 445 Newton (100-
pound pull) and the metallographic section examination is satisfactory.  The 445 Newton (100-pound-
pull) test represents a weld attachment of the 1.27 mm-thick (0.050 inch) fuel plate of ~ 2.54-mm long 
(0.100 inch), assuming the ultimate strength of the aluminum alloy 4043 weld metal is ∼138 MPa (or 
~20,000 psi).  The weld test sample in Fig. 5 had been “pull tested” and shows the location of three plates 
pulled in this test. The adapter welds are inspected by conventional radiographic techniques. 
 
Over the course of the last decade, degradation of the electronic and mechanical components in the old 
HFIR welding system, the instances of reportable, non-conforming welds in completed HFIR fuel 
elements has increased significantly.  In recent years, the rate of non-conformances had reached the point 
where a non-conformance report for defects in the plate attachment or adapter welds was being generated 
for almost every completed HFIR fuel element.   
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“Pull test” locations 
 
 

 
 

Fig. 5.  An example of a weld test sample. 
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3.  HFIR WELDING SYSTEM BEFORE UPGRADING 
 
An over view of the HFIR fuel element welding system before the upgrade is shown in Fig. 6.  The 
welding lathe, welding heads and fixtures date back to the original design which occurred in the 1960’s.  
The Sciaky programmable welding power supply shown in Fig. 7 dates back to the early 1980’s when the 
welding power supply was initially upgraded.  
 

 
 

Fig. 6.  Old inner and outer weld station. 

 
Fig. 7.  Old Sciaky welding power supply. 
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A detailed view of the original outer welding head is shown in Fig. 8.  This welding head used a 
conventional wire straighter, weld wire feeders and standard GMAW head and has worked relatively 
reliably over the years. The upgrade outer weld head components are comparable with this original head 
design. 
 
 

  
 
 

Fig. 8.  Old outer welding head. 
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The detail overview of the original inner welding head is shown in Fig. 9.  Welding a small diameter, No. 
1 side plate must be accomplished “blind” as the welder cannot observe and adjust the welding head 
position during welding.  Because of the limited space available in the ~ 120-mm diameter (4.75-inches) 
tube before final machining, a specially-designed GMAW head with a weld wire “pull” feeder 
incorporated into the welding head had been employed for the last ~ 40 years.  In a GMAW, the welding 
wire must be straight in the plane perpendicular to the direction of the weld to control the position of the 
molten metal pool in the weld groove and therefore obtain a uniform groove fill and centered root 
penetration. The original welding head did not have a wire straightener, per se, but used a bend in the 
contact tip to straighten the weld wire emerging from the contact tip.  The purpose of this bend in the 
contact tip had not been documented with the result that recent attempts to use a straight contact tip in the 
original weld head were unsuccessful.  It had been incorrectly assumed that the purpose of the bend in the 
contact tip was to improve the electrical contact of the weld wire in passing through the contact tip.  

 
Fig. 9.  Old inner weld system. 
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Examples of the bent contact tips used in the original inner welding head are shown in Fig. 10.  During 
welding, the contact tips had to be constantly checked and changed frequently.  With the bent contact tip 
in the original inner welding head, it was always necessary to verify the straightness of the weld wire 
emerging from the contact tip using either a boroscope or a video camera.  In most instances, adjustment 
of the orientation of the bent contact tip after each inspection or replacement was necessary.  Establishing 
the correct orientation of the bent contact tip was always a difficult iterative trial and error operation and 
required an experienced welder to set up and to operate the inner welding head in a satisfactory manner. 

Fig. 10.  Bent contact tips used in old GMAW head. 
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The close-up view of the original inner head is shown in Fig. 11.  The mechanical design of the pull wire 
feeder in the original inner welding head was complex since there were 31 separate components listed on 
the material list for this original inner head.  The wire feeder used a belt drive mechanism in the head with 
the drive motor located at the rear of the support tube.  The water cooled heat sink/power block and gas 
diffuser were made with multiple components with elastomeric “o” ring seals between components. In 
recently years, the original inner welding head had to be almost constantly maintained to function in a 
reasonably acceptable manner.  
 

 
 

Fig. 11.  Close-up view of old inner welding head 
  

DRIVE FROM WIRE FEEDER GAS NOZZLE AND WELD 
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4.  HFIR WELDING SYSTEM UPGRADE 
 
The upgrading of the HFIR welding system was performed under a contract awarded to AMET, Inc., of 
Rexburg, Idaho, in October 2008.  The intent of the upgrade was to maintain the currently qualified HFIR 
welding processes and procedures and to replace the old equipment with standard commercially available 
welding components to the maximum extent possible.  Because of the configuration control required for 
operating the HFIR nuclear reactor, the qualification of a new welding process for the HFIR fuel elements 
would have entailed a significant and expensive effort and was judged to be uneconomical.   A schematic 
overview of the HFIR welding system upgrade provided by AMET is shown in Fig. 12.   

 
Fig. 12.  Schematic overview of upgraded HFIR system system. 

 
A summary of the technical specification used to procure the upgrade to the upgraded HFIR welding 
system is provided in Appendix A.  Included in this upgrade was replacing the Sciaky welding power 
supply and controller used for both inner and outer welds with separate Lincoln model 455T-SST R 
power supplies and Lincoln Model XMC-1 programmed power supply controllers dedicated to either the 
inner and outer welding heads.  The use of the separate welding power supplies and controllers was to 
avoid the complexity of switching between welding power supplies and controller as required in the old 
welding system.  Standard Lincoln model S10 wire feeders were used for both the inner and the outer 
welding head.  Extensive refurbishing of the welding lathe included replacing of the rotating motor, speed 
and speed/position encoder and reconditioning the head stock and electrical ground commutators.  Both 
the inner and outer welding heads were fitted with precision position x-y-z slides and encoders for 
precision location of the welding head. An AMET XL controller was used to integrate the control 
modules for the components.  The XL controller was installed into a single control pendent for both the 
inner and out welding head.   



 

12 

 
The upgrading of the outer head and the other specified components went smoothly during the 
procurement except for design of the new inner welding head.  From the beginning it was understood by 
ORNL, B&W and AMET that the re design of the inner welding head would be the most difficult 
component to upgrade.  A photograph of the installed upgraded HFIR welding system is shown in 
Fig. 13. 
 

 
 

Fig. 13.  Photograph of the upgraded HFIR welding system as installed at the 
B&W/Lynchburg facilities. 
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5.  NEW OUTER GAS METAL ARC WELDING HEAD 
 
The new outer GMA welding head is shown in Fig. 14.  For the outer welding torch, a standard Lincoln 
model LN4610-35-5 torch was slightly modified for use.  Fundamentally the new outer welding head is 
not significantly different than the old outer welding head.  Some slight modifications were required to 
improve the feeding of the welding wire to the torch. 
 
 

 
 

Fig. 14.  New outer GMA welding head. 
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6.  NEW INNER GAS METAL ARC WELDING HEAD 
 
The design of the new inner head consumed ~9 months, required several design iterations, and was not 
completed until after the inner welding head was returned to the factory in Idaho.  On returning the inner 
head to AMET, the weld wire cast was changed from being in a plane perpendicular with the welding 
direction to being in a plane parallel with the welding direction.  With the cast of the weld wire set 
parallel to the welding direction, the welding wire coming out of the contact tip is straight in the plane 
perpendicular to the welding direction.  On returning the inner head to AMET, the contoured guide tube 
configuration was developed, incorporated into the inner welding head, and extensively arc tested over 
approximately a one-month period.  During this period, several hundred minutes of arc testing were 
successfully performed in 5-6 minute intervals and procedures for reproducing and changing the 
contoured guide tube were developed.  
 
For the inner welding head, the majority of the initial design effort centered on developing a welding head 
for reliably feeding the small diameter weld wire at the high rates required for the HFIR weld. The first 
design concept for the inner head was to use the standard Lincoln wire feeder with a “pull assist” wire 
feeder at the welding head near the contact tip. A significant effort in the second design iteration was in 
trying to improve and refine the “pull” assist wire feeder. During the arc testing of the second iteration of 
this design, it became apparent that the synchronization of the “push” and “pull” wire feeders at the high 
wire feed rates, particularly at the start of a weld, would be difficult to coordinate and the decision was 
made to test a “guide tube” design using just the Lincoln wire feeder without the “pull assist”.  This arc 
testing showed that the “guide tube” design provided better arc stability and was much simpler to 
implement in an effective manner.  A cross section diagram of the initial guide tube design and close up 
photograph of this guide tube design with cover removed is shown in Fig. 15 and Fig, 16. Also shown in 
Fig. 16 is the disengaged “pull assist” mechanism that was tested along the guide tube design. 
 
 

 
 

Fig. 15.  Cross section of initial guide tube design. 
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Fig. 16.  Guide tube design showing pull assist disengaged. 
 
At this point in the design process, a decision was made that the guide tube design would be the best route 
forward.  In conjunction with the guide tube design, a method for straightening the weld wire by 
deflecting the plastic guide tube with a relatively small diameter bar pressed into the guide tube near the 
contact tip was incorporated (see Figs. 15 and 16).  This method of wire straightening worked to some 
extent in short duration testing and the factory acceptance tests at AMET, but in operating the inner head 
in longer duration welding tests at B&W, it was apparent that the inconsistencies in the drag resistance 
from the straightener would result in unreliable wire feeding.   
 
In these welding tests, numerous instances were encountered where the weld wire would pile up in the 
wire feeder (“bird nesting”).  Without the wire straightener, welding tests showed that the wire feeding 
with the guide tube design was consistent; however, it was obvious that the cast of the wire is set by the 
radius of the final 90° bend.  Using a wire straightener like the one used on the outer welding head before 
the Lincoln wire feeder had no effect.  In the initial guide tube design without the wire straightener the 
wire case is 90° to the welding direction and any resulting change in “stick out” of the weld wire will 
result in a change in the location of the melt pool.  In welding HFIR fuel elements, uneven weld metal fill 
in the weld groove will result in variations in weld penetration and reportable defects in the resulting 
welds due to under fill.   

GAS NOZZLE 

PLASTIC GUIDE TUBE 

PULL ASSIST NOT 
ENGAGED 

STRAIGHTENER 
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Welding on the No. 3 side plate (inside weld) where the operator can see and adjust the torch head 
position during welding, some curvature in the weld wire perpendicular to the welding direction might be 
accommodated.  However, in a “blind” weld as is required in the No. 1 side plate, it was apparent the 
weld wire must be straight in the plane perpendicular with welding direction to make a consistent weld.  
Changing the cast in the weld wire to be in a plane parallel with the welding direction accomplished this 
objective. 
 
The innovative breakthrough in the new inner torch design is the way the direction of the cast in the 0.762 
mm diameter (0.030-inch) aluminum weld wire is changed to be in a plane parallel with welding direction 
without creating any significant drag resistance in feeding the weld wire. In a confined space torch, a 
conventional wire straighter cannot be used and the final 90° bend establishes the cast of the weld wire 
that will emerge from the contact tip unless the contact tip is bent (as in old inner torch) or some other 
device is used to straighten the weld wire.  With a “pull” wire feeder at the welding torch because of 
space limitations, bending the contact tip is about the only option available.  The change in direction of 
the wire cast in the guide tube head design was accomplished within the 101.6 mm diameter (4 inches) 
envelope of the welding head by bringing the weld wire in from one side and making the final 90° bend 
on a relatively large radius of curvature to set the wire cast parallel to the welding direction. 
 
Top views of the contoured guide tube inner welding head with the protective cover removed are shown 
in Fig. 17 and Fig. 18. 
 
 

 
 

Fig. 17.  Top views of guide tube design with protective cover removed. 
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Fig. 18.  Top views of contoured guide tube design with protective cover removed. 
 

 
As shown, a relatively large radius of curvature in the bend is used to minimize drag resistance on the 
small diameter wire to prevent “bird nesting” at feed rates up to ∼ 0.3 m/s (700 inches per minute).  The 
weld wire, as it emerges in the new guide tube design from the contact tip in the parallel and 
perpendicular planes with the welding direction, is shown in Figs. 19 and Fig. 20.  As shown, the weld 
wire from the contact tip is essentially straight in the plane perpendicular to the welding direction.  The 
slight curvature in the wire parallel with the welding direction as shown in Fig. 20 can be easily 
accommodated by the welder power controller for variations in “stick out.”  This innovation allowed the 
use of a standard “push” wire feeder through a plastic guide tube and standard straight contact tips and 
represents a significant simplification and improvement compared to the original design.  Another 
advantage of the new torch design because the wire is straight perpendicular to the welding direction is 
that the torch head can be mechanically aligned to the centerline of the weld groove without visual 
verification of the weld wire position.  This represents another simplification and a potential improvement 
in the quality of the welds with the new welding head design. 
 
The use of copper tube bent in the required configuration to shape the plastic guide tube is another 
innovation in the contoured guide tube design.  This shaping of the plastic guide tube is accomplished by 
sliding a guide tube inside a copper tube bent in the required configuration.  The jig used to shape the 
contour of the copper tubing used in the contoured guide tube design is shown in Fig. 21.  
 
 

CONTOURED COPPER 
TUBE 

VIDEO 
CAMERA 
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Fig. 19.  Weld wire perpendicular to welding direction. 
 
 
 
 
In initial arc-testing at B&W of the inner welding head before implementation of the contoured guide tube 
design and when the weld wire feeder was functioning, the welding sounded uniform with minimum 
sputtering or popping indicative of good vapor transfer of weld metal.  The resulting weld metal deposits 
were uniform and showed that the inert gas coverage was good. The new heat sink power block and inert 
gas coverage (gas cup) functioned as designed.  These components were based on the old inner welding 
head but represented a significant simplification compared to the original inner welding head not 
considering the complexity of weld wire “pull” drive assembly used in the original inner welding head 
design.  The use of a single piece copper block with crossed drilled and plugged holes for water cooling 
provides better water cooling than the old water cooled power block design and is much simpler than the 
multiple pieces and O-ring seals used in the original inner welding head.  The treaded single piece copper 
gas cup and inert gas diffuser was based to some extent on the original inner welding head design and 
provides excellent inert gas cover.  This single piece inert gas diffuser and gas cup is shown in Fig. 22.  
The standard treaded contact tip used in both inner and outer welding heads is shown in Fig. 23.    
 

GAS NOZZLE/ 
CONTACT TIP 
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Fig. 20.  Weld wire parallel to welding direction. 

 
 
Changing of the contact and gas cup/diffuser and contact tips are simple twist operations.  An overview of 
the inner welding head installed in Lynchburg is shown in Fig.24.  
 
In developing the new inner welding head, a considerable effort was spent in incorporating a video 
camera (Figs. 17 and 18) into the new inner welding head.  The need for this video camera was based on 
the need of observing the weld wire position and adjusting the contact tip on the original inner weld head 
design. In the new contoured guide tube design, the wire emerging from the contact tip is essentially 
straight in a plane perpendicular to the welding direction and, as a result, the torch can be mechanically 
aligned to the centerline of weld groove without visual observations of the weld wire position.  This 
represents a simplification and a potential improvement in the quality of the welds with the new inner 
welding head design. In the future, the video camera in the new contoured guide tube design will likely 
now be used as a secondary quality-control verification of the weld head position instead of having to be 
an essential part to executing the manual control of the positioning of the weld wire. 
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Fig. 21.  Jig used to shape contour of copper tubing. 

 
 
 
 
 

CONTOURED COPPER TUBE 



 

22 
 

 
Fig. 22.  Copper gas diffuses inert gas cup. 

 
 
 
 
 

 

 
Fig.23.  The standard screw threaded contact tip used in inner and outer welding torches. 
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Fig. 24.  Inner welding head installed at B&W Lynchburg, Virginia facilities. 
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7.  CONCLUSIONS 

 
The upgraded HFIR welding system represents a major improvement in the system used in welding HFIR 
fuel elements.  The new inner GMAW torch is capable of welding a ∼ 121 mm (4.75 inches) inside 
diameter aluminum tube that is up to 0.61 m (24-inches) in length and is a significant advancement over 
the GMAW torch that has been used for the previous 40 years to weld the HFIR element side plates.  
 
The innovative breakthrough in the new inner torch design is the modification to the previous design so 
that the direction of the cast using the 0.762 mm (0.030-inch) diameter aluminum weld wire is changed so 
that the weld wire from the contact tip is straight in the plane perpendicular to the welding direction 
without creating any significant drag resistance in feeding the weld wire.  The change in direction of the 
wire cast in the guide tube welding head design was accomplished within the 101.6 mm (4 inches) 
diameter envelope of the welding head by feeding the weld wire from one side and making the final 90° 
bend on a relatively large radius of curvature in order to set the wire cast parallel to the welding direction.  
As a result in the contoured guide tube design, the weld wire emerges from the contact tip is straight in 
the plane perpendicular to the welding direction.  The slight curvature in the weld wire in the plane 
parallel to the welding direction can be readily accommodated by the automatic welding power supply 
controller for variations in “stick out.”  Another innovation is the use of copper tube bent in the required 
configuration to shape the plastic guide tube. 
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APPENDIX A 
 
 

SUMMARY OF REQUIREMENTS FOR UPGRADING HFIR WELDING SYSTEM 
 

Component Requirement  
Inner welding head   
Diameter of welding head — maximum  4 in. (102  mm) 
Welding torch for GMAW with inert gas flow controls- 
water cooled   

Special design capable of 300 amp 

Wire feeder with straighter — integrated with weld 
controller 

Lincoln model 10R w straighter or 
equivalent 

Welding power supply  Lincoln model 455 STT R or 
equivalent  

Torch x- and y-axis precision servo integrated with weld 
controller   

Accurate to ±0.002 in. ∀0.051mm), 
min. travel capacity of 0.1” (2.54 mm) 

Arc oscillation (x axis) integrated with weld controller Yes 
Video camera to aid positioning torch (existing camera) Yes 
Mounting — existing lathe slide or new x-y slides  Option  
Torch x axis slide — adjustable and lockable (new or mod. 
existing)  

0 - 48 in.(0 – 1.22M), ∀0.015 in.(0.381 
mm) or comparable std. 

Torch y axis slide — adjustable and lockable (new or mod. 
existing) 

0 - 18 in. (0- 457 mm), ∀0.015 in.; 
(∀0.381 mm) ∀15º or comparable std. 

Electrical — weld head electrically isolated from ground Ground isolation > 1 Mohm 
Outer Welding Head    
Welding torch for GMAW with inert gas flow controls - 
water cooled   

Lincoln model LN4610-35-5 or 
equivalent 

Wire feeder with straighter — integrated with weld 
controller 

Lincoln model 10R w straighter or 
equivalent 

Welding power supply  Lincoln model 455 STT R or 
equivalent 

Torch x- and y-axis precision servo integrated with weld 
controller   

Accurate to ±0.002 in.( ∀0.051 mm), 
min. travel capacity of 0.1 in. (2.54 
mm) 

Arc oscillation (x axis) integrated with weld controller Yes 
Mounting — existing pedestal or new x-y slide Option 
Torch x axis slide — adjustable and lockable (new or mod. 
existing)  

0 - 48 in. (0 – 1.22M), ∀0.015 in. 
(∀0.381 mm) or comparable std.. 

Torch y axis slide — adjustable and lockable (new or mod. 
existing) 

0 - 18 in. (0- 457 mm), ∀0.015 in.; 
(∀0.381 mm) ∀15º or comparable std. 

Electrical — weld head electrically isolated from ground Ground isolation > 1 Mohm  
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Rotating Device of Al Pipe (fuel elements) for Welding      
Tooling interface Required  
Maximum weight to rotate 300 lb ( 136 kg) 
Rotating head — new or modify existing lathe head  Option  
Electrical — pipe to be electrically grounded during rotation Required 
Pipe OD welding capability 9 in. (229 mm)   to 19 in. (483 mm) 
Pipe ID welding capability 4.25 in. (108 mm)  to 12in. (305 mm) 
Overall pipe length welding capability  36 in. (914 mm) 
Rotational speed variable integrated with weld controller 0  - 6 rpm ( 0 - 0.63 radians/second) 
Programmable Power Supply Controller  Special design 
Operator Pendent Special design 
Data Acquisition  Option 
Industrial Control Skid Special design  
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