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Final Report 
 

No-Stick Nozzles, NSRP Welding Panel Project Subcontract 2003-304 
 
Executive Summary 
 
This project was proposed with an original vision of developing and deploying welding 
nozzles made from a metal which would significantly reduce, or even eliminate, the 
amount of spatter and slag that adheres to the nozzles during welding operations, 
resulting in a significant decrease in downtime due to nozzle cleaning and replacement.  
Unfortunately, the project was plagued with personnel changes, contractual difficulties 
and delays which significantly effected the project from its start.  The initial literature and 
patent search revealed that the perceived need was real, and that no one had successfully 
met the challenge.  At the onset of the project a material (Cu-Te) was identified that 
would perform as desired, but the increased cost factor was more than the return savings 
factor.  About the same time that that the material issue was determined to be a dead-end 
effort, a company (L&M Welding Supply) which was not part of the original proposed 
project came forth with a coating solution and a proposed test plan which was outside of 
the cost and scope of the project.  The company provided a limited set of coated nozzles, 
which, during use at two of the participating shipyards, proved to be a cost effective 
solution to the problem for one of the two yards.  The nozzles, as well as coated contact 
tips, are commercially available for purchase by any interested shipyards, and have 
demonstrated a minimum 3:1 increase in life at a 2:1 increase in cost, while reducing 
welding downtime due to nozzle cleaning by a factor of five. 
 
Introduction and Project Overview 
 
The idea for the project was generated by Bender Shipbuilding and Jeffboat LLC after 
observing a robotic welding system in operation at the Ship Works Robotics Laboratory 
(SWRL) at the Gulf Coast Regional Maritime Technology Center (GCRMTC).  The 
robotic welding program included a cleaning evolution in which the robot would finish a 
weld path, rotate up to a fixed wire brush, spin the nozzle on the brush several times and 
resume welding.  Observing the robotic evolution led to a discussion of time spent 
cleaning or replacing nozzles during manual and semi-automatic welding operations, and 
an assessment of the cost. 
 
Nozzles were obtained from the welders at Bender Shipbuilding and inspected for types 
of damage.  Pictures of the nozzles were taken and included in the white paper proposal.  
The typical causes of damage to the nozzles were interior slag adhesion, resulting in 
nozzle clogging, wire seizure and contact tip damage; slag adhesion causing an arc across 
the nozzle, effectively blowing out the end of the nozzle, and damage caused trying to 
clean the nozzles by banging, brushing or using pliers.  A rough estimate of the cost in 
terms of productivity due to frequency of cleaning and nozzle replacement was assessed 
in excess of $25K per year in small shipyards, resulting in the proposed project.  Pictures 
of the nozzles were taken and included in the white paper proposal.  The pictures are 
shown below: 
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Figure 1 - New Nozzle, Slag Damage, 
Arc damage, Plier Damage

Figure 2 - New Tweco Style 
Nozzle 

Figure 3 - New Nozzle Inside 

Figure 5 - Arc Damage Inside Figure 4 - Nozzle Arc Damage 
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As can be seen, there is significant damage to the welding nozzles from spatter adhesion.  
In many cases the spatter adhesion results in an arc across the nozzle, blowing out the end 
of the nozzle and rendering it useless.  Replacing a nozzle can take as little as a 5 minutes 
if the welder has a spare in his pocket, or as long as 30 minutes or more if he has to find 
one. 
 
Cleaning is typically done by banging the end of the gun on the structure being welded, 
or using pliers to remove bits of adhered slag.  This occurs every few minutes, and is not 
always effective.  It also causes damage to the ends of the nozzles, and does not 
necessarily remove any spatter adhesion from the contact tip.  In some shipyards an anti-
spatter spray is used, which is kept in a squirt bottle and applied to the nozzle and contact 
tips as necessary.  Some shipyards, such as Bath Iron Works, are prohibited from using 
the spray for environmental reasons. 
 
The project was proposed by Bender Shipbuilding as the lead shipyard, with Jeffboat, 
Bath Iron Works and Ingalls as participating shipyards, tasked to provide baseline 
welding information for nozzle usage, downtime and costs attributed to spatter adhesion 
and nozzle cleaning & replacement.  Edison Welding Institute was contracted to do the 
initial research and some weld temperature profile studies in order to provide some 
scientific baseline information for the project..  Alabama Laser Systems, a subsidiary of 
Alabama Specialty Products, Inc. was contracted to do the metallurgical development 
work. 
 
The project was set up in a three phase approach (1) data gathering, (2) new nozzle 
development and (3) testing and evaluation.  The project was scoped for a 9 month 
duration, and kicked off in September, 2002.  The project effectively ended in August, 
2003.  The project was plagued from the beginning with contracting problems, personnel 
changes and performance delays.  Although the results were not what was originally 
planned, results were obtained that met the intent of the project - identify a method for 
reducing welding downtime due to spatter adhesion related work stoppages.  The entire 
funded amount was not spent (less than 50% expended), which may allow for further 
development based on the findings of this project. 
 
Baseline Data 
 
The first tasks in the project were split between EWI and the shipyards.  EWI was tasked 
to identify any previous efforts to address the same problem which are described in 
literature or accessible through patent searches.  The shipyards were tasked to provide an 
assessment of downtime associated with nozzle and/or contact tip cleaning and 
replacement. 
 
Ingalls and Bath Iron works were only able to provide some anecdotal information which 
basically attributed between 15 and 30 minutes per day of down time to each welder due 
to nozzle cleaning or replacement, plus the replacement cost of approximately one new 
nozzle every two days per welder.  Jeffboat and Bender Shipbuilding provided more 
detailed hard data from observing welders over a discrete period of time.  The detailed 
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analysis revealed essentially the same down time profile as the anecdotal assessments, 
but provided some additional insight such as to the effects of different welding wires, 
shield gases, weld positions and weld complexity. 
 
Attachment 1 contains the table of data taken at Jeffboat and at Bender Shipbuilding at 
the start of the project. 

 
A summary of the baseline data captured at Jeffboat (note that not all data captured is 
included in the embedded file) follows: 
 
Baseline data (standard copper nozzle) 
• Captured 70 days worth of baseline data (original copper nozzles using anti-spatter 

dips and sprays) through 246 reports filled out by 15 different welders at various 
times from 8-27-02 to 12-23-02. 

• Conclusions in the baseline data analysis: 
• 129 nozzles used in 70 days 
• 99,029” (~8,252’) of weld with 129 nozzles  
• 17.5 hours of downtime during the study caused by (3) issues: 

• nozzle cleaning 
• dipping or spraying of anti-spatter chemicals 
• nozzle changes 

• 65 nozzles were changed for 135 flat welding evaluation reports 
• 64 nozzles were changed for 111 vertical welding evaluation reports 
 
At Bender Shipbuilding the baseline data was captured by observations over a two week 
period from 10/7 through 10/18, monitoring 4 welders in the small panel and fixtured 
subassembly area (Yard 1).  The majority of the welding was down hand welding of 
stiffeners on small panels, and welding of fabricated tee girders.  One welder was 
working on OSV pilothouse sides, which require fixtured welding in vertical and up-
angle positions.  The summary of captured data is as follows: 
 
Baseline data (Bender Shipbuilding), standard TWECO style nozzle 
• Captured 40 shift days over a 10 day period 
• All welders working in same area of yard, on similar work content 
• 24 nozzle changes in 40 shift days 
• 20.25 hours total down time out of 320 shift hours (240 effective working hours) 
• 8.5% lost arc time due to cleaning and changing issues 
• Anti-spat spray was used but not tracked 
 
The data from both Jeffboat and Bender validates the anecdotal data from Bath and 
Ingalls, indicating that nozzles are replaced on average every other day, and there is, on 
average, a 10 percent loss of arc time due to dealing with spatter adhesion related 
problems. 
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Literature and Patent Search Results 
 
EWI’s literature and patent search was completed and delivered in May, 2003.  There 
were no findings of any new metallurgy developed or proposed.  There were several 
patents identified that incorporated a non-stick sleeve made from ceramic or other 
materials.  There were no patents identified that addressed coating the nozzles or the 
contact tips.  Several of the patents addressed the temperature of the workpiece and the 
contact tips, identifying maximum operating temperatures between 6000 and 12000 deg 
F.  The general conclusion of the patent search report was that there are no practical 
applications of any of the patents in use today, and there are no hardware solutions to the 
problem raised in this project (loss of productivity due to slag adhesion) currently on the 
market.  The report is Attachment 2 of this deliverable. 

 
Further research by Bender Shipbuilding identified several companies that offer long life 
contact tips through improvements in metallurgy.  The most common material identified 
for extending the tip life was copper chrome zirconium, with 0.65% chrome and 0.08% 
zirconium.  This material has been used in contact tips for a number of robotic welding 
applications, but it appears that the primary benefit is longer wear life due to hardness, 
rather than reduction in spatter adhesion.  The material is not in widespread use. 
 
Metallurgy Findings 
 
Alabama Laser (a subsidiary of Alabama Specialty Products Inc.) was tasked to evaluate 
the effectiveness of various metallurgies for replacing the traditional all copper nozzles 
and contact tips.  The evaluation and development work was planned to occur following 
completion of EWI’s literature search and report.  Due to the delay in completing the first 
deliverable, the metallurgy evaluation proceeded without the benefit of the report. 
 
ALSPI had already commenced with a metallurgy development effort seeking a solution 
to nozzle deterioration in the LASOX project.  It should be noted that a laser cutting 
nozzle is a significantly different configuration and much smaller than a welding gas 
nozzle.  In fact, a laser cutting nozzle more closely resembles a welding contact tip. 
 
The following pictures illustrate the differences between the components.  The first two 
pictures show variations of a LASOX cutting nozzle, in which the laser beam and the 
oxygen jet are concentric. 
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The next pictures are of conventional manual welding contact tips and nozzles.  The last 
picture is a typical robotic welding torch configuration.  One of the main differences 
between robotic welding torches and manual welding torches is that due to the much 
higher duty cycle of the robotic torch, they typically incorporate either water cooling or a 
forced air cooling method.  In addition, the configuration of the nozzles and tips are 
designed to accommodate automatic reaming and cleaning systems, which are rarely used 
in manual welding operations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 - LASOX Shielded Nozzle Figure 7 - LASOX Unshielded Nozzle 

Figure 8 - FCAW Contact Tips 
Figure 9 - Conventional FCAW Nozzles 
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The development work on LASOX identified a copper-tellurium mix as significantly 
more durable in high heat conditions than pure copper, as well as being more wear 
resistant and far less susceptible to slag adhesion.  Copper tellurium is available from a 
number of sources as bar stock in a 0.5% tellurium concentration.  ALSPI fabricated 
several Cu-Te test nozzles for LASOX cutting, with good success. 
 
The material was then adapted to a robotic welding system employed by ALSPI in a 
fabrication cell.  Contact tips were machined from the material, and deployed on the 
robotic welder.  Only the contact tips and not the gas nozzle were fabricated due to 
manufacturing costs. 
 
 
 
 
 
 
 
 
 
 
Although the contact tips showed an effective increase in tip life and reduction in 
cleaning cycles, the material costs could not be reduced.  After evaluating the material 
and machining costs for fabricating nozzles, it was determined that it would be 
impossible to obtain enough of a cost benefit in operational savings to offset the material 
and fabrication costs. 
 
 
 
 
 
 
 
 

Figure 10 - Robotic Welding Cooled Tip Figure 11 - Typical Robotic Welding Gun 

Figure 12 - Robotic Contact Tips 

Figure 13 - Robotic Welding Gas Nozzles 
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The overriding factor is the availability of the material, which is only currently available 
as bar stock, and not as tube stock.  Fabricating a nozzle from bar stock results in 
excessive waste (as can be ascertained when comparing the contact tips versus the 
nozzles in the figures above), as well as increased manufacturing time, driving the cost of 
a nozzle into the +$30.00 per nozzle range.  Compared to the current $2.00 nozzles, the 
15X cost factor could not be overcome. 
 
However, the study by ALSPI does indicate that Cu-Te contact tips can be cost 
effectively fabricated from bar stock, and demonstrate a 5X factor of life increase over a 
3X cost increase in robotic welding applications.  ALSPI continues to use the contact tips 
in their robotic welding applications. 
 
Anti-Spatter Coating 
 
Following the early conclusions that the cost of the identified metals exceeded the cost 
benefit of incorporating them in welding nozzles, the project was effectively terminated 
prior to expending the majority of the funds.  However, during the course of the project a 
local Mobile welding supply company, L&M Welding, came forth with an unsolicited 
proposal to evaluate a coated nozzle using a proprietary coating called “Blackjack”.  The 
test & evaluation proposal far exceeded the scope and budget of the project, so a revised 
tasking was proposed and approved by the project PTR. 
 
The revised proposal provided for supply of 12 coated nozzles each to Jeffboat and 
Bender for side by side comparison with uncoated nozzles, with on-site monitoring at 
Bender for one week, while Jeffboat would monitor their own welding.  The nozzles were 
provided in August, 2003 and evaluated at both Bender and Jeffboat during the latter part 
of August. 
 
The coated nozzles were used without coated contact tips which effected the outcome to a 
certain degree.  However, the Blackjack nozzles, which cost twice as much as a standard 
slip on type copper nozzle, typically lasted 3 times longer than the uncoated nozzles at a 
cost of two times more. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14 Blackjack & standard nozzles Figure 15 Blackjack & Standard 
Nozzles After Use - Arc Damage on 

Right 
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Specifically, the nozzles used at Jeffboat lasted on average 1 week (5 shifts) without 
replacement.  Bender had the same experience, and did side by side comparison in the 
same work area with one welder using coated nozzles and the other using uncoated.  The 
welders involved in the tests both complained of slag adhesion on the uncoated contact 
tips, which caused work stoppage, but at less frequency than the original baseline 
observations. 
 
Welders at both shipyards complained that the coating on the coated nozzles tended to 
chip off during the normal cleaning routine of tapping the nozzle on the workpiece in 
between weld sequences.  The chipped areas then tended to collect slag, but at a 
significantly lower rate than an uncoated nozzle.  The issue appears to be more of a 
procedure development and training issue than a fault in the coating itself. 
 
Conclusions & Recommendations 
 
Although modifying the metallurgy to a copper tellurium mix proved to be a cost 
effective means of extending the life of contact tips in robotic welding applications, it 
was not cost effective for gas shield nozzles.  The primary reason is the lack of 
availability of the material in a tube or extruded form, resulting in high machining costs 
and excessive material waste.  If the manufacturers of conventional slip-on or threaded 
copper nozzles can identify a supplier of Cu-Te or even Cu-Cr-Zr (as identified through 
literature search) tube stock, then it is possible that the nozzles can be fabricated and sold 
at a cost effective market price. 
 
Meanwhile, the “Blackjack” coating has demonstrated in a limited evaluation that it is 
effective in reducing spatter related downtime in manual welding operations.  The 
Blackjack coating should be evaluated further in a complete and controlled test in order 
to fully prove its effectiveness in shipbuilding.  The proposal put forth by L&M to do 
such a test was on the order of $65K, and would require either close monitoring in a 
controlled production area, or lab testing using shipyard materials and procedures. 
 

Figure 16 Inside Damaged Standard 
Nozzle 

Figure 17 Inside Blackjack Nozzle 
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The Blackjack nozzles are available commercially from L&M Welding Supply in 
Mobile, Alabama.  More information is available from Paul Hancieri, 568 Western Drive, 
Mobile, Alabama 36607, 251-470-9997. 
 
Additional information about the study may be obtained from: 
 
Project Manager - Patrick Cahill, Bender Shipbuilding & Repair Co., Inc., 265 S. Water 
Street, Mobile, Alabama 36601  e-mail: cahi@bendership.com. 
 
Other project participants included: 
 
Joe Browning, Jeffboat (has since moved to a different company) 
Wayne Penn, ALSPI 
Dick Holdren, EWI 
Michael Ludwig, Bath Iron Works (GD) 
Lee Kvidahl, Ingalls (NGSS) 



NSRP Panel Project
No Stick Welding Nozzle

Final Status Report - Attachment #1 - Phase 1 Study Data

Area Name Date Application Process Gas Position
# Down time 
issues

YD1 Welder1 10/7/2002 small panel stiffeners FCAW w/gas CO2 flat 3
YD1 Welder2 10/7/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder3 10/7/2002 small panel stiffeners FCAW w/gas CO2 flat 0
YD1 Welder4 10/7/2002 pilothouse FCAW w/gas CO2 Angle up/flat 2
YD1 Welder1 10/8/2002 small panel stiffeners FCAW w/gas CO2 flat 0
YD1 Welder2 10/8/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder3 10/8/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder4 10/8/2002 pilothouse FCAW w/gas CO2 Angle up/flat 3
YD1 Welder1 10/9/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder2 10/9/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder3 10/9/2002 small panel stiffeners FCAW w/gas CO2 flat 0
YD1 Welder4 10/9/2002 pilothouse FCAW w/gas CO2 Angle up/flat 1
YD1 Welder1 10/10/2002 small panel stiffeners FCAW w/gas CO2 flat 0
YD1 Welder2 10/10/2002 small panel stiffeners FCAW w/gas CO2 flat 0
YD1 Welder3 10/10/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder4 10/10/2002 pilothouse FCAW w/gas CO2 Angle up/flat 1
YD1 Welder1 10/11/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder2 10/11/2002 small panel stiffeners FCAW w/gas CO2 flat 3
YD1 Welder3 10/11/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder4 10/11/2002 pilothouse FCAW w/gas CO2 Angle up/flat 4
YD1 Welder1 10/14/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder2 10/14/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder3 10/14/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder4 10/14/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder1 10/15/2002 small panel stiffeners FCAW w/gas CO2 flat 1
YD1 Welder2 10/15/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder3 10/15/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder4 10/15/2002 small panel stiffeners FCAW w/gas CO2 flat 3
YD1 Welder1 10/16/2002 small panel stiffeners FCAW w/gas CO2 flat 5
YD1 Welder2 10/16/2002 small panel stiffeners FCAW w/gas CO2 flat 3
YD1 Welder3 10/16/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder4 10/16/2002 small panel stiffeners FCAW w/gas CO2 flat 3
YD1 Welder1 10/17/2002 small panel stiffeners FCAW w/gas CO2 flat 2
YD1 Welder2 10/17/2002 small panel stiffeners FCAW w/gas CO2 flat 4

Welder3 10/17/2002 small panel stiffeners FCAW w/gas CO2 flat 3
Welder4 10/17/2002 small panel stiffeners FCAW w/gas CO2 flat 3
Welder1 10/18/2002 small panel stiffeners FCAW w/gas CO2 flat 1
Welder2 10/18/2002 small panel stiffeners FCAW w/gas CO2 flat 0
Welder3 10/18/2002 small panel stiffeners FCAW w/gas CO2 flat 0
Welder4 10/18/2002 small panel stiffeners FCAW w/gas CO2 flat 2

70



NSRP Panel Project
No Stick Welding Nozzle

Final Status Report - Attachment #1 - Phase 1 Study Data

Nozzle 
Cleanings Changes

time 
(min.) notes

2 1 45 nozzle arced & damaged
1 0 15
0 0
1 1 30 slag stuck on contact tip
0 0
1 2 60 nozzle arced, 2nd one bent with plier
1 0
2 1 45 slag in nozzle & tip
2 0 15 chipped off slag
0 1 0 arced nozzle
0 0 0
0 1 15 slag in nozzle & tip
0 0 0
0 0 0
0 2 30 old nozzle, second one slagged
0 1 60 wire feed jammed
2 0 30
3 0 45
0 1 30 arced nozzle
2 2 120 problems w/ feeder, tips & nozzles
1 0 15
1 0 15
2 0 30
1 0 15
0 1 30 slag adhesion
2 0 30
2 0 30
2 1 45 clogged
2 3 90 problems w/ feeder, tips & nozzles
1 2 60 clogged twice
2 0 15
2 1 45 clogged
2 0 15
2 2 90 arcing, tip worn
3 0 45
3 0 45
1 0 15
0 0 0
0 0 0
1 1 45 clogged

47 24 1215 20.25
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Final Report - EWI Project No. 46696CSP – Interm 



 
 
 
 
 
 
 
May 2, 2003 
 
 
 
Mr. Pat Cahill 
Bender Shipbuilding and Repair Company, Inc. 
P.O. Box 42 
265 South Water Street 
Mobile, AL  36601 
 
EWI Project No. 46696CSP, “Current Art - Novel Arc Welding Gas Nozzle and Contact Tip 
Designs” 
 
Dear Pat: 
 
Enclosed is EWI’s interim report for the above referenced project.  Please feel free to contact 
me at 614-688-5139 if you have any questions or comments regarding this project. 
 
Sincerely, 

 
Dick Holdren 
Principal Welding Engineer 
Arc Welding, Materials, and Automation 
 
Enclosure 
 
cc: Clark Kelly (L&M Welding Supply Inc.) 
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1.0  Introduction 
 
Arc welding processes are the workhorses for shipbuilding applications around the world.  
Among the numerous processes in this general category, one would venture to say that, today, 
more than 90% of the arc welding performed is either flux-cored arc or gas metal arc welding.  
In their most commonly applied configurations, they share several characteristics.  First, the 
working end of the process includes a welding gun, which can be handheld for semiautomatic 
applications or held by some mechanism that translates the gun (and therefore the welding arc) 
along some path in the case of mechanized, automatic, automated, robotic, or adaptive control 
applications. 
 
This welding gun, whether handheld or mechanically held, then incorporates some key 
components that are critical to the operation and control of the welding process.  These are 
referred to as the contact tip and gas nozzle.  The contact tip is critical in terms of the electrical 
characteristics of the welding arc, since this component is responsible for conducting the 
welding current from the power source to the mechanically fed electrode.  The gas nozzle is a 
component that concentrically surrounds the contact tip and directs shielding gas to the weld 
zone.  Should either component become damaged, worn or otherwise deteriorated, resulting 
weld quality can be directly affected in a negative manner. 
 
In the case of the contact tip, continued use will result in erosion of the soft copper as the steel 
electrode is fed through the contact tip’s internal bore.  If not replaced periodically, this erosion 
can lead to changes in the electrical characteristics which could eventually cause weld quality 
issues.  While the contact tip is responsible for conducting electricity to the welding electrode, 
the gas nozzle directs the shielding gas to the weld zone to assure that the molten metal does 
not become contaminated and result in defective welds due to porosity or other quality issues.  
Like the contact tip, high temperature erosion can cause deterioration of the gas nozzle; 
however, probably the greatest practical concern relates to the propensity for weld spatter to 
adhere to the end of the gas nozzle.  Should this spatter continue to build up on the gas nozzle, 
the normal result is a disturbance of the shielding gas flow to a degree that the molten metal is 
no longer being properly protected, and porous welds are created. 
 

2.0  Objective 
 
This project will explore various means for improving the life of these components by attempting 
to prevent the adhesion of weld spatter.  If this can be accomplished, improved life means that 
these components do not require replacement or maintenance as regularly as is currently the 
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case.  That then equates to improved welding productivity due to both increased “arc-on” time 
and reduced costs associated with improved weld quality and reduced repair and rework. 
This is certainly not a new problem; however, past attempts at improvements have failed to 
completely remedy the situation in a cost-effective manner.  The goal, therefore, is to develop 
some means of reducing weld spatter buildup and related degradation of gas nozzles and 
contact tips at a cost that is offset by the improvement in nozzle and tip life. 
This report will summarize some past approaches used by manufacturers and users to prolong 
the lives of these production components that are considered to be consumables.   
 

3.0  Description and Discussion of Patent-Protected Gas  
Nozzle and Contact Tip Designs 

 
3.1 Reference 1:  Electric Arc Welding Gun Having a Nozzle with a Removable Liner to 
      Protect the Nozzle from Weld Splatter (U.S. Patent Specification No. 3,690,567) 
 
Reference 1 is one of the earlier patents on the subject of gas nozzle protection devices.  The 
approach taken by Mr. Borneman, as described in this patent, is to provide protection to the end 
of the gas nozzle by the installation of a disposable metal liner that covers the inner surface of 
the gas nozzle near the exit end as well as the exposed end of the gas nozzle.  The patent 
states that this approach is aimed specifically at the elimination of spatter buildup on the end of 
the gas nozzle.  The concept here is to eliminate the time required to clean gas nozzles of 
accumulated weld spatter by simply requiring the welder to remove a spatter-laden liner (that is 
then discarded) and replacing it with a new liner.  This operation takes only a few seconds and 
allows the welder to quickly return to productive work. 
 
The patent does not disclose that the replaceable liner is a material other than steel; however, it 
appears that it could be made of various materials and still be covered by this patent.  The 
patent does describe a number of different liner designs and various means for mechanically 
lodging the liner in its working position.  These various designs are intended to allow for easy 
installation and removal, while still assuring that the liner remains in its proper position during 
welding. 
 
3.2  References 2 and 3:  Tubular Shielding Gas Nozzle (U.S. Patent Specification No. 
       1,332,226) and Composite Insert for Gas-Shielded Welding Torch Nozzle (U.S. Patent  
      Specification No. 1,373,501)  

 
References 2 and 3 above will be discussed together since they describe separate components 
of a composite shielding gas nozzle design, with Reference 1 describing the nozzle (referred to 
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here as the nozzle concept) and Reference 2 describing the composite insert for that nozzle 
design (referred to here as the insert concept). 
 
The key feature of the nozzle design is that it has an inner surface comprised of pyrolytic 
graphite.  This is accomplished be either manufacturing the entire nozzle from the graphite 
material, or incorporation of a graphite liner that is described in the accompanying patent 
(Reference 2).  The purpose of this nozzle design is to prolong the life of this component by 
reducing the tendency for spatter buildup and degradation related to that buildup and the high 
temperatures generated by the the welding arc.  As such, the purpose of these inventions were 
identical to what is being attempted in this current study.  It is interesting to note that this patent 
establishes the potential temperatures generated by the welding arc to range from 6,000 to 
12,000°F.  It does not quantify the exposure temperatures expected on the surface of the gas 
nozzle; however, it certainly implies that those surface temperatures are high enough to result in 
significant degradation of the nozzle. 
 
A key element of these patents is the incorporation of pyrolytic graphite for either the entire body 
of the nozzle or as an insert that covers the inside surface of the nozzle.  The pyrolytic graphite 
material was chosen primarily for its ability to withstand the extremely high temperatures 
emanating from the welding arc.  Additionally, the graphite will tend to resist the accumulation of 
spatter on the inner surface of the nozzle because of the reduced tendency for the weld spatter 
to adhere to the surface of the graphite.  These patents also take advantage of the fact that the 
pyrolytic graphite exhibits anisotropic properties in terms of its thermal conductivity.  The patent 
prescribes the orientation of the graphite material such that the heat from the welding arc is 
most efficiently conducted away from the source of that heat, thereby reducing the degree of 
degradation of the nozzle. 
 
As noted above, the nozzle patent covers the case where the entire nozzle is graphite or those 
cases where a graphite insert is inserted into the inside diameter of the copper nozzle and 
somehow secured to that nozzle to assure good thermal conductivity through the graphite and 
to the outer surface of the copper nozzle.  The preferred design, because of its increased 
robustness, is the nozzle design that incorporates a graphite sleeve inserted into and secured to 
the outer copper nozzle.  This attachment is usually accomplished using a shrink-fit technique in 
which the copper nozzle is heated to a temperature that causes it to expand to a size large 
enough to allow the insertion of the graphite sleeve.  Then, upon cooling, the shrinkage of the 
copper nozzle holds the graphite sleeve in place.   
 
The nozzle patent also mentions that the exposed end of the contact tip may also be protected 
by the use of a graphite sheath to result in increased life. 

 46692CSP/R-1/03 3



 

 

 
3.3  Reference 4:  Consumable Electrode Type Arc Welding Contact Tip (European  
       Patent No. EP0324088) 
 
This particular patent differs from the previous references in that it applies only to the contact tip 
and not to the shielding gas nozzle.  Similar to these previous references, this invention 
incorporates some type of integral wear-resistant liner to the bore of the contact tip.  This liner 
may be present only at the exit end of the contact tip or extend the entire length of the bore. 
 
This liner, as described in the patent, can take on a number of different configurations, 
including:  partial bore length, complete bore length, machined insert, or coiled wire inserted into 
recess in contact tip.  In each of these cases, the insert material is a more wear resistant 
material than that typically used for these components.  Since the key performance factor for the 
contact tip is to provide effective electrical contact with the electrode being fed, the material 
used for the insert must exhibit relatively low electrical resistance so the end of the contact tip 
does not overheat due to resistance heating effects. 
 
Consequently, the ideal material for this insert is one with high electrical conductivity (low 
resistance) and with excellent resistance to the abrasion of the sliding electrode acting to 
enlarge the bore.  Should a material be used that does not provide both of these key elements, 
premature failure or process degradation will occur.  If the resistance of the material is too high, 
it will overheat and deteriorate prematurely, and if the material has insufficient wear resistance, 
the bore will enlarge to the extent that the process variables exceed limits of acceptability. 
 
The patent describes the bore liner material as a chromium-copper alloy having a chromium 
content between 0.1 and 5%.  One would surmise that the higher the chromium content, the 
greater the wear resistance; however, there would be a penalty in terms of how much 
degradation would result from the higher heating effects from the increase in resistance. 
 
The patent also provides numerous configurations for this contact tip insert.  In some 
configurations, the insert only extends a short distance from the end of the contact tip while 
other liners extend the entire length of the bore.  One configuration involves the production of a 
tight coil of the chromium-copper wire that is inserted in the end of the contact tip.  The contact 
surface for the electrode then becomes the inside surface of the coil.  The patent also describes 
various configurations with different means of mechanically trapping the insert in the contact tip 
so it remains in place during the welding operation.     
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3.4  Reference 5:  Protective Gas Nozzle for a Gas-Shielded Welding Torch with an 

s 
t tip and gas nozzle protection devices.  The description is limited here because of 

anslation problems, but from illustrations and the abstract some sense can be made of the 

 
n 

erence between this approach and that 
escribed in the previous patent is that this design provides more protection of the contact tip 

t 
ned to 

eplaced when spatter buildup becomes excessive or the arc 
eating causes the insert to become deteriorated to a degree that it no longer serves its 

act tip 

 then machined into its final configuration, it provides a contact tip with 
xcellent electrical properties (low resistance) and good resistance to abrasion from the action 

 

 bulk 
 to 

ellent electrical conductivity.  When 

       Insulating Sheath at the Current-Contacting Tube (European Patent No. EP0372429) 
 
This patent, from Germany and only available in German other than a brief abstract, describe
both contac
tr
invention. 
 
The contact tip protection is provided by a two-piece device that includes both a wear-resistant 
sleeve covered by an insulating casing.  This design is aimed at improving contact tip life by
reducing the wear effects of the sliding electrode and protecting the contact tip from degradatio
due to overheating due to the arc.  The primary diff
d
end from the degrading effects of the welding arc. 
 
The other aspect of this patent involves a sleeve-type insert for the gas nozzle, similar to tha
described in Reference 1.  From the limited information, it appears that this insert is desig
be a consumable, which gets r
h
intended purpose effectively. 
 
3.5  Reference 6:  Gas-Metal-Arc Welding Contact Tip (International Patent No. 
       WO9965635) 
 
The last patent reviewed from this search involves another contact tip design.  A number of 
claims are made in this patent, but the key feature is that the material from which the cont
may be manufactured is a powder metallurgy alloy of copper and ceramic materials.  When 
manufactured and
e
of the electrode. 
 
While the invention also covers contact tips produced with specific physical features from 
conventional copper alloys, one key feature is the embodiment where the component is
produced from a composite material.  The specific composition of that composite material 
material is a copper-graphite mixture that includes up to 20% graphite.  The mixture is 
compressed and sintered using conventional powder metallurgical techniques to produce a
density higher than 80% of the ideal densities of the solid counterparts and then machined
shape.  Specific crystalline forms of graphite have exc
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properly manufactured, the graphite alloying will provide reduced spatter adherence and 
increased lubricity for improved electrode feedability. 
 
Another embodiment of the invention has the contact tip lined with a cylindrical insert comprised 
of a ceramic material, including, but not limited to:  aluminum oxide, boron carbide, silicon 
carbide, silicon oxide, aluminum nitride, zirconium oxide, boron nitride, or any mixture of these 
substances.  In this configuration, the ceramic insert limits current transfer to the front end of the 
ontact tip, minimizing the occurrence of burnback.  When used, this insert only extends part of 

s 
ore 

ged radius of curvature and bulbous shape which 
aximizes metal mass at the front end to reduce the operating temperature of the contact tip;  

and the possible inclusion like carbon which 
nhances the ability to reject spatter buildup. 

ses where the 
lectrode is continously fed has been on the minds of numerous individuals, almost since the 

re 

 
are 

e 
anding these elevated temperatures, the 

omponents are also required to provide good feedability (contact tips), good electrical 
er 

inventions described “consumable” components that are inserted in gas 
ozzles and then simply discarded and replaced when no longer performing effectively.  In other 

c
the way from the back end of the contact tip and is intended primarily for guiding the electrode 
through the bore. 
 
To further improve the robustness of the contact tip in the high-temperature operating condition
adjacent to the welding arc, the outside diameter of the contact tip is increased to create m
themal mass.  Other unique features of this contact tip design aimed at improving contact tip life 
include:  no chamfer at the outlet part of the wire feed aperture for enhanced current transfer, 
lower operating temperatures and freedom from microspatter entering the opening of the 
contact tip adjacent to the electrode;  an enlar
m

of an extra-hard protective layer of diamond-
e
 

4.0  Summary and Conclusions 
 
The idea of designing a better gas nozzle and contact tip for arc welding proces
e
introduction of those welding processes.  The patents discussed herein only describe the mo
recent concepts that have gained approval by the various patenting agencies. 
 
In most cases, the approach has been to apply either additional components or coatings to
existing components to improve their life.  The environment in which these components 
intended to operate are quite severe, with maximum operating temperatures somewhere in th
range of 6,000 to 12,000°F.  In addition to withst
c
conductivity (contact tips), good abrasion resistance (contact tips), and resistance to spatt
adherance (both contact tips and gas nozzles). 
 
A number of the 
n
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cases, some type of coating has been applied for insulation, spatter resistance, temperature 
resistance, etc. 
 
While some excellent ideas have been put forth, the fact that they are virtually nonexistent in 

ponents 

The degree to which the results of this project will be patentable will be up to some 
terpretation; however, there is a good chance that patentable concepts could result.  

Nozzle from Weld Splatter”, U.S. Patent Specification No. 3,690,567 (Sept. 12, 
1972). 

2. .S. Patent Specification No.1,332,226 (Oct. 
13, 1973). 

3. 
 1,373,501 (Nov. 13, 1974). 

(July 19, 1989). 

5. zzle for a Gas-Shielded Welding Torch with an Insulating 
Sheath at the Current-Contacting Tube”, European Patent No.  EP0372429 (June 13, 1990). 

 
6. Villafuerte, Julio, “Gas-Metal-Arc Welding Contact Tip“, International Patent No. 

WO9965635 (Dec. 23, 1999). 
 

real manufacturing operations indicates that they really have not been perceived as being 
economically feasible.   
 
With that in mind, the efforts of this project should concentrate on the creation of com
that are both low cost and performance enhancing.   
 

in
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Appendix A 
 

Electric Arc Welding Gun Having a Nozzle with a Removable Liner to Protect  
the Nozzle from Weld Splatter 
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Appendix B 
 

Tubular Shielding Gas Nozzle 
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Appendix C 
 

Composite Insert for Gas-Shielded Welding Torch Nozzle 
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Appendix D 
 

Consumable Electrode Type Arc Welding Contact Tip 
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Appendix E 
 

Protective Gas Nozzle for a Gas-shielded Welding Torch with an Insulating  
Sheath at the Current-Contacting Tube 
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Appendix F 
 

Gas-Metal-Arc Welding Contact Tip 
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