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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:



Figure 1 - New Nozzle, Slag Damage,
Arc damage, Plier Damage

Figure 2 - New Tweco Style
Nozzle

Figure 3 - New Nozzle Inside

Figure 4 - Nozzle Arc Damage

Figure 5 - Arc Damage Inside




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



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)
e 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:
o nozzle cleaning
o dipping or spraying of anti-spatter chemicals
o nozzle changes
e 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.



Literature and Patent Search Results

EWT/’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.



Figure 6 - LASOX Shielded Nozzle

Figure 7 - LASOX Unshielded Nozzle

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.
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Figure 8 - FCAW Contact Tips

Figure 9 - Conventional FCAW Nozzles




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

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.

T&4RET-45 14RZ-45

Figure 12 - Robotic Contact Tips

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.

REL24-75 REL24-62F

Figure 13 - Robotic Welding Gas Nozzles




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




Figure 17 Inside Blackjack Nozzle Figure 16 Inside Damaged Standard
Nozzle

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.



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)
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NSRP Panel Project

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

No Stick Welding Nozzle

Area
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1
YD1

Name

Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4
Welderl
Welder2
Welder3
Welder4

Date Application
10/7/2002 small panel stiffeners
10/7/2002 small panel stiffeners
10/7/2002 small panel stiffeners
10/7/2002 pilothouse
10/8/2002 small panel stiffeners
10/8/2002 small panel stiffeners
10/8/2002 small panel stiffeners
10/8/2002 pilothouse
10/9/2002 small panel stiffeners
10/9/2002 small panel stiffeners
10/9/2002 small panel stiffeners
10/9/2002 pilothouse

10/10/2002 small panel stiffeners

10/10/2002 small panel stiffeners

10/10/2002 small panel stiffeners

10/10/2002 pilothouse

10/11/2002 small panel stiffeners

10/11/2002 small panel stiffeners

10/11/2002 small panel stiffeners

10/11/2002 pilothouse

10/14/2002 small panel stiffeners

10/14/2002 small panel stiffeners

10/14/2002 small panel stiffeners

10/14/2002 small panel stiffeners

10/15/2002 small panel stiffeners

10/15/2002 small panel stiffeners

10/15/2002 small panel stiffeners

10/15/2002 small panel stiffeners

10/16/2002 small panel stiffeners

10/16/2002 small panel stiffeners

10/16/2002 small panel stiffeners

10/16/2002 small panel stiffeners

10/17/2002 small panel stiffeners

10/17/2002 small panel stiffeners

10/17/2002 small panel stiffeners

10/17/2002 small panel stiffeners

10/18/2002 small panel stiffeners

10/18/2002 small panel stiffeners

10/18/2002 small panel stiffeners

10/18/2002 small panel stiffeners

Process

FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas
FCAW w/gas

Gas
CO02
CO2
CO2
CcO2
CO02
CcO2
CO2
CcO2
CO2
CO2
CO2
CO2
COo2
CcO2
COo2
CO2
CO02
CO2
CO2
CcO2
CO2
CO2
COo2
COo2
CO02
CcOo2
CO2
CO2
CO02
CcO2
COo2
CcOo2
CO2
CO2
CO2
CcOo2
CO2
CcO2
CO02
CcOo2

Position

flat

flat

flat

Angle up/flat
flat

flat

flat

Angle up/flat
flat

flat

flat

Angle up/flat
flat

flat

flat

Angle up/flat
flat

flat

flat

Angle up/flat
flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

flat

# Down time
issues
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NSRP Panel Project Final Status Report - Attachment #1 - Phase 1 Study Data
No Stick Welding Nozzle

Nozzle time

Cleanings Changes (min.) notes

45 nozzle arced & damaged
15

30 slag stuck on contact tip
60 nozzle arced, 2nd one bent with plier

45 slag in nozzle & tip
15 chipped off slag
0 arced nozzle
0
15 slag in nozzle & tip
0
0
30 old nozzle, second one slagged
60 wire feed jammed
30
45
30 arced nozzle
120 problems w/ feeder, tips & nozzles
15
15
30
15
30 slag adhesion
30
30
45 clogged
90 problems w/ feeder, tips & nozzles
60 clogged twice
15
45 clogged
15
90 arcing, tip worn
45
45
15
0
0
45 clogged
1215 20.25
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Attachment 2

Final Report - EWI Project No. 46696CSP — Interm
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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,

e il

Dick Holdren

Principal Welding Engineer

Arc Welding, Materials, and Automation
Enclosure

cc: Clark Kelly (L&M Welding Supply Inc.)

1250 Artrr E. Adams Dirve = Columbus, Ohic 43221 « (514] GR8-5000 « FAX: (B14) B88-5001 « hilpowwear.owang



May 2, 2003
EWI Project No. 46696CSP

Current Art - Novel Arc Welding Gas
Nozzle and Contact Tip Designs

Submitted to:

Bender Shipbuilding and Repair Company, Inc.
Mobile, AL

i
Materials Joining Technology Ew'



Report

Project No. 46696CSP

on

Current Art - Novel Arc Welding Gas Nozzle and Contact Tip Designs

to

Bender Shipbuilding and Repair Company, Inc.
Mobile, AL

May 2, 2003

Dick Holdren
EWI
1250 Arthur E. Adams Drive
Columbus, OH 43221
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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

ELWi 1 46692CSP/R-1/03




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.
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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
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, describes
both contact tip and gas nozzle protection devices. The description is limited here because of
translation problems, but from illustrations and the abstract some sense can be made of the
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 degradation
due to overheating due to the arc. The primary difference between this approach and that
described in the previous patent is that this design provides more protection of the contact tip
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 that
described in Reference 1. From the limited information, it appears that this insert is designed to
be a consumable, which gets replaced when spatter buildup becomes excessive or the arc
heating causes the insert to become deteriorated to a degree that it no longer serves its
intended purpose effectively.

3.5 Reference 6: Gas-Metal-Arc Welding Contact Tip (International Patent No.
W09965635)

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 contact tip
may be manufactured is a powder metallurgy alloy of copper and ceramic materials. When
manufactured and then machined into its final configuration, it provides a contact tip with
excellent electrical properties (low resistance) and good resistance to abrasion from the action
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 bulk
density higher than 80% of the ideal densities of the solid counterparts and then machined to
shape. Specific crystalline forms of graphite have excellent electrical conductivity. When

ELWi 5 46692CSP/R-1/03




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
contact tip, minimizing the occurrence of burnback. When used, this insert only extends part of
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 conditions
adjacent to the welding arc, the outside diameter of the contact tip is increased to create more
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 enlarged radius of curvature and bulbous shape which
maximizes metal mass at the front end to reduce the operating temperature of the contact tip;
and the possible inclusion of an extra-hard protective layer of diamond-like carbon which
enhances the ability to reject spatter buildup.

4.0 Summary and Conclusions

The idea of designing a better gas nozzle and contact tip for arc welding processes where the
electrode is continously fed has been on the minds of numerous individuals, almost since the
introduction of those welding processes. The patents discussed herein only describe the more
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 are
intended to operate are quite severe, with maximum operating temperatures somewhere in the
range of 6,000 to 12,000°F. In addition to withstanding these elevated temperatures, the
components are also required to provide good feedability (contact tips), good electrical
conductivity (contact tips), good abrasion resistance (contact tips), and resistance to spatter
adherance (both contact tips and gas nozzles).

A number of the inventions described “consumable” components that are inserted in gas
nozzles and then simply discarded and replaced when no longer performing effectively. In other
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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
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 components
that are both low cost and performance enhancing.

The degree to which the results of this project will be patentable will be up to some
interpretation; however, there is a good chance that patentable concepts could result.
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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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ELECTRIC ARC WELINING L™ HAVTHG 4
NOEELE WITH A HEMOPVABLE METAL LINER T
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1he Form of 6 thin-walked wibke. It & an sy mallsl S
iy ther bl Tiser 0n of the possde and b slip in & new
lirar,

The bnes pary b refaieed by loring o pocbon of i 33

mnrvslee will b o oval shaps 8o that the ovel ponion
maist b sompresed (o insert o Bner ingo Ba moezle,
When the liner had bees mseried, he omal porsion
mprng cubsadly o thil the leor i I'ri:liml}
renaleed inthe aoszle.

MMMWHmehM
mmdMMmmummunm
Sorme of spriag Gaperns o dimplke shaped In
some crees;, the noade mey be fermesd an inferzal
sl g, or an intsreal el srtace, inom-
g e et Soomecions on th liner

FOG. 14 i i et el evatiom of g limer shown in FRGS.
i
= o fmpmemery longinnsl secfion shows
g anathar mod fod liser and poole comtrocsen
FIGE 16 i P plervation of du Conseie i shown
I FG. 15
FIR. 1 ponsidered s preater detud, Bustrsss s am-
bisEment of B fevention, in the form of & noede as-
semibly 30 for o weldng pen 1. T will be seeh tha e
gun 13 ompriess 5 body B which suy be
miake of Mt covered wath rebher or some o i
latinig meviecial. Any oiher seltuble teilertal moy b o
pikoyed fn ihie baody 24,
As llsiared, oo adapier busking nr exienson 18 &

¥ mounted om 5 wihuler guide 3, which b tum s

muriisbed om the bty 34, An aoal bore 30 i Gl n
e Bubuilar guidle 38 b recciv e welding member 32
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FIG. 11 illefirates snniher mociiled noogle 488 hay-
Ing o baere D opensg 454 In this case, B noolo £S48
formed with u tapered anmlar sirfece 455 whicli eon-
necti with B roar el of the bore 484 6 will be ssen
that the lresr 356 of FIGES. B ol 9 s canstesd witkin
the bore 454, The Smples 268 v In engapement with
ife0 the Doaels 428, ol denphes 260 agring cutwandly
when they encousber the npeted surface 455, Irwill be
encarstnad that the limer 156 of FIOS. BT an also be
[msined inl the e 454, bn that cuse, S fingess 108
spring cutwsrlly s engege the inpered anfsce 455,

FIGS: 13-14 Sunine apdther medificl lmos 458
which = peraraily cylindrical in shape bul is formed
with un ogtwmndby progeciing flange 558 & fis foalend
I this cass, the lampe 558 &= rolled or curled from the
sl of the Bais 556

T jrusidhe fur retention of the lner 886, it b splii s
thaw 4 gap 56 & formed in il cincamfeence. The ing-
=l dizmeter of tha liner 556 & made greass than e
ininier of the opemng 34 i the ooeele 48, Thes, 1he
linsr 556 musil ke comnjrmsed when il s o e mee red
imo ihe upening 54, Suzh clrmes the gap
Sl or o e redluces |5 widil When e liser 555
has bees jreerind, o prnp cutwarly Imio Mool
ciipigeiieen with the nodsle 48 witben the cpemng 34
The flange 858 inowesees the wiTness of e lisr 556
s Lhal the spring oessrs hetweon tha liner and e
mozle i increased. The Neage 558 makes it oy o
g iha Bner B85 when ic & 1w be renaeyvodl from the
reezle 4.

FIIS 15 and 16 dhusems o wedifed consirnssion is
which bt e peoale and the Ener are madified. The
Imer & Imensd lmm the rear of the nonlde rmler dhas
from the frodl This, e mEde Suel bo unscewed
from the wakiing gun when the liner & io be inssmed.

Specifically, FHIS. 15 ond 18 ilksirain 5 modified
matede G40 Biiving & Bae of opening 654 buorin. e
find the bore 684, fha nomde 428 has an enlarged boe
655 Ai previomly described, the imerally thrasded
porton 53 b0 the rear of dee enlarged o G55,

A Encr 656 i adapinl i he inserted (neo the bom
654 Toogh the enfargsd bove 855 L B roar of e
b 484, Tha Tmer 656 i genecally cylindrical
miert ] af the rear end dueseal. The flangs G608 i of
yech a gire that it con be irseried through the enfnrged
bere G55, The Nange S60 wizh u rear-
wandly facing shoolder &6 wkich s Gl withn the
noozle Tl batwenn the bops &8 and enlarped booe
ward mareeman o of tha noedo G,

T prevenl cesrwand movemen: of the Bner 886 2 s
peelemead o i af dlesve A3 willsn the
o T e T
$83 i jrelembly o of an clecrizally insubing
maletial. such o6 6 hesl seiistan plaglic, When Be nox-
Fﬁmwmmmmﬁ{

1, A=z gleciric arc welding pun constricton,

oorigetisng @ metal somle menher having an asisl

penerally cvlindrical opasing of substastsily cie.
cubey crom section i the meter ewd pertion of el

11

o

50

an

&F

]
nuss menmter for dineciing an iterl gas ngainst

mml & ipholer penerally eylinddes maind Ener
restovulsly wlip fitted within ol geoceally cxlisin-
:-tﬂilmI:'lu proftecing sl moxle e
from weld splamer,

eaisd matal liner hiving o sshatanssally luger mner
sige: than the owter size of @i U memsber to e
widt an snmler spacy Sumvherween fod lhc
g o i inedt g9,

il liner haviag & setaining chirmem for remosably
holding =il limer in sail soezle mesber sgain
moctoemal didodg e,

T A weldisg gun constsuction accoedng o dsim 1,

i which sald fenditdig démmesl of wid Bner com-
prisea s wall pratlon thereof foemal B an sval

than the dSwscter of woid generally oyl indrioal
opoming whershy ssiil wnll poition mist be oom-
113 e for imsertion of wbd Iner |
.E'Luﬂ prevaade Jor ET LTk
it wall purtum bong sffective o pring outeandly
rliﬂlndtutlﬂn-ﬂlhwlnuuam.

;Am]ﬁz:-_ mozoring to chaim 1,
which Felnining clemienl comprass al kst
one wll projeoeing sitsandly lrom el
iner nmd with mid mregls

B & weliing g comlniction scconding o ladm 3,
m which med wall partinn compiises & spring finger
struck  loodi denid lingr and  beni
therefrom for frctional engagenet with wid nog-
e membher withe nid penamily cylsilbod opes-

Eapeied durface wiikin =3l genemlly cyindrical

E A welding pun constnuetios accoedng in clsim 1,

i whieh send Ener i mmeans fomiisg isi open
split in the ciecumBerence thereod and extarding
niiraly thove gh the will of sl Ener,

sl limer being of § dimensdon greaies tia the st
of gald opesing wheersty vid o miet b oom-
eessad for inserdon inio sshd generally cxlimdricl
opening,
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Tubular Shielding Gas Nozzle
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PATENT SPECIFICATION

DRAWINGS ATTACHED

(21} Applcatlon Mo, 44264771
(31} Canventigs Appiication Mo, 108 Oed
133) Undted Sanies of Americn (U5
144 Complete ifcation publi
(A1) Tngrnatbanal Classificntion HI3K 916
(33) Index a1 nocepeance

BIFE. 31 3 37A1A 3TALD 3TALE

FISH 21ATH

23] Filed 123 5¢

3 Oel 1971

(10F

1971
(¥} Filed & Jan. 1971 in

154) TUBULAR SHIELDING GAS NOZZLE

[Tl We, Perex Inc., oed ATe PRO-
murTs & CHEMcas, Inc., bath m:Eu:-
tioiws onganized onder the laws af the St
of Doloware, United Staes of Amearica, pe-
speciively of 235 Eait 42nd Siresd, Mew

ark, amdl of Tost
Office Box 538, Allentown, Staks of {«
vanst, Umited Seaies of America, do he
doclzre the mvenidon, for which we peay
that a ni may be gointed 1o s, and
the nd which it ix 1o be perfosmed,
to be pari ¥ described bn and by (ke
fallowing statement i—

This mvention refates o dhe tubuloe
noezle for the fie of a gseshielded g
wekling inrch. A pas such as 00, belivm,
argoik, af 8 emisture thersod s passed
through and owt the nozls of the torch
i shiekl ihe weld {rom ¢omtamination by
impurilies from the miroussling  simos-
phere. The inner wall af be poele is 2
tered wihh welding nsterial, which in &
relatfvely sharl pemod of time feg. nbout
1 heur of averzge usel wust Be clonsd,
This well splatfer problem and ikbe ex-
treenedy high semperntures aithined dusing
'.uldingﬂ{ w H000-12000°F.) Fimit the
mseful Bl of o tvpical noerle ossd joday
in commercial ing iomckes The life of
o noged: waries with opersting conditions;
veder average conditss Belng abost 40
leniits; while wnder severs conditions the
noFEls  roqquires in o rels-
tivcly shoster tlme. Similar weld splobier
problems are enconmiersd with respec 10
the owier sarface of wire contnct tubes fa
welding dosches which redoce the wsefisl
IHe {eg aboal 4 hours ender sverage us=)
off the subes

The pressnt invention provides o iwbulsr
shishling g1s noxrle adapled to be ween
to the nose of a gaseshiclded sre-wekling
torch such that L surrounds 1he fereh gles-
iriade and having an fmner surfics  come

43 prising pyrolytic grphite hoving the a-h

Py

planas orisnied comoentric wilh 1he
of said jubalar sozele, whereby ssid nogzle
I T T
the a tler amd
Buildu nll::a)]il.ll:: is .I:‘él.l.hmﬂ:l
of = fplatter from
incilitnied. Asc 2 result af il
berence of weld s
and 1ime am 1o clean the pyro-
hzle graphits
The provision of the surdice of pyro-
Ttic gnlﬁlﬂ: may be convenlently acoam-
plished moanting & twbular insert of
E};‘ﬁhﬂiu praphits within (ha exit esd of
nepe, or by manulacturing the eotine
odgle of orenied pyrobytic gaphie. A
weldiez  forch  comprising the nomle |
opdicmally provided with o wire eanlact tube
having an ;ier sarface of coocentrically
arienra] pyrolidic hite,
 Featires and sdwstoges of the preses
sventica  will upparent. 1o ooe
::I.'Jllnl_inlhemlmmnmdlu;u[ﬂc
{.E!].In'rm.g dtmip:].;::l:iu. usction with
nccompinymg dmawing in simllar
reference charnciers refer 1o similny pars
r:ﬂ.{l Jl-llﬁch:
iz a schematic rem al a -
shickled  welding rnn:hlﬁ:fillt mucifr‘d
:Mm&nﬁﬂnnldlmmm:

removable |

JFip 3 2 n longitudingl erves-ssctimmel
view of fromt pomion of the forck
shomm s Fig. I

Flg, 3 i & longitodingl cross-sectional
view af the fromi portian of snetler £=23-
shiglded weldimg sosch:

Fig 4 a2 cross-sectiomal view ke
throezh Flg. 3 along the lne d4-4: and

- 5 i% n crosi-sectionz] view of @

n

As s kmown, Iyt graphite |
hizthly unhd%ﬂ?ﬂ: tEy ‘t:um ﬂ?i::
oficrided crysis sirecture, which eom-
prises & sefice of parallel layers or planes

1332 226
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E ]

1]

L]

“n;lq.-u: ) i Iwu:-
many times grea

ﬁm Ih.lmm then in the e-diree-
E 1o thoss pinnes. The
lower 7 lo weld spfniter schiewed
h_:.'mu;:.?:.g pehii i g I:HE

ERiphile  gIves fise 00 (o QM-
L resulrs & snbstantial pro

e it ]
ton of e wilkd :'-pllllnr It j!r':“.‘-n1|h‘l H:I-u
sticking #o the smeface an afl Sscamdly,
amuount of weld splafier which acia l]-l.th:
afhere 1 the surlece of 4 morrle or come
macd lube is much msier o remove besiis

it dooy nit hecome femly boaded po the
Ill,f:;l it does m the o=
alher surfooey
Ay shows In Fig, 1 .Tﬁ'l‘ ar-shisifed
ur-: welding 1oech 10 [s heing used io farm

T:H]I;‘ _bﬂnﬂn :|In.'| plates 14 F-id I!E:
Torch i mommected 10 EnE EE
r.i'.:h Iz hiri . I mg -ufndéeld-
LITES L E 1 darf . a T a
Emrufﬂdﬂﬂrﬂmm{jzﬂ
-hurkmmrmmmntw{u[muw-
m wire .ﬁ.fpuw pply 1 which mux
IJr:thn.'l. Wnﬁlluﬂﬁm&ﬂh-
reees tanch and workpleces (4 ond
1. Turch lﬂhﬂlmwhn‘l.lﬁlziﬂ
within which is longzudinally dispomed the
metal ekeimds 36 which b 4 conmmabls
wire fed from wire sspply
| T isirsied
“uﬁ: nose 24 Ih:!rl.ﬂ the cowesemm
metnl siectrdle 34 6 shivld it fram 1he

nimosphere.

s 34 ieorpanapss o oremovable poeels
30, which is shows in detal in Fig. 2
Morgle ¥ i remiwaldy moumied wihin
natr 14 by threaded bom 12
within inlermally thrzaded end 34 ol moee
21 Mozzle M0 iz remuvenble o fagilitale ge-
:.'l'lal.'laulm'l.1 asd B I-ltlnhﬂ'll:'_t:mts ;ﬂ

o permil them io gy ]
E{T ) rehe 52 haviag centre]l bare 54,
bnreer end 64 and ceter end 62 hiing dis-
posed within the I:u.n:rl.ndnﬂu'mdl-uf
nozzle 10, & conceniricall
I.'ua-fl]: N wsd s mo [“t'bll_.l“ nose W

n ihe cesfomery masmer (9.6

7§ e gt e """nf"“ Sy

§ o P sl
Tr!_r aud IU_D-F-Ilim 1o wekl 16,
r;wrt mltdl “Jtrﬁ.ndmm ik
LT} in} "
Farmed of Aic graphile with o
plancs therenl orittesd concentric with the
sade of suld tobe,  Albernatively, costae
tiibe 51 may [or be formed of

meml. ez . ha an aules wer-
foce. g ar mla.u. %ﬂ:
praphile for e ome

fube 53 ix rﬂu'ruhl.r 0 ﬂmf'u Teplee-

ment and o number of contact ubes 52 o
prvadad Lo permil thess 1o be

The sysem described i Flg. | Bclde
carton dinvids gas-shicldad forches s well
aa ihe MG ppe of welding sysiem, wiach
stadly Tur cpietnl inem padt. Thin inven-
b1 ds mlso applimble fo ihe cther Evpes
of gmi-chickled welding sysiems such &1
THF finpgsien inert gns

The oursr end of mezle I, alawh &6

Flg. 2. iz imiermally swrfaced wiih pyTo-
Fise graphite insern 38 Ay jii-
dicazed schematically by parallel horizontal

lings, s 36 hay the :I}‘:l:du;ll
|-I:- planes arienied coacenicic
Sk ste s o b Yo oo
al o ugh n

dia':’iapn'l-ui by rerediadion back inio the weid.
Ing mre. Imeert 38 js mounted within the
enl al nadple 30 by pees or inlederence i, g
This interference i s far example oos-
venistily ui‘wmplllhﬂ pm: and shrink
filking. MNocele M0 Is ﬁ
Ende of ¢qopper. is heated fo about

1§

* ofi he 20

omd Insert 36 ks pressed within i When 40

nogdke 70 cools, a strong tcrference &1 5

nchieved. Any olher meais ol
attachment such as swaging. siake
Ing, lﬂllﬂi ar hi ||- Ltllpmeratune cainienking
may b umllzed. rorzle 30 may be 84
masls I:IT the seme

muterial ns insari 36 :uwiﬂwﬂn In Fig. 5}
b moeE aml eeonamical AoEsles
are made in the Beeried form Rere de-
sl

Twbalar insert 3& s for exmmple mode
in the EallowEss mannse in oeder o ackiovw
0 sErncire wierein the pyrolyile graphlie
o=h planes wre ariEnled consenide 13 (Be
u'l:!:.n-f l:: g I st [ o]

[yt n-.n lile I |'|- pasii

on nmq:lunl ms m (28
hich gr ® 1F mches ||:H1.|:| in a
vacmam furnace on conditions are
B [ E‘f minuis mabeml gas, 6 lSces per
minuie dmpen. Empemie of TI005C,
Bl fbeslule pigaiurs of |3 mm. He The
inner rod Is removed and ihe outer ek
it th:a maochissd to EXS inckes O and
gt infoy LT Enach lengih insesis

Cne of these oot off |eggria wan presed
as an insert inip o copper sleeve B
wiously desorideyx] sfd mobnied on o a
shivkded membare. wel The
Fen ar I8 empe using F ﬁ 00, and
a0 i medizm corbon snesl
wire, '.|"h.|: nrFle with mesrd was rmun for
B} Bowrs with ondy minimal wear. T
cleaned of ipfalter ance ]
The standard copper nozede @ usually wom
ol under & e after @0 hours wod
st be every howr, Wire con-
fmct fubke 52 ix made by similar deposlics
techniques - o achkewe & siructpre Baving

merofrtle praphite &b planes ord=nied con

.

LT
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captrle to the awis of sald whe Again, the
tube 1z repdered leas adherent o weld
splatier and itz lile (ep aboul 4 hoursh
is projongsd similarly. Typically, the com-

5 et tube dimensions are about o4 inch
LD » 34 inches lengih: the tube O
being about 7=} inch.

Inﬁgfa.?mnﬂiéis;hmmirmﬂm
made PiT c ImPﬂth 55+

10 within counterbore 38A In nnt:ﬂle:dtm As
indicated schematically by horis
zootal lines im Fig. and by ooncenttio
gircles im Fig. 4, inseri bas pyrolytic

e a-b planes oriented concentrie with

15 the amis of sald Insert, Morzle 304, which
optiopally carrles tegrally and externnlly
cast flange $0A ai the mner emd of nozzie
04, I8 mounted 10 nose 244 by o colles
chuck 46A which pelzing nogde 30A by

20 compresing external fange 504,

Further embodiments of the ioventlon
will be apparent to those skilled in the
i‘lﬂtFnr n.::hl:'r.'lpll:. 1!:.!: ﬂmﬂ Dri::tﬁﬂ.n ans

oy SO e

23 lytic graphite, withoot the ues of an in-
seal, as provided in Fig, 5 Theredn §s shown
pyraolytic graphile having the !.-h{r.ullﬂ
arisiied concentric with the axis said
nozzle, ns indicated schematieafly by con-

30 centric circles, & welding torch i
ing nozele 30B may opticnally be provided
:Lr_JF n. T c_n.nmmt Ll;rh;ﬂhﬂhg an oorer

nce oy ylie graphite as
discussed  hereinbefone. P}'mlj.-:ﬂn graphiie

45 is obimined by the chemical vapor 8i~
tion of be &b lemperniunes e
mhout 2000°C. This provides n
orlenfed and anizotropic pyrolyiic gﬂ?ggg
which is planar erystafline and has highly

A0 anisolropic properties. For example. the
thermal conductivity within its orfented
plases 15 pbout 200 times preater than the
thermnl condmctivity normal to the

of orentation. Pymlytlc pra a
45 oagmes to obinin it ore d:a:ﬁ]n Un?:ﬁ
States Padent 3,373,308, Sce pirﬂu:u]ﬁu:]r the
portions beginndne Col. 2, Hee 59 and Cal.
1. ]?: LT Amlunhnr dﬂnﬂn ihing the
i wilized i this fnvention
50 B Thnited

the ferm tubular as employed hereln
is the ap claims, s mennt o m-

clade comenl configumations, as
cvlindrieal. g well

‘l-‘-'HAT WE CLAIM I5:
« A wbolar  shiclding pas
adapied to be secured to the nose of
shiclded arc-welding torch such
sarrounds the torch electrode and
an immer m_r!a.{t Comprising  pymo
graphite having the a-b planes oriented
comceptric with the axis of suid iubalar
moatle, W said moeele i resistamt
to the heat of welding and to the adher- 65
enze of weld splatter and whereby buildu
of splatier B redoced and removal of s
weld splatier from smd noerde in facllitated.
= .’nll;'quiﬂ:nu::hnﬁactimthhﬂﬂirn
1. mmp:ihdng_ nosIp e luhﬁadndm
provided by
o iwbular imsert comprising  pymolytic
graphile having the a-b platies  ariented
nnuln.‘ s ium-tmh:l_rug mounted within 75

]

E
&

i

3, _Al;;gﬂ:i.imlmﬁhc]njm x
wherein = supporiing v lins enironce
and exit ends and a counterbore within
the exit end, and said insert s mounted go
within said coumicrbose.

4. A pons shielded welding torch com-
prising the norzls according o clnims 1, 2
or 3 in combination with n wire contac
tube comcenirleally moumied within said §S
norzle, said conmtact tube ing mm owber
sarfacs of pyrolytic graphite tha a-h
plones thereof oriented concentric with the
a.d; of .n{dhumml:_r_

. A nozels for 8 pas-aliebded
torch substantially as describad o

with reference to Fi 1 and 2, Fizures

2 and 4, or Figure 5 of the accompanying

dra '
HEWLETT & PERKIME, g5
Chariered Patent Apents,
3. Owality Conert,
Chancery Lane,
London, W.C2,
Tel. 01-405 5393,

tes Patent 3,410,746, OF courss,
Printed for Her Magesiy's Soticssr

Poldished a1 ibe Palent Qe 2

Oilice by The Twesddals Prew Lid. Berwick-upoc-Tweed, 1974
Southzmpion Nlmﬁﬂ' London, WCZA [AY, from which copist

may he obis
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13322%  COMPLETE SPECIFICATION
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Composite Insert for Gas-Shielded Welding Torch Nozzle
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PATENT SPECIFICATION iy

(22 Filed 21 OeL 1971

(21) Applicotan Mo, 4904171
(31} Comvention Appiication Mo, 103 0¥
(33 Usdied Sintes of Amecica (LS}

{51} Ieternstionnl Classification BZ3K 916
{$7) Index ot nm?mm
EIR 31 37AlA 37AID 3TALE

1373501

{44y Complste Specification published 13 Mowv, 1974

1 373 501

(32 Filed B Fan., 1971 im

{54y COMPOSITE INSERT FOR GAS-SHIELDED WELDING
TORCH NOEZLE

Rl We, PrizEn Inc., a Corporution
arganized unds the laws of the of
Delawars, United States of Ameden, of
335 Easi £2nd Street, New Yaik 17, State

3 of Mew York, United States of Americs,
do hereby daclare the Ipvention, for which
we pray thai a Palent inay ke pmited
us, mnd the method By which it is o b
perfarmeid, to be particolarly described in

10 and by the following siaiememi:—

This fvention melaies b0 improvements
im inbubsr insseis which, in iu=e, ane iB-
gerted In w0 iobolar shicldieg pes mozle

15 secured o the mose of o pus-sheelded arc-
welding toreh and sumoundimg the tosch
elecirodo.

Toholer jmseris for sech use are des
cribed snd eloimed i Unbled Eingdam

B ey ok oty e, 1t 4

al - L 1
moreaver expluiined therein ﬂi the resisi-
amce of the submlar maerts to the beat of

gnd 1o ke ndherence of weld

25 gplatter serves i extemd the e of noszles
uhilizing the imseris and to [wclitals
remaval of weld ||_:|1||1|:rI ﬁimﬂ_ . T
nim of the present fmventioo 15 0 IEPOCVE
further upan these characteristics,

3 Acronding io the inventioo, ibese i3 pro-
vided a tubulsr insert for inseriion in a
tabalar shielding pes nerzle ndopled 19 be
secarsd 1o the noss of o EH!-Ih}ﬂ-ﬂEﬂ. are-
wiolling torch such Ibal smrroands the

35 topch electrode, mid imsert camprising a
fubilar base formed of pelyerysindline
graphite mnd coated with pyrolyiie carbon,
of o twhular base for af carbanized
clath or felt and lmpregnafed with pyeo-

40 lytic cachan. _

With n polyerystalline graphit= base, the
pimalytic carbon conting may have &
thickness of fram 0.0005F to (R Inck

With a polyerystallize nlmlng base, ibe

45 copting is_preferably the pyrolytic graphite

form of Iytle cxibon; wheress with a
earhomized cloth or felt base, these 15 pr
vided & coaling of pyrolytic gmphite w
heve o thickmess of fomn Q0005 0
OI Ench
In order that the invention may bs moe
fully undersiood, it will now be described
with reference 0 the accompanying dmw-
l;_.u rT:l:h:J-d:mll: dingram of & pne- 55
i &
apparaius and work, said torch Bevieg a
removable norzle o which &n embodiment
of this lmvention B emphoyed; )
Fig 2 is a longitudinal cross-sectiome] 60
wview of 1he fronl podBon al (5 wieh shown
in Fig. 1
Fig. 3 is o lomgitudinal cross-secticnal
view of i{be front pomtion of pmother gas.
shiekled wekling toech Encorpomting = &5
norzle emplaying anolber embodiment of
ihils Iovenbon; nnd
Fig:- 4 b5 n crostsectionnl view taken
throiggh Fig. 3 alomg the ling 4-5,
As shown in Figs. | and 2, o gas-shiclded 70

the are welding torch 10 £3 belnp used o form

a weld 12 berween stes] plates 14 and 16,
Tarch 10 is coanested 1w pas supply (8,
which ls for exnmple, a source of & shi=ld-
ing g swch as mrgom or O0; and 1o & 75
source af weld men] wie :;ppl_'.' 20 which
Is for example 2 reel of siecd wekling wice,
A er supply 27 whizh may be of the
.M'_; or DT 15 connected Bitwess Lofch
10 asd piecss 14 and 16 Torch 10 BD
N heiraly. dgiand the metal devimde
longitadin is m L
IﬁTﬂ:l’ﬂ: is 1he consumabds wire fed from
wire dupply 20, A shielding pos deslgrated
by prmows 28 flows throuph nose 24 abeat 83
the consumable metkl electrode 26 10 shisld
it frem the aimosphere.

Mose 34 |pcorporates & removable norzle
30, which is shown in defail i Fig. 2,
Mozzle 10 s remowvably moeonted within 80

EWi
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43 pregnaiced with p,'l'l:l|
ing ehesrs of the carbonized felf masesal
inbx n vacuum femote ond procssme sl
11HC. with o pressure ol ¥

1
il
%EE?E‘
Egigﬁai

55 spectfic gravity of 14 pmfec. These |
ase lhen inix copper moxEles
A . the carboniged fsli mey be
initiadly Fabricwicd in tabulur form azd then
linpregnated  with pynolvtic carbes Any
60 type of carbem eloth or felt ln antisfaciory

EXAMPLE I
Cogerd Perofyilc Corbos fmpregmated Felt

with

1 in Em.m.pl.tpﬁ
frle MO j= mounted within pose 38 50
B ool chuck 464 widel reielns niexle
ing an elnsiomer O-mmg
Iempernlre resiniaml
I:h'["..,?l:ul:'l:mI:MF m“'li'“l;i:;lll.\‘.‘ p'l'lll:u iTii | K5

LEFTTN fall
|yiic carbon :11?5 'Irl:lialﬂmﬂ and Eﬂe:-
st Pyrolytie carbon congiste of  E6e
mEdkpopic  dxyilalBme éarbon  Formed Ty
ehemical vapor tion @l empersiures
above abous TOO™C,, nod iyt graphie 40
i B v oriemzd farm of pyTo-
boa h ':?m[.::snld by _|.'h||:|:|j|:dI
117 N &K IR i ERCEE
n-!h;q'huutm;ﬂﬂil'ﬂ. T}ni[!;n preulyilc  pro-
cesses  fog  preparing  these  onlsoiroplo 93
materialy zre Ecluded in Ezamples L I

and ML P plille ond proceses
Lnubtuhl]tm[migdnnﬂﬂdbnw

e e
[ialelTHilY 1]
Col. 3, line m;: bani slzscribing

tha pyoalwic liite lll.'i?ﬁd in & -
e Smbes Patem 3a00.744.

A iypien]l imser] for this inveation has the
E?! wons:  ouislde  diameler
imch, inide diameter [/2 Imch aml
lengeh of 34 inch. A usstul pyrolytic coa.
this mvenlion may renge in k-

froms ahom 00005 {och to 001 inch
far pmnmple OUHIS Emch dhidk 110

(PERATNIN
TEST A

Three types of inszeis, made is scoard- |15
i I, 1 and III, are

o n.mmhfreu grw:‘ﬁd :.-.ml:: m dm‘.:m faguies 21 minuies tolal dsiing i
ELWi C-2 46692CSP/R-1/03




1 373 501

E;;m'%l posit
Four of the pe composite
nozzles nre mam in dil[i':r:r:mwddlns
E| . Three are man 60 hoars with oaly
m wrosion before besting is termin-
Tlse fourth nozele is run for 870 bours

tiosti is  termimnted. Al four
'|un‘."ltﬂi|..’ll:|.h
L

£5

excellent condition and
wire less frequent and easier cleaning
n the conirol slaeve.

TEST C
A compodite neczle constructed accord-
ing 1o Ezamplz II @ run for 479 hours
5 without apporent radntion using MIG
torch conditions of 190 w© 360 pmps, o gas
gomposes] of T0% CO-30% asgon &nd o
37 14" low cachon stalaless steel wire—

2

10

=3

H  WHAT WE CLAIM I5:—

1. A twbulsr insem for insertion W &
tubolar shivlding gas nozsle pdapled to be
secred i the mose of a paf-shelded are-
welding torch such that it surrounds the

25 torch elecirode, safd imsert codmpria -
jwbulnr base formed of polycrysiallioe
praphite and coated with pyrolyike carbon,
or a tabular base formed of carbonized
clath ar felt and impregnated with pyro-

30 Iytic carbai,

2 A twbalsr nsert to claim
[, wherein in the case of the base belnp
formed of polyerystalline graphite, the
yralytic carbon coating has o thickness of

m 04008 o 001 inch.

3. A iubuoksr insert accord to claim
I or 2, wheredn In the case of the base
teing formed of polyerystalline graphite,
the pymolytic carbon of the coating B
pyrolytic graphite. 5

4, A tubolar insert according to claim
. wherein in the case of thz basze being
im'mlmih:ﬂf c;.;l_:-nﬂ!aﬂl hlé.adl conting of
pyrolytie graphite is provided.

5 A tobalar Inseg according to claim 45
4, wherein the conting of pyrolytic gruphite
]rm]:]l thickness of from 0O, ta 0,01
nch.

6, A mhbular insery as claimed in ony
one of the preceding cialms and subsian- 50
tinlly ns hercigbefore described in  any
one of the Examples,

STEVENS. HEWLETT & PERKIMS
Chartered Palent Agenis

Printsd for Har Majesty's m:.l.u:n;_? Office by
rut?&:hnl i the Patent OCifice, Sﬂ-ﬂmmh:;

5, Quality Court,

Chancery Lane,

London, WAL,
The Tweeddale Prem Lid., Berwick-upon-Twsed, 1974
m Lnadon, WCEA TAY, Troer whith® eopies
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Appendix D

Consumable Electrode Type Arc Welding Contact Tip
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Consumable electrode type arc welding contact tip. -I

Palent Kumber: EPDI24088
Publicabon date:  1983-07-19

Irwenbarfs): YOSHINAKA MINCRLE KILGH CHUULE, TORUSHIGE HARLUMI; SAKAND
FOSHIATSLE YAMADA YUKITOSHI, HAMDW EATSUMI

Applicantis) MATSUSHITA ELECTRIC IND COLTD [4P)

Faquasiad

Falent: [T EPOD3Z408E, B9

Applcation

Humber: EP198801 19708 19881126

Pricrily Number

(sk AP1SEANNSA20 15480114 JP1IBR00ISE2T 1BEE01 14, MP1BABMI05SE6E 19880114
1P

Classiication: B2 A26; B2aKai2a

EC Classiicaton, BZIKRMZEZ

Equealents DESBHTETED, DEIATETET, [T US4937428
Ciled padsnbs) LIS4580E58; FRZGE6141; EPOIAMEO0L

Absiract

A walding comect tip fof =2 an a consumable electmodae type waldar hes & core part (1] having a bona (2] far
guiding a consumable slecirode (4} and capabés of supplying welding curment fo the consumabés aleciiods

| {4), Bnd a main part {2} which embraces and supparis the core past (1) The cora part (1) is mads af a heat-
| ared waar-resistanl conductive medallic material sich as a chromium-copper allay, while the main part {29 &
mada fram a lass-axpensiva matarial such as copper, & copper alloy, alumimum or an aluminum alkay

Liata supplied rom (he espiicenat database - 12
S
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Eurppdischas Fabontame

(] European Fabeni Dffice (£ Fublcaiion numoer 0 324 ﬂﬂﬂ
Qifice surnpden dea Brevals Al

&= EUROPEAN PATENT APPLICATION

) Appleation musbar BH11GTHLE i omoos B23K 9/28 |, B23K 028

() Caim of fllng: 36.11.88

(&} Pricety: 14.01.88 J° GEILEY ) Aooicocn Malswshie Blectrc induatdal Co.,
145,58 JP 32128 lubal,
14,51.05 JP 168120 1006 Caza Kadoma

Eadgma-ghl Deaka|JF)
@ Dt ol pubnicsien al plcation:

49.07.59 Bullatin B&28 {A) imemnace ¥oahimean, Mnan
1871, Inady
1) Designaisd Conncting Sintes: Higashicsasa shijdP)
=] ri] Imemniar Klwchil, Tl
2-8, MatEigacks-J-chomao
Faga-ahi{dr)

Ifrepstar: Takaefige, Hanami

31-5, Matasgeo k- 1-choms
Kaga:shi{ P

brremrior Salarn, YosRdaiae

L-6E; Fuliushémism sthl Naagarimachi
Homi-gun lehiawa-ken|JF)

Irverior. Yemeda, ekitoehl
8211101, Henkenpia-J-cHoma

e i e by D b )

Ieemrinn; Handa, Kalaymi

22-B-311, Higashlbovyonakache-3-chama
Tfornain-shiJPi

(% Riprssanintve: Patantsrmeaib Lsinsaber &
21l TR
Rasental 71 Aufg.
O-8000 Minchaen 2{0E]

EI Consumables oloobrode type aro walding coniod Hp.
g—

) A walding contsct Hp for sms on @ cormuTatie
fiyeacrode hpe wakder hue 8 e gan (1) hevicg @
Seboen [3) tor guiding @ condemabis sectrods (4 e
e Sipita of supglyieg walding curment o the censum:
fwabia aleciods (4, @d 8 man pan &) which am.
bmacar and supports the oons panl (10 The com part
ﬂ'lll Is mads of @ heal- srd wear-rasistiand conguctiva

mealic maanie soech B8 8 chramum-copose gy,

whikd ha mEn ped (21 ie mads o g ees-sapans

tiva matorial ok as coppar, @ copper aloy. s

minum or an surénum alloy.
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CONSUMABLE ELECTRODE TYPE ARC WELDENG CONTALT TIF

ERCHGRGUND OF THE INVENTICN

Tha reeent aresrion redatad 0 8 wakdng con-
el B o s an § welng torch of & coniumiite
sactnda Ly e kel

& rown salding conlacs fp (mmgly efaimed 10
an “ip® heraiteiiiy Al D desoribed wii® reer-
aaed im Ry 1. TheAp & bag s cenbn wad pERiine
borm A shroegh whish & cossumabis alsctodne
gl neferemsd io @ “wolding mire® hecsi nalen) &
lad i § wakling ragioa, I edion, Hha b suppies
wakding skeciic curmeak o the wiik. T, the dp
fmvi @ chiuiks ol Mamely @ orok ool @ guide ke
Jlding Fa wim and § mis of slecri powild lad-
1

n orciar o mpply waldsg ewmedl 1o the wins,
fa ho § b haid in comact Wit the win. Durisg
sibfitg, 4 Rign famoarsum (n cleasiooued on ihe
sption o bhe S5p 8 sonlciing ma who o oon-
pnouenoe, the wall ol o win pesssge Bori 3 5 52
remaly aprh e P B 0 S0 dlshbled 0 con-
el the couble s, Le, o dp Sl 45 guids ihe
w1 aupgly wslding eutiant.

Hilrsdilss, Barofan, Spaslve cheomism-copmst
pligys hawing gigsarlsr wds rasiE@ncn al a high
jEaitpEralee have boon used me the saisdel Gl tha
ga.

SUNLERRY OF THE PNENTION

Accoromghy, @n DSjEe Of T preso imeention
8 io proside n highly dusb@ i |neepesslea
msitng sunimct g which I8 assy [n manulacune

Accmding W the nvanton, thers s prnnced &
wadng cotlns] fp whish @ compossd of o
Rt namaly, 4 oom porl which funciom = B
wes goide and am Fe esldng curmeel leecar and a
i paet which 58 in supoort of the come parl. The
con part ip made ol & feed condoztiva maialic
mahanid whic nas & high gidey and high Sreml of
maemiaros both io hasd and wair. Esamples of
purlsbly cmaits mstarial e B Cheomm-CoEr
oy, hasieg & chromive comen wisch eslambly
ranges Esfvedas 1% and 6%, ind o phosphor
wonzn mawing B phoephorue comerd ehich peadar
phity i Catrasn: 1005% and % On the cifer
fand, the main part in made of i lee-anpdiiie
malalis faisdEl duch B COPpOT. @ ooppET Wiy,
umninues or an skminues sl

Srice e rmisth 6 Sathd of § ESs-Aapenens
maisnal prorvsdes g much grester porben of e lip
fran B core furl, e pioducton oost of the seld-
1] oAt 1p can remarkably be ssduted 18 COFe
parsd salh bices s

Tha corm parl ey ba bimed by fagng. The
ooee part febromiad By Awmging svhidiln as
proved hanfness =0 a8 % ansurs o oeger be ol
i p. The cors perl mey Tasn the o of a4 ool
N omacst cases, the sficimidsy of the work can re-
markatly be mpmesd becaxies the boring by G-
ing tu® Bn dhepacasd wmih.

Thiis, e seiding contncl TR oocosding o the
prasan| meechon offam e Slirsifg Mmitkesis
povEniEoRS OWed the keoan Hos

(11 Tha metaral coml can remarkshy ba
radeoed beacauen cniy the oom garl shich g much
drmialiay TRy Ta medn paim W mida o on oo
pive heed conduciyve mstal whils the maie pan =
ke O & el eplfelod Malbnal Sust 44 g
pa, & moppar alioy. shmicum or g aliminem

ey,

(2} The main pat whck (s mado of @ me-
barial such = coggar, Eusitnum o the ke, sdilits
a high workabilty so thel vanmss Trpes of mechant
ool proteesng such as shageg of ol configas-
o of the p can D groaily facifiaisd whils aford-
ing longer ke of tocly mch s & engle pomi el
&nvd & roling rolar sdech am usod iR e mschah
cHl procassisg,

/% Tha coms parl when kemod @ a oo,
simingtae tha recorsty of driling wheh othereis
il B concucied on b hend moiadied of thi cone
part Buch &8 chromium copper mioy, Thin almi-
nalid profems weeh 6 baakdoan al ths 450 and
oher fodis, 80 thal the maieissascs of 8 procic-
ben yalem i faciilaled and e albcinsey ol work-
ng lor tha podaction ol tha Ha @ mpesed,

18] ‘Wemn P cors it @ lemad by logisg,
I Coew part axhitils highor hamdness doe o sork-
harderirg. o lhal tha Hp can heve Bn axkncded
uiil. Tha uss ol loeging sso can simines o
nocessdy for drifing which hae % ba cenducied en
v haec MBksial Such B8 ETFOMUM Cooper Lhog.
I conssquance, trosbiss such me beeakage of diily
are vcidad 1o laciiles e malmEnanco of ne
produsios sywiam, e conbisuing o an improve-
miadl in Tl ey ol th eoang.

RAEF DEICAIPTION OF THE DRAWINGS

Fig. 1 18 & sectiznsd Woaw of 8 knoen welding
cantoct bz and

Fge. 3A& la 205 34 38, 4% ;i 4B &4
pociicnal wiaws of weiding confact bps embodyng
e praser iEvand o

EWi
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DESCAIRTION OF THE FAEFEARED EWBALD-
MENTS

Fige 24 io 20 shim i embodimem of Fe
weldng oomact bp i Eecosdancs wilh e presan
sartion. Ralering Frif o Fig. 28 the to ba
crrm part | oand & v pal 2 Tha eded g 1 hes
Ba lzrm ol @ ool ol g wies Taving a damaior of 0.1
1 2 mm, EisiEly 05 e 1.2 om, & wim deselar
not graghet than 0] mm gl peocuca wty k-
pincatin abect of the prouision aof e covs par 1.
=nie a wire dlamer asteecing 2 mm makes the
tol winding operafion cHoull sih e st that
o procucton codl e resed wndesinably, Preter-
uily. Ta phch ol winding of Mo oo i Wone ol
it pesh  ere  decalee canges  botwoen |
Iedjacart have of coil Codely CONMACY Each oifer
i 3 fwite i woursd coereely], 'Wean the valus al
Fin rpbio meoendy 2 Mo ool encE B0 SdvR Lt
dasiislly wilh the reach that the mupply of thi
weiding curmni iy ihe welding wim 4 ooomes
unaishle 0 cose & Auciuaion of B8 bvel of tha
waklrig cunmrl B in not sasontal St the pich of
the ool i convlen]. For metancs, 1 is possible o
ammage much Parl tha ool 1S wousd with piich wine
damaler refn o 1 @l o and of e Bo which
EEpEALN0ES i hadwidsd we, whersas, in fhe
remminder porion ol fa ol he pich wife dam-
oar ratia 18 giaasar,

n e desscribed embodmel, e fxisg of Fa
Ll padt 1 ke the muein part 2 can b doed o
TEIS wMlyE. Accondiag W Gne metod, Fo oom
et | Iy pleoed In o kg Posrred in e mn g @
ard & hard mindrel g, & siosl wine, shich has an
outsidn Semmel squal in Hw insice ameter of
ihe pasmage oo sufiabh for calwileg aechic
arrani @ e viding wire 4, i3 placsd 0 ha boe
ol e cors part 1 which Bak Ba foid ol @ col
Thin, the blsns mataral of fa bo mal part 2 6
prossed =ih pacls dl S culer perighenal surtece
by =amne of der which has o conical lorming
porfoy B3 el the blns reaisdal & plasticelly
deinemed leawing Lhe wire passege bore 3 of o
dirsiler fuitabin jor supphing soekdng cumant o
o weiding wire 4, whila gtaning a gome and bghi
FrasETs oontect Dabwean Ta o pan 1 End T
min part & This fype of mechankal processing
will b rafaimadd % s “ywaging” hamina®ar. The
Aring of 1he core pasn 10 the mil® i slio can be
conducid m wanoua ciher ways Fod inglenca,
oiar bypes of macieiicd basding, sg., screwing
of edubing ol the ool o the com fomniod 0 O
male parl, chemica Doadifyg, end mstlurgical
bending can sulshbly be adopied. Fg. 28 shees
Po crgsaecten of Pwowaldng contac Ho ot
o s=nging.

T coil canutfutng e oo part may axbsed
caly dval Mo @5 ragiin Gl the Bp, s 20 mem, a2

£

them i Fg, 20 or mey adned cver the enine
rgih of s 1 a8 ghown in Bg. 2C.

When the waloing coniect 9p i lomad By
TN, he material of B O s pas @ plak-
cally Nosed io 48 any spece lormod Batween adse
ol turme ol the ool ConslBuing the core pan © &
nﬂbllﬂ'ihﬂFll'- H.lﬂmﬂﬂ'ﬂ-:ﬂ'pﬂrl
iy hrmily heid Dy 10 mde pad 2 In ConS o
&% Imfdercy for BE oo pail 1 B mes aeialy
durng fmding of e wikdiog wiee § B svoie and
e goranaion of Rasl al the bouncary et e
[ar ot 1 and the mar pant 2 cos bl setuced o
u ragigibie el

I oroar i aHsn § higher soength ol mechani-
=0l bond Daltwais B oo part 1 and B MR par
2, H = effective 1o Dand Ta &d axmmly of e
main pan 2 radialy neand, 11 iy aiso affechve
primade eaqulaiies by, A0 Eemple, mughening
or kowring, o O o Emth of e nner suifses ol
the main par 2 and e oulRr suiece of ta com
part 1.

In genarsl, ey 4 e oanmler gl ansnd
the imer periptaral sufacs defining the wing pas-
sagd Bam J conributns 1o T quitiag of the wakd
Ing wirn & aad i S supply of tha weding cuman
o P weidng wim & Apcoeding 1B e insention
Bin tn dnnular seglon B onseucied &5 e core
Part | which & mote bom p hed cosduciie
rraainlis maleesl decencaTy fom Hie e mnce
portion which conmifuien ihe man pat 3 =
fram an nespanshes and highly surkshs materdsl
Such s copper, A coppe! atiny, kanrmen or mn
aliminom Aoy, B @ e possbe o cblak s
Wlgng COMALT 90 =8ich I8 eey & procuce ond
which s naipeneies B8 compaEed Al hices SpE,
while: ensuriag hige dursbdity which well comparis
mith i of e Gnown Gps. Fge 38 ans 30 s
enaicar ambadiment of the weiding contaot ip of
I pmesnd inspelon. Thes emisdiccent faghees
thal T Core gadl 1 in loorend bovm @ phode s
trlank el or by bodeg & solaf e Tha pipe or
h“mm;mmmmnnrm
only o U @nd regien, ag, 20 mm in the
smbadimant px shaws 1 g 34 & gwer e snbrg
hargih of ihe bp sy shosn in g 1B The wal
michkneay of the Cora g, mgeciess of whahow [
in shapes trom o pipe blank or Pem & solis = oy
bading, peirderably mngas belwesn 30 end 2 mm
almo In fhis casa.

Tha fteing of the com g2 1 e e mais pad 3
can be done Oy $a sames sathods 28 s e
planed in comnection with ®a el am@odmen,
wnd Mivanlges proacuced by e b eeebockman
s a%n pontrmed with Mo ambodiment ghosn (n
Figa 34 and 8

Figs. 48 and 43 350w §iFl ohe pebodisgnt
of Fe weidng comart o in Econiatce wih the
owesen| imeistin, Thin scbodment beamins $ie

EWi
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Ihed CoFW part 1 Pl @ T-shaped sachon [mhen aong
trix xow tharsal. Thue, the oome part 1 hes an and
porion which projects from the aad acdearity of
e raEt perl 3 and hesng an olAsido ciemor
ity dfudl 12 s of the msin pat, and &
gim porkon whioh B oeoehved s the bore formesd
m fhe men pad 2, In the erengemesl §hdwn i
Fig, &4, i and porlicn of [ core pam © has an
asinl length @ which prelerably rangas balwean 2
and 18 mm, Thoogh e Bngh 8 exceadng 1 mm
Peiid @ apiesciabile a¥sed On tha ciher hand,
the lengh b of m sam pormon should Bs ot
sruler fan | mm N oocder m ohisin wn Aopne-
ol s¥apt s mozhenes bendng Balwaan
oo part ¥ and thes main par 2.

n o mrangarrnl ahswn in Fig 48, e alien
paition ol the cose pan 1 axtoncs qucsriamdally cvar
tha armime issgth ol the boms formed in the man
pan 2.

The machanicol conding bebssan the core part
1 gnd the man part 3 curi be stianed by Se sime
=l gl theds dopisingd Belore i confacm
with the preceding smbodmenis, and fra adven-
fages oliered by o precading amEcdiments pe
dtin dired hivw W embackman Ghesn i Fga
& ang 48,

=orema snd ol the Bp B covesd by Be herd
concfuslig matal e ecdescy bt Bp W e
rEamingied by esding spotor in remaably
e,

Trm i pad 1 may be lomed by Bging. In
Sieth 4 cogE, P oo pael B osorik-taidened o
avhitil hightoy hodnoss 20 33 o oraws & longor
Ik ol b B S g cormpmired with irdwen Spi

Claims

1 A& welding coniesl lip Fving 8 cenbel
hrough bood 3] sandng 48 & passagd fof @ oo
momabls slechods (€] compdsieg o oo parl (H)
conteciabisr wih said consumabla slaciroge (4} and
0 fman pad (5 spporkng sid oone e (1L Ged
MmN pat (2 being meds of @ maeiial sleckd
from a geoup consising of ooppsr. B oopper aboy,
plumingm o an glumibum plioy, whils il oo
par (1) i made of & eordusib-e Faislie Mol
faning a hardness highee than thet of Sha maedsl
of pmd man gt (2

2 & molding contact o acconding o Claim A,
wharmn o corductive matalic materisl of
Sara iy fp i B ehimiuaeeapie Aoy hving a
chimmsu= coniant ranging batwesn 0.1% mnd 6%,

1. A weiding coniact 15 ecsoniieg o Clim 1,
whangln ead oonducive midalle malewal ol eeid
Gore parl (1) Is 8 phosphor bronze Bawing & pros-
phives coran rieging Eatwaan 000" 5 1%

4. A wiiding conis] bp accorcing ooony ohe
ol Gaims | W 3, whorsin ms0 come padl (1) 1F
formes we m ool

5. A melding conlig) tp asconding o eny cne
ol Chim 1 o 3, whamn s=d eom pad (8] iz
femed nom B pips blonk makeral of hom 8 sk
el hiineg & Bore driled Famin,

A, A weiding contact iip accoding b wiy cne
ol Caime | o 3, wheenin =xd com ped 1) s
farmad by Fegng

7. A weiding ooniecl T aloonding o ey cne
ul GEmi 1 b & whamn rmegadrites s fomes
an o of both of the nner perghenal aface of
s3] meais parl (2 and tha b paniokeacel fuclacs
ol maee] o gt (1),

B. A mpiding conlac) Tp acoNgieg o mny one
ol Slaim 1 o 7, whamin the ead soireem ity of Eaks
mkln part (@] is Bl radaly reend 80 a9 o Yy o8
the il Wl of Sasd eore fadr 1) Heraby provsni-
iray sakd com part {1] bom coming off.

4, A walding corlici $p ecoording o any ons
of Claims | 10 3, B or T, wianin S esos gart 1)
hus an #nd porfon orojeciieg om said main parr
(2] and hasng @l oulsick dlamear substaetislly the
=ame as lhat of =3d main gt 12)-and & SlEs
parian secywad in He Som Q) ol = main pat
(2} S0 Ehat said coog part (1) prassnéng & mbsien-
Haly T-sheped secbion whoss imkan kg 3 lon-
giudng nei,

HOL A eBlikig coalact §p ascording o sy one
ol Clame 1 to . whorpin saidl cors Bar (1] aninnds
mbitantaly eet tha amire lengih of tad main
part {21

11. A weidng costact 1p accoding I asy one
ol Claims 1 1% @, whissin sad cors gt 1] asteedy
mong the Bds of Gaid main par 2] o & lngis
w=hich i not smaller fan 2 mm.

12. A waliding coties §p Afcording o ooy one
ol Claks 1 90 11, whanain e i & prodused by
B prooees. which comzeises the seos ol pacing &
hird wrm i i Bors (X formed o said core pard 435
a0 Pasd whs having on Oulsids Sameier cor-
mrponding o the inada diamesar of 4 wakting e
piangs bore |30 12 b dormed, smd damais bsireg
detarmired 18 prowids an apimom condtion Ior the
mipply of walding cument from said coew par {13
i niunable albcrode (4) whoh i mesrisd inc
s walding =ing passego Bom (33 duning seking:
md mophying peosswn omio tho cuiee pedd phoa!
Biilaa ol makd msh e O by & des mo 8 o
CaLss @ piaglc delommoion ol T maledel o s
main pad (2] Pemby W fem sEd waking =i
phkiagn o (1), whin sfaiceyg o bghit oressuis
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FIG. 2A
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FIG. 2C
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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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Protective gas nozzle for a gas-shielded welding torch with an insulating
sheath at the current-contacting tube.

Patenl Miumbsar EP{AT 252G
Puslication date 1980-06-13
Invwentons) SCHULZ UMBERT
Applicani|s) SCHULZ LIMBERT

Requested Pelent [~ Epoavasss. Ad, Bi
Apalization Mumber EP18800122483 10901206
Prowity Mumben(sl.  DE19RA3841326 19881208
IPC Clasaficabor: BREKSME; BRAKG2E

EC Classification; B3R GHGS

Equivalenits T DE3B41325, ES20S0TTOT
Cited patentis): EPDI0G4TE: CHI4ET04: DEIQMNGTT
Absiract

In & prolective gas nozzle 1 for 8 gas-smhealtad welding toal with & cument-contactng hiba & axtanding indo
the procimity of & consumable wire elecirode T and guiding the atter, and an nsulating sheath 4 & e
cument-contacting tube 8, this insulating sheath 4 is of two- pece design. namaly in e Torm of &n
intorchangnable wear slegva 11 adjoming tha consumable edectroda and and & second insulaling casing 12
Iying towards the inforicr of the profective gas nozzle 1 and edjeining the insulaling skeave 11 Thus, in the
evenl al desmaga o 1ha front and of 1he nsulating shealh 4, only the swear sleeve 11 has o be eplaced
which in add®an, in a prelerad embodiment, s rmacds of 2 ceramic material which from tha outset doaes mol
o

permi welding spatier o adbers,

Drala supplied fram the espifcenet detabase - 12 |
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im Spaltel 13
O-T500 Karlandhn 41(0E}

(&) Sehutrgasdise fir sinen Schulzgasscheaissbronnes mit sinae suf dee Siromkantnkbmhe
wodgaaahanan tealbeibiliEe.

) Bial siner Bchutrgasdiise | flif eines Behutgas-
wiwnilbinsnes, mE onam sch bie n S Kiha
Enee abschmotandsn Deshi-Blakincda T asireckan-
dea und cless lwendan Siomaonsakiohr 8, wid
wingd aul dom Shomanciastich § sogosabsnen -
Farhilins 4 il Slese Dwaigmiss pegsbiidel und v
in Form siner on des abechmalienss Balimdenen-
ta anschbalencan mowachssinen Verschiailhioss
1 uynd aiFam e eann der Schutsgesdien 1 hin
liegordan, & i Worschisiihifas 11 ansorisdsndan
zwetien Iassmnanis? 12.

Cmil mul bel ginar dimasiiges Beachidigung
der ligiathise 4 e noch dis Werschislehdize 11
ausgawachaelt werdes, i Zutem In beworugie
Augflihvungaiorm s gham Essnibwarkmod be-
sipht. dai won  vombersin  &n AnDackem s
Echwallsgrizam nichi mulil,

EP 0 372 529
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Sehutzgssdisa fOr ginen Schutzpasschmellbrennar mit ainer aul dam Stromikantakirohr vorgesshensn
Iaallarhlbin

[Cin weringanda Erfindung bezieht sich ol sire
Schutrgesdlss illr einen Scheszgesschwmibrennar
nach dern Ohacbignll das Falssfanspauchs 1.

Eine derartps Schutzgaiiilee il aus dar DE-
PS 20 20 847 bedmont nd hm sich in der Prasig
im geolian und ganzen hanorageed bewdhet. Ein
Froblem bestslil pdoch dadin, dsd aufgrund wan
sogeraian Schedlligiless cdar Bcheailpanan,
dia or der Ireien Simesile dar Boieizgascise ere
backon, immme wisde Arbsilamigieschungan
aricrderiich soedes, in denen den die Schdsgas-
(050 windor goreinipt wird, Dieses Probism it
inilmanndens in Yernindung mit dor froken Siree-
in o lscarhise, dh, am AusriBspunit der sb-
mhmelrsnden Dmifd-Bakiroda af, zumal In die-
sam Barsicn auch die stfiteis Hilksantwazkiuing an
dor Schutzgasdliss ru werzsichoen bl Beim Gl
Oheen disaes Bereichs basinhl dabel nsbesendans
s Qalair, daf o tsodarhilisa, dio im algamainen
mm pmam achbchen Kanmmbswkool bosshe
stimeeitig sushrichl ord somBi unbviechbar wind.

Din cor worlegendes Erfindung ugrunda Be-
gande Aulgshe beseht darin, die gatuncagemiba
Bchutzgasciise dahingehend o ek L.
wiberzubidan, dad dis |sokediliss entwadar pic
3 Garees unbrauchbar wird, odor won wornhanain
w0 konzpin ist, dod sich Echwedllepritzer gar nici
ot festaatian,

Dissa Aufgebs wird efindungsgemil durch
dio bm kennmelchnercen Tel did Palentancprucha
1 peafizione Ausbidung der lsolerklies pbal,
DamiE wird omeichl, dail gegebanscfalls mr dia
girnsaligs VarschisiEndise uno ric dis gesamin
Ipclisstllse pusgenauscht worden mail.

Besiall ®ls ‘“erschisifhilze dabel aus z 8.
Bomiird, also snem Eammbarmct mit den phy-
sholischan EBganechafton hohe Tamgoeihurioalig-
kel guis ‘Wirmelptfihigiei, Roher spezilischar
Widarsand wd govinger clsicrischer Varusilak-
o, #i BiBE sich von wornfersin doa Anbaciosn vwom
Scrwellspritoesn malagigetand wamoiden. D
Varschielihiliss keen debe S0 Ecapabidet =ain,
dadl sl glschermeden wie dir Bolameaniol s
dza Siromkontakirolr aulgesctraobl und Somil wiss
der shar verbunden s ode’ call 4@ Obar cina
RAingnul und Gber pine komplemanting Nase an cor
Behilzkoriakiclss 1Hsbar mit disser warbendan sl
Es igt darilbaininaus auch denkber, an bow. in die
Edmasits dor sin deren Form engepalies Formisdl
s 2B Borndnd slnsussizes. Als Haramikbwerk-
wandel wordon.

I mo@ersr Susbilcong der petungecsemddan
Behwizgasdten s worgesshan. den Beckich dar

[relen Strnaska & SehulEgesdize selbal mil @6
nom Femmizwerkeo® e songemannian  Eigen-
schalisn ru beschichilan odar in den sfnresoligen
Bamich sinon ssoarmisn deechisideinealr snos-
#@lzan, dar ebenials aus dom gorannien Schweil-
spritngr v ek Karaerskmaioniel Desinhl

DOin Erfircung wind i folgandan anhand e
Eaichnung niher sriduter. Dieee migl in

Fig. ' =ne a& Flachdiss puzgabidein
Schutzgosdiiss mil sinsr zweigsisiian iscliectlise;

Fig. 2 sina Erenldarssliung siner s sin
Siromboniakinohr auipesatzion zwolelligen [scier-
et

Fig. 2 s ale FAunddliss  ausgabiksis
Echutegastias mit arem singesalnen Eoksmen
Werschisi®alnsatz.

Fig. 1 moigt eine Schulngesdiss 1, din aus
aram Frlinddschen Pobvomsalz T und edneer an
disgem Aghransalz 3 angadormion Flachdise 3 ba-
seht [Oar Aohranealz 2 ie 20 sws)ebidol wnd
durchmess=rmilig so dimansionisel, dil or md
ging - nicht dargests|Bs - Sohetsgaszullivung bew.
airen Brennarkopl einos Schwellwannos mige-
mecki und mi disser bow. diossm et verbunden
wircken Koo, Die Flachdlss 3 |51 - wie am cer DE-
P8 39 20 @7 bai@nnt - g0 geformt, dail wna @l
aymmerEcha Aundllhreng 10r akns |snbrriling 4
antedslt 0 e dienainal Jusrander sen lacha
Einzalardin § arpchiiafen

Oas |zclierohr 4 fimmi sin Sdmkonislehn 8
auf, des dorch don ganannten zylinckizchen Fah-
mmetz 2 und div  Schulzgesnflbnong  um
Sehwnilanngs gofdfvi i@, uno daa sina zanit
pché Bolwung aulwaisl, durch dis oing abschmaok
gandn Drah=Skeairoce T 2ugollinn wind.

Dimes Dmahi-Elddrods 7 msht (ber das e
Samsais der Fiachdlies 3 wir und wind baim
Schwniivorgang sakbat, d.h, mit dem Abschmedzes
kontinufarich machgetiihrt. Des Abschmstzen des
Ekkiodanmatorialy bildet lelzdich sine Schwail-
natd 8 pwsmifan pJ varschwaidandon Werkstlicken
4.

Zur Funkilon wumd rum wsaieran Varsillndnis
oer worsshend beechhiabanan, aul ersn hakpne-
fen Schofeges pchwalfbvanniy sulbuialzerden Ein-
Feit =oll i:lpndn Engermerkt weedan! D durch
das Esrmoamniirobr § Drsre-Elokire-
da 7 wind suigrund wns Oberfliicherkontoktas mil
dem Btromkeniakieahe § mil den arfordeclichan Be-
trisbaparamatern [Bpantung § Sirem) versongl und
echenilz Bdgrund dem sich awischan ihr und dan
‘Werisilicken ausbildanden Lehibogans ah, Dabad
wird cor Lichibogen won dem durch ds Einpalks-
ndles § cor Flachdilse 3 rugetiihian Schetoges-
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strom mach auBen Rin geschiiz dor saitiichs
Sefrds wird belm sogunaniien Engipakschwaiden
won dan ‘Werkstlicken skl gabicel.

Cin sownR bescheabana Sohutogasdles 1 &l
i oo OE-PS 23 20 &7 bakanml.

Gomdl der wirlisganden Efindung st de o
ligihillza 4 nich siFilokiq, sondem Dwelislig e
pabddet. Ober dis frein Bimseila dor Fachdilss 3
gishi dabe! ming en ded Imie Endo der Orahl-
Eekireds 7 aeschinfendn Veasschlsifnliss: 11 vor,
dio mf des Slremkonmidrobr 6 esfoedaizl Ccoor
awfgeechridil L Im innonn dee Sefesgesdlsa 1
schiall denn cla Vemschlesthllles 11 an don leo-
larmardal 12 an. der bie in Qs Borsich des oyl
drischen Aorrmnmaipes 2 reichl. Dio Verschieithll-
& 11 wnd der |eoksrranial 12 bliden somil ge-
misEnmm dis oderhlitn 4, dio dos Syomimmiski-
fohr B der mstalischen Sotuizgesdlos | gegan-
Db igodimt

Wind nun belm Penigen der Bohulzgaesiles 1
din Irain Eimesitn Gamr Iscikehdisa 4 beachidigl,
a0 brauchd nummehi cia VerschisiBnliss 11 auscss
wichss!! werden. Um aine einfache Auswechiiung
#u aredgichon, i din Werschikibndiss 11 ad de
Sirpmkonmiskiohy 8 sufgaschraubl; ea W |sclinzh
such migich, die VerschiglEnllsa 11 wnd die
Sirrnsake der Schuizpesdlise Tusinancer komples
anilr a0 sarubiden, dal de Yerschisithillsa 119
resinng sinmetzer il

In Fig. 2 el s Einzslderstelung g Strome
spnigkdrobre & @il dar sesbeligen, sus car Vare
ehistEhllize 11 wnd dam lsclermantel 12 Esates
hascian lsolerhliiee 4 cdengasiolt. s hise in Fig. 2
gomgestully Enhet wind als wemonkers B
hal & eng Schulzgasdiis aingasetz und mi cam
DHlperiaioch des Schemifbressn worbunden, s
bescridam serachraubl (vecghschs Barugsesichen
Lk

Dis Twslloligintl der boleihliee ist der eins
Asmsll cor wvorlegendan Edindung. Eln zwndsr
Anpekit it derin zo s, dof do Verschieilhlsa
11 @lE enam keramischen SoncerverEecl, neis-
rondeen Bomlind, bosierd, und 7E0r LS ST
Worksic¥ dar din physkeischen Egonmchaten

hoher speeiischar Widerstand wed garingor dalsk-
trischar Warkistokior bat uid dar won vombarais
ain Anbapion von Schwailamitzaem an der Ve
seslidhlien 11 wechindarl. Damb isl gewiihristsial,
dail Arbelisuninrbrechungtn aulgnind von @n car
Siimosdis dar leclerklas anheSenden Sceweilpar
i@ ausbsiban,

Ciacam ecndarkammachen Horatukionisonk-
sioft prfaprechend kann auch de Dbardicos dor
Bchutzgasdiies 1 im Bomich Ihrer buken Stmamte
mii airam ObscfEchanschutr varsshan warden, dar
aly Yerscrigllschuiz dant und Sctwsibspiitzer ab-
wairt En derartiger Obsfllicrenschulz kann e~

splsigwalse cheninlly durch sina Baschichiung e
Bormlind oder sus chemschar Vemickeiong oder
mittals slrar plasmaphyskalschen Oberllchenbe-
hending arrsich mirdon.

Gagebananials iann in die oder an e Stm-
seiln der Schulrgasdlss 1 auch s demn Fom
angepals Formisl e dom penarvien wermmi-
schen Sondemwarkiiph, =B, Bomlind, segefig
warcan, Dioses Formied waii dann sine Zenimk
mohiung fir dis Omb:Eakroda 7, sowln ene
Wishrzahl randsalliger und inminlsgandsr Durch-
jplinga K0r das Bohutzges aul, Disdas Formisd konn
pegsbanenfals mi dar Yerschiasnilisn 11 sinstk-
ki muzgediidet smin

In Weilsrhidung dar voriegenden Erlindusg
kann - insbesorders bal Schutrgasdlses ¥ e
male Schwmilamvendungen - dho B pnds
Sohutrgasdlsen i e Strmzotin auch sn sepers-
tar Weorpchislinibaetz 14 ningosstrl wendsn « var
gloiche Fig. 3. Caser Yerschisllainssts 14 bagtahl
dann eberfals ais 8. Bonirkd, dh, snem Wek-
sioll mit den vorganancian physimieches Bgane
schaften, ao &l in Fmising owischen der Wer
schiifhliss 11, dir Iscleimdss 4 und gsr lman-
peils der Schulzgasdilss 1. db e Sikniske, &
priot keine Schwadligritzer anbocken finnen. Dis-
per Wermshinilaiesaz 14 wind - wis In Fig. 3 dague-
wiedll = wiEugEwalse Ubar pusinirdar komplemon-
Hre Ragh und Fedomibsl 1548 eingeswir. Der
genernia VarschisiBsingalz 14 kann in Varbindung
el e VarschigidnOlss 11 such s eia A Topk
snzaly raslisiert sein, wobsl dann dar Varschigih
snsaly 14 &in innanliegendes Bodansil aulssist
dici din VarschiglnGles 11 BEGL

in Verbindung mi Schuzgasdlsen der gal-
tungsgemdien An ¥nlen bel dngamn Stromibsn
takirchren, dis wis bersls amwilhn, den Sramibas
gang Tir dw asinl schiataede Deshi-Slekimde 7
wamineln. Probeme  aulgund  der  inoenen
Foipunge- Wimatkate an den DerGhrongrrnican
rwiscesh def Dépnicborfibche und der Fohman
dung das Kenissirohrs aul, Dies B3het Rl wnd v
dor zu SiSungss des Drahbvorschubes in der e
ran Kanalbobnaeg. uhd camil belsoiniyesise o
Siotem der Drahi-Bokdroce. Dieees Probéem wisd -
veegisicha Fig. 2 = 0 wellomr Ausgestalung dei
woringerdaen Erfindung deciarch geidat, dall im I
#iFnngetell des Bromkontakirotes § sne gridom
Bohning woigosshan ist, In dis sine weilam Sole
rancs Hilsa 19 aus schrisches Kaamikwerksol

und momiien Geangleiche 13 ) sl Co-

direh wght sich innechall: da Stmmioniskiohrs
f «in Wegoner solsrendar Wi, der ¢ing oplimals
Flhnung dor Drehi-Eskirada 7 grsEvisisal

Eins waliorn Varriegarung cos Belbungswider-
gisnds rsiachan dir Dmehi-Eekeode 7 end dem
Sirembcnizkirohe & i@ daduwch ismer daduech ar-
spictioer, dadl in dan Verladl zeischan der ignismn-
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e HOms 10 und dor der Werschindlhiiss 11 ge-
genilbsriagenden Simsalis sire Ausspanong 20
voigesssan il Damil kenn n diesom Bsrsich dar
zur Sromilberagung wom Strmmonizkinte §
[rphi-Esalipds 7 worhandscs wnd erlordomiicha
Kriimmungeradus der Orahi-Sekrods 7 bazser,

wall sbes wasaniich mungsinsler, vorts plakisn.

Anepriichs

1) Sotulmgesdles flr airen Sehuiegaaici il
prenner, mil sirmm sich bie = die Mihe siner
ahschmetzandan  Drabi-Elsktiods  arsfrachendan
und diess (Ubrendon Swombontskinohr. und siner
md dem Eromiomakironr vorgesehesen isoiehil -

&
demuch prkansesionnal,
dail dis IsplorhCles paoigebet sk ond Twar in
Form
gingr on das abechmelrenda Elekircdensnsde an-
schiuBandsn  aumsschsafbarsn  Verschieil®liss
unid wingm fum Incamn dor Schutrgascliss hin
ligaanden, e du VarschisiOhllss arachisdanden
deeilinn BOMEMETIEL

2} Bchimzgesdian nach Anspruoes |
cladieh gekonnzuichnot,
caf dia VerschiiShllsa aus sinem Eormmikoavers-
st mil hehar Temceriuresighelt, guter Wime-
miiEhiginl, Fohem spaziiscren Widerstand und
gei i dalokirischaon WerusTakior, imsbesondens
s Bomilkd, bestehi, dar won wormeensin sin An-
Hackan von SchwelBsoriizam nicht zuaLk

9} Schubrgasdiisa nach Ansprach 1 odar 2
dasurch galannmmichnad,
dad dw Vechisihiise und dor Bolomanss Ke-
har msinander varbundon sind

4 Sefuzcasdlise rach Anspnach 1 odor 2
deanch gesamasichngd,
dad ds Versehladhlise |Hanar rrﬂmrﬂ-d'uﬂ!’.l-
dilen werisrdan @,

5 Sohlnga il ss rach adnoem dor Ansprchio 1
Ivm 4
dedurch :
dad zumindest im Besaich ihoar dia Drabi-Elakincdca
troigebenden Strraadn sk Sofnv Baprilzar skl
ende  ObsriSichenbeschichiung  wuigabraci 8L
dia baisplaksweiza |h Fonn aned chemach ailga-
bracsten Vernickoung odar @nes plasma-physie-
Ezch vorgiistan Obardificha variagl

) Echeizgasdilse nich airem der Ansgelichs 1
bis 4
daderch goionmesichrat,
faf an dor folen Stimeabs ain Verschisdbsingais
ma sinom Keramikwarzstol mil hobar Tempanmiue

Fan i, daf won vorifenen B ARhacken e
Schwallsoritzem nichl R
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Appendix F

Gas-Metal-Arc Welding Contact Tip
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BE, CH. CY, DE. DK, BS, FI, FR, OB, GR, IE, IT, LU,
(22} Dodernitbnal Fillmg Duge: 16 June 1959 (146,06,949) KT, ML, PT, SEj,
{30} Priority Data: Publkshed
GOVIRD, TIE & June 1994 (1806.98) L5 With imiernationg search reporr,
W33 510 10 Jeme 1955 { 0006 95) s Before the expiration of the twer Limit for omsesding the
clalms and fo be repullithed fa the evenr of the receis of
nmerdmenis,

(1) Apgplicant: TREGASKISS LTD, [CASCAL 1570 Mamh Talbot
Road, Oldeastle, Ontzrio MOR 1LO (CAJ

(72) Imventor: VILLAFUERTE, Juling 13116 Dxllon Drive, Tecum-
sch, Oniario NEN 3X2 (CA).

(84} Tiike: GAS-METAL-ARC WELDING CONTACT TTP
(57} Ahsiract

A cantact tp for use in s ebeetric wekdling forch Inclades an electrically corductive campanent or obe inclading a meusting end e
a dists] pontact end exiending along n loogitudinal wire feed axis. The conductive companent is made of copper, copper alloys or miztures
of copper powder and condoetive ceramic muerinls syniheaized by powder metalliargy methods, The size of the conductive component has
been enlarged to minimize opernting lempermtures. The mounting end of the comdwetive component includss a high beal transfer mounting
surface. The conduclive camposent inthules o theough—bore having o large dismeter partion extending from the mounting end and a sisaf)
diameier portion, sized for guiding the welding wire, proximate 1o the distal end and extending abang the wire food axis, The outlel of the
small dinmeder portion hag no chamther but cleas fight-uegle comerns around the coflet. An elongated high empembare realstant, cerumbc
insert is coaxially mownted in the large dinmeter portion af the electmcally canductive component and includes & comespanding through-boe
aluo gized far puiding the welding wire. The inserl thruph=bore and condective compoment small dismeter portdon deflse @ wine Teed
prssagewsy far supposting the welding wine,
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EAS-HETAL-ARC WELDING CONTACT TIP
Crogs Refersnce Lo Related Applications

This applicaticn claims the benefit of U.B.
Provisional Applieacicn Mo, 60/0B%,752, [iled June 18,
1998,

Fiasld of the Iavention

Thie Ainwvention relates bto electric welding
torch tips and more particularly to a contact tip formed
of mixrures of copper and conductive-ceramic powders
using powder metallurgy processes which may have a non-
coapduckeisve ceramic ingart therein Chrougn which a
continuocus metal wire slectrode is passed and charged
with enpugh current to become filler metsl on A
warkplecs,

Backgrcund of the Invention

In a conventional welding cperation, a wire of
filier mecal or welding wire is ecopnktinuously fed and
charged through a welding torch contact tip having &
wire feed aperture with & receiving and through which
the fillar wire enters the contact tip and & contact =nd
cthrough which a short length of the filler wire projecta
to ba presentced in a suitable position next o the weld
zone. An electrie are is formed between the charoed end
of the wire and an oppopitely charged workpiece which
provides heat to form & weld puddle. In many mechods
and apparati, a welding machipne further includes a
nazzle for blowing an inert or active gas over the weld
puddle to keep it under A& controlled atmospheres. Thie
avoids unwanted reagtions of the molten metal with che
gpurraunding air which result in poor weld qualitcy,
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In welding methods of this general category,
the wolding wire 15  urreoiirid frodm & EpDol @i
aucomatically fed inte the welding assembly ags the
welding wWire i consumed. The welding wire has a casl,
which 18 Arcuate 1in nature, as Lt e Lormed and wouwnd an
the Epool It i desirable £o maincaln good eleccrical
continuity between the wire and the contact tip, Drive
rollers are often used to feed the wire off the spool
and into the welding corch, The wire must be mecved
thraugh the wire feed apertur= smoothly, wikhout
jerking, for accurate and high performance welding to be
gacisfaccorily achieved.

Welding methods ol this LypR. MEasUre pProcCess
cfficiency by Che peErcentage of arc-on time during
production Manual, mechanized, automatic or robobic
gystems using these welding meLhods often deliver
pfficiencis=s of lege than 50% The Cime during which a
laborer or machine i nob welding 15 generally
artcributable to operatiomnal difficulty of the welding
Bpparatus which is often related to Ehe performance of
che contact tip.

Contack tips are traditionally fabricaced as
cylandrical tubes made of pure copper or high copper
content alloys which have high electrical and thermal
conductiwvity. Under normal service conditions, conkact
tips may be axpoBed Lo OpEFaring Cemperatures well abave

400%C [TR2eF) . Operating temperature ig critical in

determining the performance of contact tipes, Higher
temperatures degrade the material propsrcies  and
accelerate failurs of contact tips, Heat 18 mainly

trangferred by conduction from the contact tip to che
wialding corch.

Under normal service conditions, contact tips
are subject to systemabtic accumilation of debris carried
by the wire surface intc the contact tip wire feed
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aApETLULE These debrig are burnt during cthe welding
operaticn leaving refractory non-conducbive byproducts.
Concact tip wire feed apertures are [abricated with &
dimepgicnal tolerance ©o minimizea friccion cto che
passage of the welding wire. Ln such contact Bips, Crue
eleccrical contact ig only possible at discrets points
alomg the wire faed aperture, and depends on wire feed
aperture tolerance and the cast in the welding wire,

The presance of non-conduotlive material inside the wire
feed aperture causes electrical contact Lo becoms
unstable, which resulcs in contack kip failure Also,
the presence Of additicnal material ingide the vire fped
aperture increases the likelihopd of wire choxing due Co
repericive expansion and contraction eyeles which may
prevent regular feeding causing bad weld starts or

burnback, a condition in which che wire melce ©o che and
of the contact Eip.

In welding mechods aof this kind, charo are
sporadic liguid wmecal DUTSLS ariginated at FTegUlar
digruptions of the molben uirefpuddle bridge or by
regqular percurbations to the puddle surface, Burste of
this pature result on ligquid metal belng regularly
gxpelled from Che weld Zone &AE mWiniature droplets or
gpatter which binde and builde up on the contact end of
the concact tip on tha inside of the wire feed aparture
arcumd che gutbtlet. Excegslyve spatter acCcumulatian atc
ehe Efromt of the concact tip creates a metal bridge
betwesn Ehe ‘I'I'lﬂ"."ll'l.g walding wire and the Concacht ‘I'..‘l.P
which eventually causes fesding fluctuations and may
brimg the process to 8 halt, Also, spatter buildup in
and around the wire Ffeed apercure outlek produces
choking of the filler wire leasding to similar faesding
problems . Feeding instabilicy leads to comcact tip
failure by burnback or bad weld ETATEE.

Furchermore, Che COnCact wire [eed aperture is
subieat ©O WeAr damage Dy abragion or electrical erosion
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cauged by the sliding fraction between the charged wire
feed aperture surface and the moving welding wire,
Excessive unidirectional wearing of che wire fosd
aperture outlet or *keyholing" caupes the wire to miss
the targsr seam resulting in misplaced welds. This is
critical to robotic welding in which program schedules
are not designed to compensace for such source of
variation.

1t iF kmown in Che art relacling Co CONCiNUDUE
feed welding torches Co usm replaceable contact tips
that have a&n ineert disposed in the contact tip distal
and proximate Che workpiece. Typically bthese insEsrts
are of & hsrder material cthan the copper of the cip.
Thege ingerts are clailmed to extend the contact tip life
by reducing wear afF the welding wire i= fed throwgh the
tip. Howewver, LtheEe inserce, and ocher inserce Eo
posicicned, inhibit current transfer close to the arc
where it ig more efficient for are stability and welding
soundness

Copper-carbon “"alloys" have hean suggestoed Lo
improwe lubricity and reduce coefficient of expansion of
the contact tip wire [eed apercture. This previous art
alao Tefers to copper-carbon "alloye" that prnuiue hiagh
electrical econduccivity while fhawing low thermal
conductivity and high melting point. This art refers to
the Fabriecation of cylindrical cantact tips by injection
malding er craditional machining.

Copper-carbon "alloys" are not posgible since
carbon is immiscible in copper However, Copper and
carbon can be integrated into a single material by
powder metallurgy methods which involve pressure-die
molding followed by controlled sinkering, Carbon comes
in many different crystallographic groupe including
giamond, graphirte, amorphous and buckyballs. Each one
of these groups exhibits contrasting mechanical and
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Fh}l’ﬂil_—ﬂ-_l pt‘ﬁpEttilE. Furthermore, wiCthin each group
gpecific mechanical and phyeical properties depend on
the level of impuritiea and orientation of the cryscal
prructure with rEspect to applied external forces,
Diamond exhibits the highest thermal conduectivicy and
hardness of any =material while possessing the lowesl

glecerical conductivity of any macerial. Graphite
exhibit limited elecerical and themal conduccivicy
depending of erystal origntation. The good lubricity

of graphice resulcs from the hexagonal arramgemsnt af
layer planes, Hach plane is ftrec co slip or slide past
ane another. Amorphous carbons hawve smaller monoplanes
piled in turbostatic stacke which have a wariety af
properties including emall expansion coefflcient wicth &
variety of thermal and electrical conduccivities
Buckyhalla are special "soccer-ball® configurations of
carbon  which exhiblc special electrical and other
propercies,

Powder mecallurgy |P/M} maceriale have cercain
percentage of undesirable porosity which is inherent to
the P/ process. A challenge of &very P/M process is to
minimize poroaity 80 that che deneity of the P/M
marterial la as cloge as possible to ics Eheoretical
density.

Bummarv of the Inventicn

Tha present invention provides an improved
contack tip fer gGap-metal-arc welding wherein a
continuous wire of filler metal or welding wire is
passed chrough an electrically charged contact tip which
passes itz charge to the welding wireg while the
workpiece 18 oppositely charged.

A8 iF hereinafter more fully described, che
concact tip that minimires friction in its wire Fasd

aperture, disgplay high thermal diffusivity, possess high
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glectrical conductivicy, provide permanent anti-gpatter
protection, gtabilizee the location of the current
trafnsfer poinc [insert] , mMinimizZes operating
temperatures and eliminate excessive wearing of the wire
feed aperture.

More specifically, the present inventicn
provides a contact tip for use in a welding torch that
guides a walding wire coward a workpiece and transfers
welding current from a torch teo the welding wire The
gontact cip comprizes an electrically conductiwve
component including a mounting end and a distal comtact
end extending along a longituwdinal wire feed axis. The
conduckive component incleudes a through-bore or wire
feed aperture that may have a large diameter portion
extending Erom & mounting, wire receiving, end and a
gmall diamegser pﬂ:tinn, gized L[or guiding the welding
wire and cransferring che welding current., proximace to
the distal end and extending along che wire feed axis.

In one embodiment of the invenctlon, an
elongated high temperature refistant, ceoramic insart
including & corresponding through-bhore gized for guiding
the welding wire, is coaxially mounted in the large
diameter porcion of Ethe electrically conductive
COMPOREnt . Tharein, the insert through-bore and
copductive component small diamecer porcion define a
wire fesd passageway for supporting the welding wire.

Preferably the emall diameter porticn of the
conductive component proximabe its distal end extends
less than 100% the length of the through-borve extending
through the tip., The small diameter portion of the
conduccive compeonent exhibive & 2emeller tolerance
between wire Size amd hore Bize 5o Chat true elececrical
conbact i imnroved.
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ong end of the insert through-bore may be
tapered, This tapered end is the end mounted adjacent
the conductive component mounting ond bo facilicate
spucroduction of welding wire Chrough the insert portion
of the contack cip. Praferably the capered end includes
a Bidewall disposed generally at &an angle of aboukb 30
degrees to the longitudinal wire feesd axis,

The front-end outside gecestry of the tip
comprises an enlarged outside diamecer at the tront end
which enbances the ability of the cip to diffuse heat
thus lowering operating temperabures.

Another feature of the [ront-end geometry is
the lack of chamfer at che cutlet part of the wire [eed
aperture, A right angle corner edge provides enhanced
current transfer, lowers oOperating temperature and
prevents micraspatter f[rom antering the wire feed
aperture

Bnother feature of the Lip front-end geomeLry
compriges an eplarged radius of curvature and bulbous
shape which maximizes metsl mass abt the front end

lowering operacing temperatures 4at Ehe wire feed
Aperture.

Anaother feature of tche front-end may be &
coating of an extra-hard protective film of diamond-like

carbon which enhances Che ability Eo reject spatter
buildup.

The mounting end of the contack tip inecludes
& connector that provides high hear transfer, In one
embodiment, the mounting end comprises & frusto-conical
surface and taper-lock thread arrangement which enhances

the ability of conducting heat transfer away from the
contact tip.
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In one embodiment of the invention, the
conductive component compriges Copper or a high copper
content alloy, The inwventicn also comprises a
conductive component made of a CompOosite mAterial
consisting of sintered powders of high purity copper and

conductive ceramiec particles, Conductive ceramic
particles include special crystalline forms of carbon
including but net limited te graphite, Epecially

oriented graphite particles in sufficient density
enhance anti-spatter properties of the material and

increases lubricity in the wire feed ApErLUL® . PiM
Copper-graphite composites exhibit lower electrical and
thermal conductiviey than pure copper. Therefors

EXCesBive amounts of graphite [above 20%) may precliude
the principal funetion of the contact Lip leading to
catastrophic fallure, F/M Copper-graphite composites
TUEC have & dengity higher chan B0 of the ideal
densities of their solid counterparts

In anather embodiment of the invention, the
conductive component may comprige a cylindriecal insert
made of a ceramic material including, but not limited
to, adluminum axide, boron carbide, gmilicen carbide,
gilicon oxide, alumimum nitride, zirconium oxide, boron
nitride or any mixtures of theee substances. The CEramic
ingert limite current transfer to the Eront end of the
tontact cip which minimizes burnback GCCUrrences .

These and other features and advanteges of the
invention will be more fully understood from the
following detailed description of the invention taken
tagecher with the accompanying drawingg,

Brief Description of the Drawings

In the drawingg:
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FIG, 1 iz a eectlomal view of a welding tococh
gontact bip canstructed in accordance with cthe pressnt
invesition; and

PIG. 2 is a sasctional view of a welding corch
contact tip copetructed in accordance with the pressnt
invention and including a ceramic inmert at a welding
wire receivimng end.

Detsiled Desgcription of the Invention

Referring now £o FIGS. 1-2 in decail, numeral
10 gensrally 1lndicartes & Contact Tip far use in a
cant imuoue Eepd walding torch, not shown. Contact cip
17 feedingly guidez a welding wire, as is known, toward
a warkpiece and transfers welding current fram the btorch
ta the wire.

Referring tao FIGS. 1-2, the contact tip 10
insludes an  electrically conductive component 12
ineluding a mounting end 14 and a distal contact end 16
extending along a longitudinal wire tesd awis 18, The
ponducbivwe compans=nt 12 i1includes a throwgh-bore 320
having a large diamster portion 32 extending from the
mounting end 14 and a small diamecer poreien 24 sized
for guiding welding wire, proximate the distal end 16
and extending along the wire feed axis, Mounting end 14
includes a connector that provides high heat transfer
In the embodimente shown, mounting end 14 is @ Erustbo-
conieal purface and caper-lock thread srrangement for

attaching the tip 10 to a cooperacling surface oo &
walding torch.

gucler 30 pf the emall diameter portion 24
containg ne chamfer and the adge around the suclet and
forms gmnerally a right angle with no matal debris or
inconsistent sharp edges. A8 illustraced, the radiuve of
curvature of che front eond 32 or contact end of cthe cip
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ig increased and has a bulbous abape which lowers
pperating temperatures around the ocutlat 30 of the small
diameter portion 24.

Whers applicable, an elongated high
temperature resisctant ceramic ingert 28 3is coaxially
gounted in the large diameter 22 af the conductirn
componenc 12, Insert 26 iLncludes a through-bore 28
correpponding to the small diamater porcion 24 and ia
gizad for guiding welding wire thersethrough. The ingert
through-hore 28 Bnd conductive component emall diameter
porticn 24 define the wire feed passageway [or
supporking the welding wire,

In the embodiment illustrated, ths conduckbive
component 12 comprisss ocopper, & high copper conbtent
alley, or eintered mixtures of copper and conductkive
ceramic particles including composite materials made of
copper and certain forms of graphite with finsl density
higher than  BDE. The eperamic ingsrt 2§ pompriees
ceramic material ilancluding but not limited co one af
aluminum oxide, boron carbide., rilicon carbide, silicon
oxide, aluminum nitride, mircanium oxide, boron nitride
or amy mixbdre of Chegs subSTAnNCes.

With continuing reference to FIG. 1, the small
diameter portian of the conductiwve componant 13
proximate the concdictive component distal end 16 has &
length in tEhe range of 100% the leagth of the concact
Bip wire Ceed apsrture. It ie ar this porkion 24 that
tha walding curremt is transferred from tChe welding
torch to the welding wire.

In FIG. 2, the small diameter portion 24 of
tha conductive component 12 proximate the conductive
compotent diseal end 16 has a length of 0% the lengbh
af the contact cip chrougli-boare. The limited lengch of
tha small diameter portion 24 provides for bebtter arc
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10.
12,
14,
16.
17.
1H.
20.
22

24,
26,
26.
30.
37.
34.
36.
38,
40,
42,
44.
46,
486,
50,
52.

Reference Numeralp

contact tip
conductaive component
mounting end

distal comtact end

wire feed axie
through-bore

large diamecer

small diam. portion
ceramic insert
through-bore

outlet

front outeide corner

54
56.
58.
&0.
6.
64 .
BE .
GH.
T,
T,
74 .
T6.
TH.
80.
B2,
B4,
BE.
aa.

S0.
9.
o4.

=1
oB.
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What is claimed is:

1. A contact tip for use in & welding torch
rhat feedingly guides & welding wire toward a workpiece
and ctransfers welding current from the corch to the
wire, the contact tip compriging:

an electrically conductive tube including a
mounting end and & distal contact end and extending
glong a longictudinal wire feed axis;

ga8id conductive tube including a through-bore
extending aleng eaid axis through which said welding
wire is fed; and

gaid conductive tube digcal emnd has an
increased outside diameter and bulbous shape.

2. The cip of claim 1 wherein said conductive
tube comprises copper material.

A, The tip of claim 2 wherein Baid copper
material comprises onme of copper, copper alley, and
gintered copper with conductive ceramic particles.

4. The tip of claim 3 wherein said sintered
copper with conductive ceramic particles compriges 99.5
to BO% Cu and 0.5 to 20% ceramics.

g. The tip of claim 3 wherein eaid sintered
copper with conductive ceramic particles comprises 95.0
e 90% Cu and 5.0 to 10% ceramics.

€. The tip of claim 3 wherein said sintered
copper with conductive ceramic particles comprises 99.0
to 85% Cu and 1.0 to 15% ceramics.
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1%. The tip of claim 14 wherein Bald ceramics
material comprises one of aluminum cxide, boron carbide,
gilicon ecarbide, gilicon oxide, aluminum nitride,
zirconium oxide and boron nicride.

16. The tip of elaim 13 wherein Gaid small
diameter portion proximate said conductive tube distal
end extends less than 100 percent of the length of said
through=bore .

17, The tip of claim 13 wherein said ingert
through-bore includes a tapered end at one end adjacent
paid conductive tube mounting end.

18 The tip of claim 17 wherein said capered
gnd is defined by & sidewall disposed generally at an
angle of about 30 degrees to the longitudinal wire feed
BXiE.

1%, The tip of claim 13 wherein said through-
bore generally forms a right angle corner &t the distal
contackt emd.

20, The tip of claim 13 wherein said mounting
gnd includes & high heat transfer surface that maximizes
contact arcea.

Z1. The tip of claim 20 wherein eaid high
heat transfer surface is s fruste-conical surface and
caper-lock thread arrangemant.

22. The tip of claim 13 wherein said bulbous
distal end includes an anti-gpatber coating.

23, The tip of claim 22 wherein sald coating
comprises a diamond-like carbon material.
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