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IMPROVED WELDING APPARATUS

BACKGROUND OF THE INVENTION _

The present invention relates generally to a novel construction for an
improved welding apparatus, and more specilically to a novel construction for an
improved electric arc welding gun/torch.

Welding processes are widely used in modern day manufacturing. One
such welding process is commonly referred to as arc welding, which utilizes an
electrical curreht, and an electrode. The American Welding Society (-"AWS") defines
arc welding with seven subclasses, viz. shielded metal arc welding, submerged arc
welding, gas metal arc welding, flux cored arc welding, gas tungsten arc welding,
plasma arc welding, and electroslag welding. Electrical current heats the tip of an
electrode such that the electrode and the adjacent portions of the workpiece become
hot enough to fuse. In order to prevent molten metal from reacting with componcnts
of the surrounding ambient atmosphere, a fluid flow of a shielding gas, such as
helium, argon and the like, or a solid slag surrounds the molten metal and the
adjacent portions of the workpiece.

In some instances, these things needed for arc welding ar€ provided in
the form of a welding apparatus or gun which facilitates manipulation of the
electrode and the shield by a workman during welding. One example of an arc
welding gun of the prior art generally comprises a handle member connected to an
end of a composite cable which delivers arc power and shielding gas from suitable

sources. A cone nut is located at the end of the composite cable, and the cone nut *
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has threads conncctable with complementary threads on an end fitting. The end
fitting has another set of threads which are engagable with complementary threads on
a lock nut for operatively connecting a body tube to the end fitting. Because the end;
fitting and the body tube are electrically conductive, an insulating member may be
positioned over exposed portions of the end fitting and the lock nut. A liner, in .
which a consumable electrode can be inserted, extends through the composite cable '
and the body tube, and terminates adjacent a distal end of the body tube. A contact
tip for weldingly contacting the electrode is disposed at the distal end of the body
tube.

Currents used in arc welding can be on the order of hundreds of Amps.
These currents generate sufficient heat, especially at and adjacent the contact tip,
which, in combination with other effects of arc welding, can cause deterioration of
portions of the welding gun. The body tube and the liner are often susceptible to this
deterioration. In addition, body tubes may have certain, predetermined configurations
which make them particularly adept at forming a certain weld, may have particular
utility with a given workpiece, etc. The liner may be abraded within the body tube as
the electrode is continuously used. Therefore, it may become desirable to replace the
body tube and/or the liner in order to insure efficient welding of the workpiece.
However, the method of replacing a body tube and/or a liner may be quite difficult
or tedious and may be relatively expensive in time and in labor.

A typical method of replacing a body tube A may be more easily
understood with reference to Fig. 2. To replace a body tube A, the handle member
must be removed. The insulating member is stid off of the lock nut B and the end
fitting C to reveal the driving flats of both elements. The cone nut D at the end of
the composite cable E is inserted into a vise F, and the vise F is activated to firmly
hold the cone nut D against rotation. Now, a first wrench is applied to the lock nut B
_ to rotate the lock nut B with respect to the end fitting C to disengage the threaded
connection therebetween. A second wrench is applied to the end fitting C to fix the
end fitting C against rotation with respect to the cone nut D or the lock nut B. Force
is applied to the first wrench to rotate the lock nut B while another force is applied
to the second wrench to hold the end fitting C fixed. This force application continues

or is increased until the threaded connection between the lock nut B and the end
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fitting C is loosened. Once the connection is loosened, the body tube A is rotated
with the lock nut B and removed completely from the end fitting E. '

Because the threaded connection between the lock nut B and the end '
fitting C is torqued, often to about 15 foot-pounds, the forces required to break the
threaded connection may be rather significant. In addition, appropriate portions of
the body tube A and/or the end fitting C may be tapered at a slight incline. This
taper may make the time required to disassemble the body tube A and the end fitting
C rather long, which increases the down time of the welding gun, and which possibly
correspondingly decreases the amount of revenues that can be generated by usc of
the gun, Alternatively, two workmen, one working each of the wrenches, may
cooperate to loosen the connection, but this method is relatively labor intensive,
thereby also possibly decreasing associated revenues.

The liner extends through the axial length of the composite cable E and
into the body tube A. The liner may be ten to fifteen feet long or longer dependmg
upon the length of the composite cable E desired for a specific welding application.
While the old liner may be relatively easily removed by pulling it through the open,
distal end of the composite cable connection, the new liner will have to be carcfully
inserted through the entire length of the composite cable E. This installation process
may be tedious, requires removal of the welding gun from production, possibly further
reducing revenues. In addition, it is to be noted that the operative welding
temperatures, about 400 degrees Fahrenheit, tend to be concentrated at the contact
tip of the welding gun. Thus, significant deterioration of the liner may only occur
immediately adjacent the contact tip. This means that, in some instances,
deterioration of a few inches of the liner may require replacement of the entire liner,
which may be almost an order of magnitude longer than the deteriorated portion of

the liner. Because the entire liner must be replaced due to deterioration of such a

. small portion thereof, liner replacement of the present art can be wasteful and also

costly. These things can increase the costs of maintaining and/or using a welding gun
because of increased labor and parts costs.

.Because of these characteristics, among others, of some prior art
welding apparatuses, such as arc welding guns and the like, it is desirable to provide

an improved welding apparatus which is not subject to some, if not all of the above-
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The present invention relates generally to a novel construction for an

I mproved wel di ng apparatus, and nore specifically to a novel construction
for an inprioved el ectric arc wel ding gun/torch. Vel di ng
processes are widely used in nodern day manuf act uri ng. One such wel di ng
process is commonly referred to as arc¢ meldlng, which utilizes an
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intended to provide such an improvement.

SUMMARY OF THE INVENTION

The present invention provides an improved welding apparatus, such as
an arc welding gun and the like, The welding gun facilitates removal of a body tube
therefrom without the use of tools, thereby possibly reducing the time and labor
needed to replace a body tube. In addition, with the welding gun of the invention, it
is not necessary to replace the entire axial length of a liner to remove a relatively
small deteriorated distal:portion of the liner. The welding gun of the invention may
be less costly to repair aﬁd maintain than some prior art welding guns, and it is
possible that utilization of the novel welding gun may result in revenue savings Lo a
user.

A general object of an embodiment of the present invention is to
provide a novel construction for a welding apparatus, and especially for an arc
welding apparatus.

A more specific object of an embodiment of the invention is to provide
a novel construction for a welding gun, and especially for an arc welding gun.

Another object of an embodiment of the present invention is to provide
a novel welding gun having a body tube which is replaceable quicker and easier than
some prior art body tubes.

An additional object of an embodiment of the invention is to provide a
novel welding gun having a body tube which can be removed without the aid of other
tools.

A further object of an embodiment of the present invention is to
provide a novel welding gun having a construction which makes liner r_ep_]acement

- easier than some prior art welding guns. -

A novel welding apparatus, constructed according to the teachings of
the present invention, comprises a body tube having a tapered portion defining a first
angle, and an end fitting releasably connectable with the body tube and having a
tapered portion defining a second angle. The tapered portion of the body tube is

releasably connectable with the tapered portion of the end fitting. The first angle
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arc welding wth seven subcl asses, viz. shielded nmetal arc welding,
subnmerged arc wel ding, gas netal arc welding, flux cored arc wel ding, gas
tungst'en ar'c wel ding, plasma arc wel ding, and el ectroslag wel di ng.
El ectrical current heats the tip of an el ectrode such that the el ectrode
and the adj acent portlons of the wo kﬁiEce beconme hot enough to fuse. In

order to pr nt. mol.ten ro react' L of the
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t he adj acentpd@tihgd, ORFin& hat B WPHLKRh AEPosed within the end fitting and a second
portion disposed within the body tube. A connection member operatively releasably
connects the first portion of the liner with the second portion of the liner. A member
is disposed on one of the body tube or the end fitting for releasably connecting the
body tube to the end fitting. A positive stop member is formed on the one of the
body tube or the end fitting for positively retaining the member on the body tube or
the end fitting.

BRIEF DESCRIPTION OF THE DRAWINGS

The organization and manner of the structure and operation of the
invention, together with further advantages thereof, may best be understood by
reference to the following description taken in connection with the accompanying
drawings, wherein like reference numerals identify like elements in which:

Fig. 1 is a partially sectioned side elevational view of a novel welding
gun constructed according to the teachings of the present invention;

Fig. 2 is a plan view of a prior art welding gun held within a vise to
facilitate removal of a body tube therefrom;

Fig. 3 is an enlarged sectional view of a threaded connection between
an end fitting and a body tube of the novel welding gun of Fig. 1 with a jumper liner
removed for clarity;

Fig. 4 is a perspective view of a jumper asscmb]y inscrtable into the
body tube of Fig. 1; _

Fig. 5 is a sectional v1<:w taken along line 5-5 of Fig. 4 illustrating the

_construction of a connection member for the welding gun of Fig. 1; and
Fig. 6 is an enlarged sectional view of the body tube of Fig. 4 being

_connected to a cable liner with an end fitting removed for clarity.
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In sonme instances, these things needed for arc welding are provided in the
formof a welding apparatus or gun which facilitates mani pul ati on of the
el ectr'ode and the shield by a workman during wel ding. One exanple of an arc
wel ding gun of the prior art generally conprises a handl e nmenber connected
to an end of a conposite cable which d&rivers arc power and shi el di ng gas

from sui t ablgSOUEGASESARIPIRGN B THIE 11 LOSHRATED ENSoBRdERTSt he conposi te
the cone nut.

cabl e, and the cone nu
This is the repl acenmifiile drdayention may be susceptible to embodiment in different

forms, there are shown in the drawings, and herein will be described in detail, spccnﬁc
embodiments with the understanding that the present dlsclosurg is to be considered
an exemplification of the principles of the invention, and is not intended to limit the
invention to that as illustrated and described herein.

Referring initially to Fig. 1, a novel arc welding gun 10, constructed
according to the teachings of the present invention, is illustrated. It is to be noted
that, while the embodiments of the invention will be discussed herein with respect to
their employment with arc welding, for the sake of clarity, the embodiments of the
invention may be used with any suitable type of manufacturing process without
departing from the scope of the invention. In addition, while the embodiiments of the
invention will be discussed separately, again for the sake of clarity, it is to be fully

~understood that the embodiments can be combined in any suitable manner without
departing from the scope of the invention. Also, some elements of the novel welding
gun 10 are well known to those having ordinary skill in the art, and, thus, those
elements of the welding gun 10 will be discussed only with sufficient detail necessary
to provide the reader with an appreciation of the embodiments of the invention.
Furthermore, the embodiments of the present invention can be utilized with certain
existing welding apparatuses and guns, such as the EZ FEED and EZ FEED 1l
welding guns available from Bernard Welding Equipment Company of Beecher,
Illinois.

The welding gun 10 generally comprises a handle portion 12, half of
which is shown in Fig. 1, a composite cable 14, an end fitting 16, and a body tube 18.
The handle portion 12 can be made of an electrically insulating material, such as a
plastic, and may have a configuration adapted for facilitating manipulation of the

- welding gun 10 by a workman. The composite cable 14 may be of wel-lﬂk-n()wn
construction and is connected at one end to a suitable source of electrical power and
shielding gas, such as helium, argon, carbon dioxide, and the like, not shown. An
opposite end 20 of the composite cable 14 is operatively connected to a proximal end
of the end fitting 16 by suitable means. The composite cable 14 may have any axial

length sufficient to position the welding gun 10 for welding. A cable liner 22 extends
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substantially axially through the hollow interior of the composite cable 14 and the end
fitting 16 in well known fashion. INowever, a proximal portion of the cable liner 22
terminates distally within the end fitting 16. This is an important difference from :
some of the welding guns of the prior art, and the significance of this construction will
become more clear later. This cable liner 22 construction allows for replacement of a
deteriorated portion of the liner 22 without requiring replacement of the entire liner
22, as discussed earlier with respect to Fig. 2.

The body tube 18 comprises an inner element 24, made of a conductive
metal such as copper, and an outer element 26, made of a metal such as brass. An
insulating element 27, made of an appropriate material, such as a high temperature
TEFLON, nylon, or the like, is disposed between the inner element 24 and the outer
element 26, which are releasably connectable to the end fitting 16. The insulating
element 27 prevents electrical current from flowing from the inner element 24 to the
outer element 26. The body tube 18:is straight or bent to define an-angle for
facilitating the welding process. The angle usually measures 22.5, 30, 45, 60 or 180
degrees. The body tube 18 has a distal welding end 28, opposite to the end of the
body tube 18 connected to the end fitting 16, which terminates at a contact tip 30 for
weldingly contacting an electrode, not shown. A magjority of deterioration of the liner
22 occurs proximate to the contact tip 30. A member or locking nut 32 is disposed
around the body tube 18 adjacent the end thereof connectable to the end fitting 16
for firmly attaching the end fitting 16 to the body tube 18. The body tube 18 also
includes a through bore 34 extending along the axial length of the body tubé 18. The
through bore 34 is dimensioned for accepting @ jumper liner 36, which forms an
operative extension of the cable liner 22. The significance of the jumper liner 36 will
be discussed further below.

As shown in Figs. 1 and 3, the end fitting 16 has a through bore 38 for
accepting the cable liner 22 and a portion of the body tube 18 and the .i;;cking nut 32.
Specifically, the through bore 38 comprises a substantially cylindrical portion 40, a
substantially tapered portion 42, and an internally threaded portion 44 including
female threads 46. The cylindrical portion 40 has an inner diameter larger than the
outer diameter of the cable liner 22 so that the cable liner 22 can be inserted through

the cylindrical portion 40. The tapered portion 42 which forms part of a novel
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has t hreads connectable with conplenentary threads on an end fitting. The

end fitting has another set of threads which are engagable with

conpl ementary threads on a | ock nut for operatively connecting a body tube

to the end fitting. Because the end fitting and the body tube are

el ectrically conductive, an insulatingdﬁbnber may be positioned over
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a longitudinal axis, represented by dotted line 48 in Fig. 3. In the illustrated

embodiment, the angle o« measures about 2 degrees. The threads 46 on the threaded
portion 44 are matable with complementary male threads 50 on a threaded portion 52

of the locking nut 32 to releasably join the end fitting 16 to the body tube 18. The
threads 46 and 50 define a thread profile common to the similar structures on other
welding apparatuses available from Bernard Welding Equipment Company of
Beecher, Illinois. This facilitates interchangability of the embodiments of the present
invention with cxisting welding equipment.

'The body tube 18 also includes novel structures unique to the welding

gun 10. A proximal end 54 of the body tube 18, and specifically the inner element 24,

includes a tapered portion 56 whose outer surface defines an angle 8 with respect to
the longitudinal axis 48, shown in Fig, 3, which measurcs about 2.5 degrecs. It is to

be noted that there is an angular differential, measuring about 0.5 degrees, between

the angle o and the angle 8. This precise measure of this differential and the angles
a and 6 is subject to usual manufacturing tolerances. This differential facilitates
removal of the body tube 18 from the end fitting 16, thereby providing for relatively

quick change of the body tube 18 and the jumper liner 36 without the need of tools,
even when the threaded connection between the end fitting 16 and the body tube 18

is torqued to about 30 inch-pounds. This advantage of the present invention will be

discussed in greater detail later.

The body tube 18 has a substantially cylindrical portion 58 located

distally of the tapered portion 56. The locking nut 32 is located around the

cylindrical portion 58. In order to positively locate and retain the locking nut 32

about the cylindrical portion 58, a snap ring 60 is attached to the outer diameter

surface of the cylindrical portion 58 to limit movement of the locking nut 32 in one

* direction. As is illustrated more clearly in Figs. 3 and 6, a proximal end of the

locking nut 32 has an annular recess 62 or increased inner diameter portion
dimensioned for accepting and covering a portion of the snap ring 60. The annular
recess 62 insures that the snap ring 60 will remain in place on the cylindrical portion

58 when substantial loads are applied thereto, and also cooperates with the snap ring
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tip for weldingly contacting the electrode is disposed at the distal end of
t he body tube. . Currents used in arc wel ding can be on the
order ‘of hundreds of Anps. These currents generate sufficient heat,
especially at and adjacent the contact ;tip, which, in conbination with

ot her effects of arc welding, can causé “deterioration of portions of the

wel ding gun. o GoAehichy 86y sl hofhfen P8t FOIRHAE ARG © LhT o

deterioration ddition, body tubes may have certain, predeterm ned
conf|gurat|dﬁ@“ﬁh#dﬁ”ﬁﬁﬁ%‘Pﬁéﬁ#bd??ﬁ%ﬂ%dp1y adept at forming a certain
wel d, may have parti dobafr to positively retain the locking nut 32 on the cylindrical portion

58, a distally located positive stop means is also required. This distally located
positive stop means is formed by swaging the material comprising the inner element .
24 of the body tube 18 to create a protuberance or raised step 64 on the outer
surface of the inner element 24. The step 64 may be annular and projects
substantially radially away from the outer surface of the inner element 24 a distance
sufficient for positively limiting distal movement of the locking nut 32 on the
cylindrical portion 58. In the illustrated embodiment, the step 64 extends away from
the outer surface of the cylindrical portion 58 approximately 0.015 inches. It is to be.
noted, as is evident from Figs. 1, 3 and 6, that the inner diameter surface of the
cylindrical portion 58 of the body tube 18 remains substaﬁtiu]lj constant, and that the
inner diameter of the cylindrical portion 58 is not increased or decreased by the
formation of the step 64. Furthermore, by forming the step 64 by a swaging
procedure, the overall strength of the body tube 18 is increased.

The locking nut 32 also includes an annular recess 66 or increased inner
diameter portion located distally of the annular recess 62. The annular recess 66 is
dimensioned to accept the step 64, and cooperates with the step 64 to limit distal
movement of the locking nut 32 along the body tube 18. Thus, the relative axial
locations of the annular recesses 62 and 66 on the locking nut 32 and of the snap ring
60 and the step 64 on the cylindrical portion 58 are predetermined to positively limit
the range of axial movement of the locking nut 32 along the outer diameter surface of
the cylindrical portion 58. However, it is to be remembered that those relative axial
locations are chosen to provide sufficient axial movement of the locking nut 32 to
facilitate joinder of the body tube 18 to the end fitting 16, and that the lockmg nut 32

- is free to rotate about the cylindrical portion 58. Also, while the lllustratcd
embodiment shows one step 64 and one snap ring 60 forming the positive stop means,
it is envisioned that the snap ring 60 can be replaced by another step 64 without
departing from the invention.

As stated above, the body tube 18 can be releasably joined to the end
fitting 16 without the aid of tools. Thus, the threads 50 on the locking nut 32 are
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utility with a given workpiece, etc. The liner may be abraded within the
body tube as the electrode is continuously used. Therefore, it may becone
desirdble to replace the body tube and/or the liner in order to insure

ef ficient welding of the workpiece. ver, the nmethod of replacing a body
tube and/or a liner may. be quite di fffcult or tedi ous and may be

relatively @ﬁ‘gQEzﬂ;%' \)/1@1 ﬂhg tltrl:'m% 4@'39 tﬂerbnhqm{g 16 by hand To delhtatéA‘ﬂﬁsyrmrE@l et hod
of replacin rstood with reference to

Fig. 2. To g’éb‘?’sa(féy %c'b'dag}"& Ub‘g’“‘A‘%"f’H‘& ‘H'éfh 8%&1{1&""%&"'%% ‘¢lfoved. The
i nsul ati ng mpabdeméns 68 hidla birfd 1ot ot hieer adakennGld. Bhenindert dhanaands is :

formed from a metal, such as brass and the like, and is constructed substantially
similarly to the locking nuts of the prior art. The outer element 70 is formed of an
electrically insulating plastic material which can withstand the (;pcrzltillg temperatures
of the welding gun 10, which are about 390 degrees Fahrenheit, and can hold at least
8 foot-pounds of torque. The currently preferred material for the outer clement 70 is
GLASTIC 1412AD (black) which is available from Glastic, Inc.

The outer element 70 can be overmolded onto the inner element 68, or,
alternatively, may be molded as a separate picce, slid over the inner element 68 and
secured thereto by means of a mechanical or chemical fastening systen. In order to
insure firm attzichment of the inner element 68 to the outer element 70, the inner
element 68 is provided with means for keying the inner element 68 to the outer
element 70. In the illustrated embodiment, this keying means takes the form of a
pair of annular recesses 72A and 72B or reduced outer diameter portions .Iocatcd
along the shank of the inner element 68. If the outer element 70 is overmolded onto
the inner element 68, the plastic material of the outer element‘70 flows into the
annular recesses 72A and 72B, thereby insuring a firm bond between the inner
element 68 and the outer element 70. The locking nut 32 includes a plurality of
driving flats 101 which can assist in efficient torque transmittal from the outer
element 70 to the inner element 68 to threadibly engage the male threads 50 on the
locking nut 32 with the female threads 46 on the end fitting 16. .

The locking nut 32, and specifically the outer element 70, is provided’
with a configuration for facilitating manual attachment of the end fitting 16 to the
body tube 18. This configuration is more clearly illustrated in Figs. 4 and 5. The
illustrated embodiment of the configuration of the locking nut 32 conu-);i;cs" a serics
of alternating lobes 74 and flutes 76 disposed along the circumference of the outer
element 70. Preferably, there are six lobes 74 and six flutes 76 disposed equidistantly
along the circumference of the outer element 70, i.e. located every sixty degrees along
the circumference. In addition, each lobe 74 includes knurls 78 which can provide for

a better grip of the outer element 70. This configuration and the outer element 70 in
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fitting Cto reveal the driving flats of both elenents. The cone nut D at
the end of ,the conposite cable Eis inserted into a vise F, and the vise F
is activated to firmly hold the cone nut D against rotation. Now, a first
wench is applied to the lock nut B toyrotate the |lock nut B with respect
to the end fitting C to disengage the threaded connection therebetween. A
second wr en@bnersl fagiphte @shqlicotrirdifer o6l ﬂ‘wdrkmmgs Kantl Qo fHeXnﬁdﬂ&]eﬁﬁdt g8, tting C

agai nst rot ?\hkc?lrllnc\Mdeb111%e11§<!?$e181{c<&I95({ hfimGQEc k)lc EgkRuQ»? Epﬁ e. l](?lq ifmﬂlétluB Force is

applied to her force is
applied to threbzsisinsddy Rruhean! the dpred tarpdngpfhe Fltffqdﬂ‘gJ@tfhek‘@w thehi s force

appl i cati on ¢g@nitinBY6Snd the locking nut 32 can be accomplished manually without the need
of tools. This can reduce the amount of time required to change liners 22 and body
tubes 18. In addition, because the end fitting 16 and the locking nut 32 are'tightened
and torqued by hand, the possibility of over-torquing of the threaded joint
therebetween is reduced. Furthermore, the construction of the body tube 18 and the
end fitting 16 allows the body tube 18 to be rotated with respect to the end fitting 16
when the threaded joint between the end fitting 16 and the body tube 18 is lightly
tightened or torqued. The body tube 18 can be rotated through a full three hundred
and sixty degree arc about its axis, thereby allowing the positioning of the contact tip
30 to a desirable working, operational position. These things can provide greater
flexibility in welding and represent significant improvements over the welding
apparatuses of the prior art.

As noted above, the outer element 70 is made from an electrically
insulating material. This is necessary because the inner element 68 is placed within
the current path through the welding gun 10. The currents can be quite large, on the
order of hundreds of Amps. Specifically, it is expected that the welding gun 10 may
be made commercially available in at least 200, 350 and 500 Amp models. Because
of these large currents, there may be a possibility that electrical energy may arc across .
a gap, such as the annular gap 80 between a potential ground circuit, not shown, and
the inner element 68 of the locking nut 32. In order to reduce the probability of
arcing across the gap 80, an insulating member 82 is located within the gap §0. In an
exemplary embodiment, the insulating member 82 comprises a rubber O-ring
surrounding the locking nut 32 between the threads 46 and the annulus of the inner

. element 68.

In addition to providing for relatively quick replacement of the body
tube 18, an embodiment of the invention also provides for relatively quick and easy
replacement of the cable liner 22. As stated earlier, a partion of the cable liner 22
may deteriorate during welding operation of the welding gun 10. This deterioration

tends to be concentrated at a distal portion of the cable liner 22 adjacent the contact
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tip 30 of the body tube 18, while the proximally located portions of the cable liner 22
may remain substantially intact. Thus, it may be more economical to replace only a
small, deteriorated portion of the cable liner 22 than to replace the entire axial lcngth
thereof. In addition, by replacing only a small portion of the cable liner 22, the down
time of the welding gun 10 can be-reduced because the new cable liner 22 would not
have to be inserted through the entire length of the composite cable 14. The novel
welding gun 10 of the present invention has unique structures which allow this to be
done.

As shown more clearly in Figs. 4 and 6, the welding gun 10 includes a
connection member 84 which releasably couples the c#ble liner 22 in the composite
cable 14 with the jumper liner 36 in the body tube 18 such that the jumper liner 36
forms an operative extension of the cable liner 22. Accordingly, while the cable liner
22 within the composite cable 14 may be of the gsual length, the length of the jumper
liner 36 may be only about the length of any body tube 18. Because the jumper liner
36 is so much shorter than the cable liner 22, the jumper liner 36 may be less
expensive compared to the cable liner 22, and the time rcquirc.d 1o change the jumper
liner 36 as compared to the cable liner 22 may be cor;espondingly reduced.” This can
reduce the down time of the welding gun 10, and may provide the user with
correspondingly increased revenues.

The construction of the connection member 84 is shown in Figs. 4 and
6. As illustrated, the connection member 84 has a substantially cylindrical
configuration, but it is to be recognized that other configurations are also possible as
long as the connection member 84 is insertable, in the illustrated embodiment, into
the through bore 34 in the body tube 18. The connection member 84 is preferably
made from a metal, such as brass, but other materials can also be used.

The connection member 84 comprises a first portion 86 for accepting an

. end of the cable liner 22 and a second portion 88 which accepts an end of the jumper
liner 36. The first portion 86 has an outer diameter larger than the outer diameter of
the second portion 88 and substantially equal to the inner diameter of the tapered
portion 56 and the cylindrical portion 58 of the body tube 18. This construction
allows the connection member 84 to be inserted into and fit relatively snugly within

the through bore 34 in the body tube 18. The first portion 86 has an inner diameter
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- 3 - fitting Cis |loosened. Once the connection is | oosened, the body
tube Ais rotated with the lock nut B and renoved conpletely fromthe end
fitting E. ™ Because the threaded connection between the | ock
nut B and the end fitting Cis torqued, often to about 20.34Nm

(15f oot - pounds), the fores required tolbreak the threaded connection may

be rather si qgrlggrl & Ehe oun’,r %mme}er APthe ZRRE BB 2% afid BY fntn!:ro n&:naer of the

second portion 88, which is substantially equal to the outer diameter of the jumper
liner 36, Because the inner diameter of the first portion 86 is larger than the outerEa
diameter of the cable liner 22, the cable liner 22 can be inserted into the first portion
86. Moreover, because of the diametric differential between the cable liner 22 and
the first portio'ﬁ 86, the inserted end of the cable liner 22 can floal within the first
portion 86. Thus, the cable liner 22 can float or move within the first portion 86 to
accommodate $tretching of the composite cable 14, which controls movement of the
cable liner 22.

In an alternative construction of the connection member 84, the distal
end of the cable liner 22 may not be inserted into the connection member 84, but the
distal en‘d of the cable liner 22 may butt up against a proximal end of the first portion
86. With this alternative construction, the first portion 86 does not nced the large

~ inner diameter discussed above.

The first portion 86 also has a external configuration for facilitating the
functionality of the welding gun 10. Spccifically, as is shown more clearly in Fig. 4,
the first portion 86 has a number of alternating flutes 90 and lobes 92 equidistantly
spaced along the circumference of the first portion 86. In the illustrated embodiment,
there are four flutes 90 and four lobes 92, although other numbers are also possible.
The flutes 90 define outer diameters smaller than the outer diameters defined by the
lobes 92. The flutes 90 form channels which extend along the axial length of the first
portion 86 for allowing gas to pass from the end fitting 16 into the body tube 18.

. The lobes 92 also extend along the entire axial length of the first

" portion 86, define the boundaries of the flutes 90 and form bearing surfaces
engagable with the inner diameter surfaces of the tapered portion 56 and the
cylindrical portion 58 of the body tube 18, as shown in Fig. 6. Thus, the lobes 92

. substantially center the connection member 84 within the through bore 34 in the body
tube 18, which provides for easier insertion of the cable liner 22 into the first portion
86. A proximal end of the first portion 86, opposite to the end thereof connected to
the second portion 88, is configured to form flanges 94 extending radially outwardly
from ends of the lobes 92. The flanges 94 act as positive stops for positively locating

the connection member 84 within the body tube 18. In an exemplary embodiment,
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the body tube A and/or the end fitting C nay be tapered at a slight
incline. This taper may nake the tinme required to disassenble the body tube
A and tthe end fitting C rather long, which increases the down tine of the
wel di ng gun, and whi ch possibly corresglgndi ngl y decreases the anmount of
revenues that can be generated by use the gun. Alternatively, two

wor kmen, one gwed Kldmdaaﬁb lertgct‘)h%ssW[l%@ b.rﬂﬁ mmm)ecgaomeam,,& 94 liopRen the
connection, but this nmethod I1s relatiy Y ?t? i nt ensi. Ve, t her eby al so
élé]lc Ccr o %X

possi bly decr"té‘é&f"ﬁb’”éréé??d‘ﬁé{"éﬂl “}Ce{}'é‘i’\d the aperei portiopre litheb oty ends
through the abedB ahdngttirt dfe dnld &4 obtheogicte! alsineS6tof slrecbody tube 18 to limit;

movement of the connection member 84 into the body tube 18.

As stated above, the second portion 88 has an inner diameter
substantially equal to the outer diameter of the jumper liner 36 so that the jumper
liner 36 is insertable into the second portion 88. In addition, the first portign 86 has
a reduced inner diameter scgment 98 adjacent the second portion which defines an
inner diameter substantially cqual to the outer diameter of the jumper liner 36. An
end of the jumper liner 36 is inserted through the second portion 88 up to the
proximal end of the segment 98, as shown in Fig. 6. The jumper liner 36 is fastened
within the second portion 88 by means of a crimp 100 formed on the second portion
88. In this manner, when the cable liner 22 is inserted into the first portion 86, the
jumper liner 36 forms an operative extension of the cable liner 22 so that the cable
liner 22 effectively extends through the composite cable 14 to a position adjacent the
contact tip 30 of the body tube 18. Once operatively extended, a conductor or
electrode can be threaded through the cable liner 22 in common fashion.

The embodiments of the present invention provide a number of distinct
advantages over the welding apparatuses of the prior art. The angular differential
between the tapered portion 42 of the end fitting 16 and the tapered portion 56 of
the body tube 18 facilitates loosening of the end fitting 16 and the body tube 183,
which maintains current flow between the end fitting 16 and the body tube 18. The
precise measure of the angles defined by the tapered portions 42 and 56 is not as
important as the differential between those angles. Accordingly, it is envisioned that
the tapered portions 42 and 56 could define a number of different angles without
departing from the scope of the invention, as long as the differential or distance

_ between the angles is sufficient for facilitating manual separation of the tapered
portion 42 of the end fitting 16 and the tapered portion 56 of the body tube I8.
Preferably, this differential or distance is about 0.5 degrees. The outer element 70 of
the locking nut 32 allows the locking nut 32 to be threadibly attached by hand. This,
along with the thread profiles and the limits of unaided human strength, may prevent

over-torquing of the threaded connection between the end fitting 16 and the body .
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into the body tube AL The liner may be 3 to 4.5m(ten to fifteen feet)

| ong or | onger dependi ng upon the length of the conposite cable E desired

for a specific welding application. Wiile the old liner may be relatively

easily renoved by pulling it through tha open, distal end of the conposite
cabl e connection, the new liner will have to be carefully inserted through

the entire | qpgt h; Oifnctxm.,@Qﬂpezsm(&up,ablne bedy thhé $s ISl hidfut @y ocess may
be tedious of the we rodu tion, p055|bly

Pur ¢ her - educioil 4 Breiinges puiubirase bl pgpy A 85 fluetp
oper ati ve weltté ngentaivpef delodstubahdut 204[ err] C (400 degrees Fahrenheit),

tend to be concentraygg c(%str&c!?lﬁn mec%ﬁltnper liner 36 and the connection member 84

allows for easier and more economical replacement of a deteriorated portii(')n of the
cable liner 22, as compared to some welding apparatuses of the prior art. Stretching
of the composite cable 14, which effectively moves the cable liner 22 during operation
of the welding gun 10 is compensated for by the clearance between the outer
diameter of the cable liner 22 and the inner diameter of the first portion 86 of the
connection member 84, i.e. the cable liner 22 floats within the first portion 86 of the
connection member 84 as the cable liner 22 stretches. The {lutes 90 allow {or
shielding gas to flow over the connection member 84 during welding so that the
presence of the connection member 84 does not affect the efficiency of the welding
gun 10. The protuberance or step 64 positively retains the locking nut 32 on the body
tube 18 and positively limits axial movement of the locking nut 32 with respect to the
body tube 18. In addition, by forming the siep 64 by swaging the material of the body
tube 18, the body tube 18 has increased strength as compared to a body tube 18
comprised of unswayed material. Each of these embodiments can be combined in
any suitable fashion, and the embodiments may also be utilized with existing welding
equipment. '

While embodiments of the present invention are shown and described,
it is envisioned that those skilled in the art may devise various modifications of the

present invention without departing from the spirit and scope of the appended claims.
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tip of the welding gun. Thus, significant deterioration of the liner may
only occur inmmediately adjacent the contact tip. This nmeans that, in sone
i nst ances, deterioration of a few inches of the |inermy require -

replacenent of the entire |iner, which gay be al npst ude
| onger than the deteriorated portlon of the liner. 3mmm Immm H‘FI ner
nmust be replaced due to deterioration of such a smal pormlon t hereof*

| i ner replac%ﬁegL ﬂw the present art can be wast ef ul and al so costly. These

t hi ngs can increase the costs of maintaining and/or using a meldlng gun
because of increased | abor and parts costs.

1. An apparatus for welding a workpiece comprising:

a) a body tube having a tapered portion defining a first
angle;

b) an end fitting releasably connectable with the body tube
and having a tapered portion defining a second angle;

c) the tapered portion of the body tube being releasably
connectable with the tapered portion of the end fitting;

d) the first angle differing from the second angle by a
distance sufficient for facilitating scparation of the tapered portion of the body tube
from the tapered portion of the end fitting;

e) a liner having a first portion disposed within the end
fitting and a second portion disposed within the body tube;

) a conncction member for operatively releasably
connecting the first portion of the liner with the second portion of the liner;

g) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting'; and

h) a positive stop member formed on the body-tube or the

end fitting for positively retaining the member on the body tube or the end fitting.

2. An apparatus as defined in claim 1 whercin the distance by

which the first angle differs from the second angle is about one half of one degrec.

3. An apparatus as defined in claim 2 wherein the first angle

. measures about 2.5 degrees.

4. An apparatus as defined in claim 1 wherein the positive stop

member is formed by swaging the body tube or the end fitting.
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Because of these characteristics, anong others, of sone prior art ~wel'ding

apparatuses, such as arc welding guns and the like, it
provi de an-inproved wel di ng appar.atus which is not SUmeI“muI murhlll'lot
all of the above-

-17-
5. An apparatus for welding a workpiece, the apparatus comprising:
) a body tube having a tapered portion defining a first
angle; '
b) an end fitting having a tapered portion defining a second
angle; -

c) the tapered portion of the body tube being releasably
connectable wlith the tapered portion of the end fitting; and
d) the first angle differing from the second angle by a
distance sufficient for facilitating separation of the tapcred portion of the body tube
from the tapered portion of the end fitting.
.
6. An apparatus as defined in claim 5 wherein the distance is about

one half of one degree

7. An apparatus as defined in claim 6 wherein the tapered portion
of the body tube is insertable into the tapered portion of the end fitting; and wherein

the first angle is larger than the second angle.

8. An apparatus as defined in claim 7 whercin the first angle

measures about 2.5 degrees.

9. An apparatus as defined in claim 5 further comprising
e) a liner having a first portion and a second portion;
wherein the {irst portion is disposed within the end fitting; wherein the second portion
is disposed within the body tube; and further comprising
f) a connection member for operatively releasably

connecting the first portion with the second portion.

10.  An apparatus as defined in claim 5 further comprising
e) a member disposed on the body tube or the end fitting for

releasably connecting the body tube to the end fitting; further comprising
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-4- discussed characteristics of the prior art welding guns. The present

I nvent i_;on i S I nt er\mmc\tm\ﬂ“lnm!m!‘rch an i nprovenent.
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)] a positive stop member formed on the hody tube or the
end fitting for positively retaining the member on the body tube or the end fitling;

and wherein the positive stop member is formed by swaging material of the body tube

or the end fitting.

11.  An apparatus as defined in claim 5 further comprising
e) a member disposed on the body tub.e or the end fitting for
releasably connecting the body tube to the end fitting; wherein the member comprises
an inner element and an outer element; wherein the inner element comprises a lock
nut; and wherein the outer clement comprises a hand nut for facilitating manual

connection of the body tube to the end fitting.

12.  An apparatus as defined in claim 11 wherein the inner clement
includes an annulus; and wherein a portion of the outer element is disposed within

the annulus for coupling the inner element to the outer element.

13. An apparatus as defined in claim 11 wherein the outer element

has a configuration for facilitating torque transfer from a human hand to the inner

element.

14.  An apparatus as defined in claim 11 wherein the member and
the end fitting are separated by a gap; wherein the inner element is electrically
conductive; and further comprising

f) an insulating member disposed within the gap for limiting
electrical arcs from the end fitting.

15:  An apparatus for welding a workpiece comprising-:" )

a) a body tube releasably connectable with an end fitting;
. b) a liner having a first portion disposed within the body tube
and a second portion disposed within the end fitting;
c) a connection member for operatively releasably

connecting the first portion to the second portion; and

This Sheet Has Been Replaced

i



The present

fube tfer efromw thout the use of ool s, thereby poss NN INERISTLTTE

I nvention provides an inproved wel di ng apparatus, such-as an

[a body
fle tinme

and | abor needed to replace a body tube.  In addition, *wi €h the" wel di*ng gun
of the invention, it is not necessary t8 replace the entire axial |ength of

a liner to renmove a relatj, eI yLl sal, “c%‘tce;(
Ilner The wel di ng ﬂun of I nvent

permitting fluid flow therethrough
16.  An apparatus as defined in claim 15 whercin the connection
member is insertable into the body tube or the end fitting; further comprising
c) at lcast one lobe disposed on the connection member; and
wherein the at least one lobe is engagable with the body tube or the end fitting for

positively locating the connection member in said body tube or said end fitting.

17. An apparatus as defined in claim 16 wherein the connection
member has a circumference; further comprising
f) at least a second flute and a second lobe; and wherein the
flutes and the lobes are alternatively spaced along the circumference of the

connection member.

18.  An apparatus as defined in claim 15 wherein the connection
member is insertable the body tube or the end {itting; further comprising
e) a flange on the connection member for positively locating

the connection member in said body tube or said end fitting.

19.  An apparatus as defined in claim 15 further comprising
e) a crimp on the connection member for fixedly attaching

the first portion or the second portion to the -connection member.

20.  An apparatus as defined in claim 15 further comprising

e) a bore extending through the connection member;

. wherein the first portion and the second portion of the liner are insertable into the

bore; and wherein the bore is dimensioned such that the first portion or the second
portion of the liner can float within the bore to accommodate movement of said first

portion or said second portion.
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be less costly to repair and naintain than some prior "art "weldi-ng guns, and
It is possible that utilization of-the novel welding
revenue savings to a user. ' A gener al ummmm/llm

of the present invention is to provide_a novel constrtictiort for a m!mdlng

appar at us,

and especially for an arc ?dlng appar at us.

I ment

A

more specific object qu aRn q ld(gillllsr[l%r(]i‘iafllg)(:(ldlti hﬁmk W@Hrl:lgrl]hé l%)(l&l(?ll'p'r ovide a

novel construction for’

gun.

especl a
includes a tapered poruon de[uung a first angle; wherem the end fitting has a tape u,d

portion defining a second angle; wherein the tapered portion of the body tube is
releasably connectable with the tapered portion of the end fitting; and wherein the
first angle differs from the second angle by a distance sufficient for facilitating
separation of the tapered portion of the body tube from the tapered portion of the

end fitting.

22.  An apparatus as defined in claim 21 whercin the distance is

approximately one half of one degree.

23.  An apparatus as defined in claim 15 further comprising
e) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; further comprising
f) a positive stop member formed on the body tube or the
end fitting for positively refaining the member on said body tube or said end fitting;
and wherein the positive stop member is formed by swaging material of the body tube

or the end fitting.

24. An apparatus.for welding a workpicce comprising:
a) a body tube and an end fitting releasably connectable to
the body tube;
b) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; and |
©) a positive stop member formed on said body tube or said
end fitting by swaging material of the body tube or the end fitting for positively

. retaining the member on said body tube or said end fitting.

25.  An apparatus as defined in claim 24 wherein a portion of the
member is offset from the end fitting by a gap; and further comprising
d) an insulating member disposed within the gap for

substantially preventing an electrical arc across the gap.
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Anot her obj ect of an enbodi nent of the present invention is to provide a
novel wel di ng gun-havi'ng a body tube which is replaceabl e qui cker and

easi er- t han sone m “J,bes : An addi tional object
of an enbodi nent H“\“mmn is to provide a novel welding gun having
a body tube which eantbe r éhoved wi t hout_ihe aid of other tools.

A further object of an enbodi nent of t he present invention is to provide a

novel wel ding gun havpg aAGaRphfate! dsAabd GIcIERk 26 flrtie co@plsageTent
d) a liner having a first portion and a.second portion;
wherein the first portion is disposed within the end ﬁtting; wherein the second portion
is disposed within the body tube; and further comprising '
e) a connection member for operatively releasably

connecting the first portion with the second portion.

27.  An apparatus as defined in claim 24 wherein the body tube
includes a tapered portion defining a first angle; wherein the end fitting has a tapered
portion defining a second angle; wherein the tapered portion of the body tube is-
releasably connectable with the tapered portion of the end fitting; and wherein the
first angle differs from the second angle by a distance sufficient for facilitating
separation of the tapered portion of the body tube from the tapered portion of the
end fitting.

28.  An apparatus as defined in claim 27 wherein the distance is

approximately one half of one degree.

29.  An apparatus for welding a workpiece comprising:

a) a body tube releasably connectable with an end fitting;

b) a liner having a first portion disposed within the body tube
and a second portion disposed within the end fitting;

c) a connection member fof operatively releasably
connecting the first portion to the second portion; wherein the connection member is
inserted into the body tube; and

d) at least one flute disposed on the connection member for
permitting fluid flow therethrough.
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easi er than some prior art welding guns. A novel wel di ng
appar atus,_  constructed according to the teachings of the present
conprises a body tube having a tapered portion defining a first angle,
an end fitting rel easably connectable with the body tube and having a

tapered portion

The first angle

i nventi on,

and

defining a second angl%.. The tapered portion of the body
tube is releasably connectable with the tapered portion of the end fitting.

ABSTRACT Ol ‘THE DISCLOSURIE:S

An apparatus for welding a workpiece comprises a body tube having a
tapered portion defining a first angle, and an end fitting releasably connectable
with the body tube and having a tapered portion -defining a second angle. The
tapered portion of the body tube is releasably connectable with the tapered
portion of the end fitting. The first angle diffcrs from the second angle by a
distance sufficient {or facilitating manual separation of the tapered portion of
the body tube from the tapered portion of the cnd fitting. A liner has a first
portion disposed within the end fitting and a sccond portion disposed within
the body tube. A conncction member operatively releasably conneets the first
portion of the liner with the second portion of the liner. A member is
disposed on the body tube or the end fitting {or releasably connecting the body
tube to the end fitting. A positive stop member is formed the body tube or the
end fitting for positively retaining the member on the body tube or the end

fitting.
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-5- differ's'fromthe second angle by a distance sufficient for
facilitatng manual
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separation of the tapered portion of the body tube fromthe tapered portion
of the -"end fitting. Aliner has a first portion disposed within the end
fitting and a second portion disposed within the body tube. A connection
menber operatively releasably connects the first portion of the liner with
the second portion of the liner. A nenber 1is disposed on one of the body

tube or the end fittin r. rel easably co cting the body tube to the end
fitting. A positive stggrﬁﬁnber S fornedggﬁ t he one of the body tube or

the end fitting for POSI to v, retaining the nenbes on 't he bg@y t ube or
the end fitting. I N o © |
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may best be under st ood

gz

1is a partially sectioned side

Fi g.

wherein |ike reference nunerals identify |ike
wel di ng

by reference to the follow ng description taken in connection with the
vi ew of a novel

The organi zati on and manner of the structure and operation of the
acconpanyi ng draw ngs,

i nvention,‘together with further advantages thereof,

el ements i n which:

el evati onal
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gun ¢ nst _l__Jc“t eé‘%c‘é“rdl n to fhe teachings of the present..inventPSH7l . . .
.Fig.|2 Ja ‘a’f’ ﬁﬂ“aﬁ”‘vi’% H]j “art wel ding gun hell diwithin & se
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1. In a welding apparatus adapted to supply welding wire, electrical
power and shielding gas to a workpiece, the improvement comprising:

a) a body tube having a tapered portion defining a first angle;

b) an end fitting having a tapered portion defining a second angle;

c) the tapered portion of the body tube being releasably connectable with
the tapered portion of the end fitting; and

d)  the first angle differing from the second angle by an amount sufficient
for facilitating separation of the tapered portion of the body tube from the tapered
portion of the end fitting.

2. An apparatus as defined in claim 1 wherein the-distance is about one
half of one degree.

3. An apparatus as defined in claim 2 wherein the tapered portion of the

body tube is insertable into the tapered portion of the end fitting; and wherein the first
angle is larger than the second angle. i

4. An apparatus as defined in claim 3 wherein the first angle measures
about 2.5 degrees.

5. An apparatus as defined in claim 1 further comprising

e) a liner having a first portion and a second portion; wherein the first
portion is disposed within the end fitting; wherein the second portion is disposed within
the body tube; and further comprising

1)) ' a connection member for operatively releasably connecting the first
portion with the second portion.

6. An apparatus as defined in claim 1 further comprising

e) a member disposed on the body tube or the end fitting for releasably
connecting the body tube to the end fitting; further comprising

) a positive stop member formed on the body tube or the end fitting for

positively retaining the member on the body tube or the end fitting; and wherein the
positive stop member is formed by swaging material of the body tube or the end fitting.

7. Anapparatus as defined in claim 1 further comprising
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"Fig. 5 is a sectional view,_ t'__a_k__e_r_\_ along line 5-5 of Fig. 4 illustrating the
.construction of E’gaﬁ;nection menber for the welding gun of Fig. 1; and
[

Fig. 6 is an enl "'ﬂtﬂ‘"ﬁm”ml ew of the body tube of Fig. 4 being
connected to a ¢ NER N8N end fitting renmoved for clarity.
' 17 -

e) a member disposed on the body tube or the end fitting for releasably
connecting the body tube to the end fitting; wherein the member comprises an inner
element and an outer element; wherein the inner element comprises a lock nut; and
wherein the outer element comprises 2 hand nut for facilitating manual connection of
the body tube to the end fitting. | : -

8. An apparatus as defined in claim 7 wherein the inner element includes
an annulus; and wherein a portion of the outer element is disposed within the annulus
for coupling the inner element to the outer element.

9. An apparatus as defined in claim 7 wherein the outer element has a
configuration for facilitating torque transfer from a human hand to the inner element.

10. An apparatus as defined in claim 7 wherein the member and the end
fitting are separated by a gap; wherein the inner element is electrically conductive; and
further comprising

f) an insulating member disposed within the gap for limiting electrical arcs
from the end fitting. ¢

11. In a welding apparatus adapted to supply welding wire, electrical
power and shielding gas to a workpiece, the improvement comprising:

a) a body tube releasably connectable with an end fitting;

b) a liner having a first portion disposed within the body tube and a
second portion disposed within the end fitting; and

c) a connection member for operatively releasably connecting the first
portion to the second portion.

12. An apparatus as defined in claim 11 wherein the connection member is
inserted into the body tube.

13. An apparatus as defined in claim 12 further comprising a flute and a
lobe disposed on the connection member, wherein the flute is adapted to permit fluid
flow therethrough and the lobe is engagable with the body tube or the end fitting for
positively locating the connection member in said body tube or said end fitting.

14. An apparatus as defined in claim 13 wherein the connection member
has a circumference; further comprising L
e This is the replacement sheet
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- 6 - VWhil e the invention may be susceptl ble to enbodi nment
in different forms, there are shown in the drawings,~and héeiéin wll be

described in detail, specific ‘\!l“ll“\l“l“l”\l‘sl“ \!I‘

at least a second flute and a second lobe; and wherein the flutes and the lobes
are alternatively spaced along the circumference of the connection member.

15. An apparatus as defined in claim 11 wherein the connection member is
insertable the body tube or the end fitting; further coniprising ' -
a flange on the connection member for positively locating the connection

member in said body tube or said end fitting.

16. An apparatus as defined in claim 11 further comprising
a crimp on the connection member for fixedly attaching the first portion or the
second portion to the connection member.

17. An apparatus as defined in claim 11 further comprising

a bore extending through the connection member; wherein the first portion and
the second portion of the liner are insertable into the bore; and wherein the bore is
dimensioned such that the first portion or the second portion of the liner can float
within the bore to accommodate movement of said first portion or said second portion.

18. An apparatus as defined in claim 11 wherein the body tube includes a
tapered portion defining a first angle; wherein the end fitting has a tapered portion
defining a second angle; wherein the tapered portion of the body tube is releasably
connectable with the tapered portion of the end fitting; and wherein the first angle
differs from the second angle by a distance sufficient for facilitating separation of the
tapered portion of the body tube from the tapered portion of the end fitting.

19. An apparatus as defined in claim 18 wherein the distance is
approximately one half of one degree.

20. In a welding apparatus including a body tube having a bore therein
and a composite cable having a hollow interior, said bore and hollow interior being in
substantial alignment and adapted to deliver fluid therethrough, the improvement
comprising:

said body tube being releasably connectable with an end fitting;

a liner having a first portion disposed within the body tube and a second
portion disposed within the composite cable;

a connection member for operatively releasably connecting the first portion to
the second portion; and

Thiz iz the replacement sheet
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- enbodi nents with the understanding that the present disclosure is to be
consi dered an exenplification of the principles of the invention, and is

not intended to Illmm" [mﬁ llon to that as illustrated and descri bed
her ei n. nitially to Fig. 1, a novel arc welding

gun 10, construct ed accor |ng to the t eaghi ngs of the present invention, is
illustrated. It is to be noted that, while the enbodi nents of the invention
wi |l be discusse r j, arc wel ding,
for the sake of Q an@yﬂbsﬁbﬂ ﬂﬁi 8 %t&h%lgn%?ﬁ%rhfgp vew}%{ﬁlmrray be used with
any sui tabﬂ’érqﬂ}'rﬁﬁgbﬂn agangraldy axiphdirgsiieBess wit hout

21. An apparatus as defined in claim 20 wherein the flute is formed ona
circumference of the connection member to direct the flow of fluid along the exterior of
the first portion of the liner.

22. An apparatus as defined in claim 21 wherein the end fitting has a bore
in substantial alignment with the bore in the body tube and the hollow interior of the
composite cable, and wherein the second portion of the liner is disposed within the end
fitting bore, the connection member being insertable within one of the body tube and
end fitting such that fluid can flow axially along the exterior of the second portion of
the liner, through the flute, and along the exterior of the first portion of the liner.

23. An apparatus as defined in claim 22 further comprising a plurality of
flutes and lobes, said flutes and lobes being alternatlvely spaced along the '
circumference of the connection member.

24. An apparatus as defined in claim 21 further comprising a lobe
disposed on the connection member, said lobe being engagable with one of the body
tube and the end fitting for posmvely locating the connection member in said body tube
or said end fitting.
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departing fromthe scope of the invention. In addition, while the it TpeS
enbodi nents of the invention will be discussed separately, agai #for 't he

"sake of clarity, it is to be fully understood that the enbodi nents can be

conbined in any suitable manner w thout departing fromthe scope of the

I nvention. Also, sonme elenents of the novel welding gun 10 are well known
to those having ordinary skil.l..i.n.the_ art,. and,. thus,. those elenents of the
wel ding gun 10 will be di _;'scys;'se'-d/-r"‘cf)-_hi"-'-g"fifl\/‘\'/i't-'-'_ﬁ'i?;?y'f:’f i ci‘ent detail necessary to
provi de the reader with an “appreci-ati on;of .t.he "emboli.nents of the

i nvention. Furthernore, the enbodinents;aof..the:present il nventi on can be
utilized with certain TR eniinginy A B =

15
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ELECTRIC ARK WELDING GUN
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REPLACED
The present invention relates generally to a novel construction for an

improved welding apparatus, and more specifically to a novel construction for an
improved electric arc welding gun/torch.

Welding processes are widely used in modern day manufacturing. One
such welding process is com'imnly referred to as arc welding, which utilizes an’
electrical current, and an electrode. The American Welding Society ("AWS") defines
arc welding with seven subclasses, viz. shielded metal arc welding, submerged arc
welding, gas metal arc welding, flux cored arc welding, gas tungsten arc welding,
plasma arc welding, and electroslag welding. Electrical current heats the tip of an
electrode such that the electrode and the adjacent portions of the workpiece become
hot enough to fuse. In order to prevent molten metal from reacting with components
of the surrounding ambient atmosphere, a fluid flow of a shielding gas, such as
helium, argon and the like, or a solid slag surrounds the molten metal and the
adjacent portions of the workpiece.

In some instances, these things needed for arc welding aré€ provided in
the form of a welding apparatus or gun which facilitates manipulation of the
electrode and the shield by a workman during welding. One example of an arc
welding gun of ‘the prior art generally comprises a handle member connected to an
end of a composite cable which delivers arc power and shielding gas from suitable

sources. A cone nut is located at the end of the composite cable, and the cone nut
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exi sting wel ding apparatuses and guns, such as the EZ FEED and EZ FEED ||
“wel di ng guns avai I'Iﬂiblsfeetf}fa g@eﬁﬁr ar&j Wl di ng Equi_pnent. Conpany..of _Beecher,
~1lI'linois. ng gun 10 gener ghly seoFprHases:ia handl e
portion 12, half of in Fig. 1, a corrp o @ble 14, an end
fitting 16, and a he handl e port A Sl?EUl.‘?\CEC Frache oj an
electrically insul ati ng rraterl aI such as a pl ast | c, and nmay have a

conf i guﬂﬂéﬁs‘ééd %ﬂaﬁfc%hsftﬂag of 8 hbf?‘taktnﬁelfﬂm{y Qmsatn%lppéseﬁhﬁw\eﬁhsﬁr@ gun 10
by a workman. The conposite ca 4 may be o known

intended to provide such an lmprovement

The present invention provides an improved welding apparatus, such as
an arc welding gun and the like. The welding gun facilitates removal of a body tube
therefrom without the use of tools, thereby possibly reducing the time and labor
needed to replace a body tube. In addition, with the welding gun of the invention, it
is not necessary to replace the entire axial length of a liner to remove a relatively
small deteriorated distal portion of the liner. The welding gun of the invention may
be less costly to repair and maintain than some prior art welding guns, and it is
possible that utilization of the novel welding gun may result in revenue savings to a
user.

A general object of an embodiment of the present invention is to
provide a novel construction for a welding apparatus, and espec1ally for an arc
weldmg apparatus.

A more specific object of an embodiment of the invention is to provide
a novel construction for a welding gun, and especially for an arc welding gun.

Another object of an embodiment of the present invention is to provide
a novel welding gun having a body tube which is replaceable quicker and easier than
some prior art body tubes.

An additional object of an embodiment of the invention is to provide a
novel welding gun having a body tube which can be removed without the aid of other
tools.

A further object of an embodiment of the present invention is to
provide a novel welding gun having a construction which makes liner replacement

- easier than some prior art welding guns. o

A novel welding apparatus, constructed according to the teachings of
the present invention, comprises a body tube having a tapered portion defining a first
angle, and an end fitting releasably connectable with the body tube and having a |
tapered portion defining a second angle. The tapered portion of the body tube is

releasably connectable with the tapered portion of the end fitting. The first angle
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construction and is connected at one end to a suitable source of electrical
power and shielding gas, such as helium argon, carbon dioxide, and the

1i ke, not shown. An opposite end 20 of the conposj 1$—~e—ablf-e_l.4._1_s_~
operatively connected to a proxi mal end of the en ”FPt&Jrﬁrﬁ H&S RrEgyi t abl e
means. The conposite cable 14 may have_any axial | engt REBUAGHDC ent (to
position the welding gun 10 for wel ding.” A cabl e |1 ner 22 extenrds—I

differs from the second angle by a distance sufficient for facilitating manual
separation of the tapered portion of the body tube from the tapered portion of the
end fitting. A liner has a first portion disposed within the end fitting and a second
portion disposed within the body tube. A connection member operatively releasably
connects the first portion of the liner with the second portion of the liner. A member
is disposed on one of the body tube or the end fitting for releasably connecting the
body tube to the end fitting. A positive stop member is formed on the one of the
body tube or the end fitting for positively retaining the member on the body tube or
the end fitting,

The organization and manner of the structure and operation of the
invention, together with further advantages thereof, may best be understood by
reference to the following description taken in connection with the accompanying
drawings, wherein like reference numerals identify like elements in which:

Fig. 1 is a partially sectioned side elevatmnal view of a novel welding
gun constructed according to the teachings of the present 1nvent10n

Fig. 2is'a plan view of a prior art welding gun held within a vise to
facilitate removal of a body tube therefrom;

Fig. 3 is an enlarged sectional view of a threaded connection between
an end fitting and a body tube of the novel welding gun of Fig. 1 with a jumper liner
removed for clarity;

Fig.- 4 is a perspective view of a jumper assembly insertable into the
body tube of Fig. 1;

”Fig. S is a sectional view, taken along line 5-5 of Fig. 4 illustrating the
construction of a connection member for the welding gun of Fig. 1; and )

Fig. 6 is an enlarged sectional view of the body tube of Fig. 4 being

connected to a cable liner with an end fitting removed for clarity.
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-7- substantially axially through the hollow interior of the conposite
_cable 14 and the end

| THIS SHEET HAS BEEN |
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While the invention may be susceptible to embodiment in different
forms, there are shown in the drawings, and herein will be described in detail, specific
embodiments with the understanding that the present disclosure is to be considered
an exemplification of the principles of the invention, and is not intended to limit the
invention to that as illustrated and described herein.

Referring initially to Fig. 1, a novel arc welding gun 10, constructed
according to the teachings of the present invention, is illustrated. It is to be noted
that, while the embodiments of the invention will be discussed herein with respect to
their employment with arc welding, for the sake of clarity, the embodiments of the
invention may be used with any suitable type of manufacturing process without
departing from the scope of the invention. In addition, while the embodiments of the
invention will be discussed separately, again for the sake of clarity, it is to be fully
understood that the embodiments can be combined in any suitable manner without
departing from the scope of the invention. Also, some elements of the novel welding
gun 10 are well known to those havmg ordinary skill in the art, and, thus, those
elements of the welding gun 10 will be discussed only with sufficient detail necessary
to provide the reader with an appreciation of the embodiments of the invention.
Furthermore, the embodiments of the present invention can be utilized with certain
existing welding apparatuses and guns, such as the EZ FEED and EZ FEED Il
welding guns available from Bernard Welding Equipment Company of Beecher,
linois. |

The welding gun 10 generally comprises a handle portion 12, half of
which is shown in Fig. 1, a composite cable 14, an end fitting 16, and a body tube 18.
The handle portion 12 can be made of an electrically insulating material, such as a
plastic, and may have a configuration adapted for facilitating manipulation of the

- welding gun 10 by a workman. The composite cable 14 may be of wel—lvk-nown
construction and is connected at one end to a suitable source of electrical power and
shielding gas, such as helium, argon, carbon dioxide, and the like, not shown. An
opposite end 20 of the composite cable 14 is operatively connected to a proximal end
of the end fitting 16 by suitable means. The composite cable 14 may have any axial

length sufficient to position the welding gun 10 for welding. - A cable liner 22 extends
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fitti

ng 16 in well known fashion. However, a proximal portion#eRéth&2tabl e

“liner 22 termnates distally within the end fitting 16. This is an

“ inportant difference fromsone of the welding guns of the prior art, and
the significance of this construction will becone nore clear later. This
cable liner 22 construction allows for replacenent of a deteriorated

portion of the liner 22 without requiring replacenent of the entire |iner
22, as discussed earlier with respect to Fig. 2. The body
t ube
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The present invention relates generally to a novel construction for an
improved welding apparatus, and: more specifically to a novel construction for an
improved electric arc welding gun/torch. .-

Welding processes iare widely used in modern day manufacturing. One
such welding process is commonly referred to as arc welding, which utilizes an
electrical current, and an electrode. The American Welding Society (."AWS") defines
arc welding with seven subclasses, viz. shieided metal arc welding, submerged arc
welding, gas metal arc welding, flux cored arc welding, gas tungsten arc welding,
plasma arc welding, and electroslag welding. Electrical current heats the tip of an
electrode such that the electrode and the adjacent portions of the workpiece become
hot enough to fuse. In order to prevent molten metal from reacting with components
of the surrounding ambient atmosphere, a fluid flow of a shielding gas, such as
heliﬁm,_ argon and the like, or a solid slag surrounds the molten metal and the
adjacent portions of the workpiece.

In some instances, these things needed for arc welding are provided in
the form of a welding apparatus or gun which facilitates manipulation of the
electrode and the shield by a workman during welding. One example of an arc
welding gun of the prior art generally comprises a handle member connected to an
end of a composite cable which delivers arc power and shielding gas from suitable

sources. A cone nut is located at the end of the composite cable, and the cone nut
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i nsul ating el'ement 27, made of an appropriate material, such as a hlg_h
t enperature TEFLON, nylon, or the like, is disposed ﬂi‘ﬁ HH2s BeeniRBpIRJed
S

el ement 24 and the outer element 26, which are releas eto
the end fitting 16. The insulating el ement 27 prevent rrent
fromflowing fromthe inner elenent 242t the outer el enent : body

tube 18 is straight or bent to define an angle for facilitating the welding
pr oc es shasTiheeadsgtomnestabld witircomplemengarg thieads 08 amcendfittimh dhgrangs. The

Cube 160Ee RS TG 19t hepa ntyire axs crgmvaniy Vil sollaBeRity thesaf op”t Y

30 for 3 )ock nut for operatively connecting a body tube to the end fitting. Because the end
fitting and the body tube are electrically conductive, an insulating member may be
positioned over exposed portions of the end fitting and the lock nut. A liner, in
which a consumable electrode can be inserted, extends through the composite cable
and the body tube, and terminates adjacent a distal end of the body tube. A contact
tip for weldingly contacting the electrode is disposed at the distal end of the body
tube. ‘ _

" Currents used in arc welding can be on the order of hundreds of Amps.

These currents generate sufficient heat, especially at and adjacent the contact tip,
which, in combination with other effects of arc welding, can cause deterioration of
portions of the welding gun. The body tube and the liner are often susceptible to this
deterioration. In addition, body tubes may have certain, predetermined configurations
which make them particularly adept at forming a certain weld, may have particular
utility with a given workpiece, etc. The liner may be abraded within the body tube as
the electrode is continuously used. Therefore, it may become desirable to replace the
body tube and/or the liner in order to insure efficient welding of the workpiece.
However, the method of replacing a body tube and/or a liner may. be quite difficult
or tedious and may be relatively expensive in time and in labor.

A prical method of replacing a body tube A may be more easily
understood with reference to Flg 2. To replace a body tube A, the handle member
must be removed. The insulating member is slid off of the lock nut B and the end
fitting C to reveal the driving flats of both elements. The cone nut D at the end of
the composite cable E is inserted into a vise F, and the vise F is activated to firmly
hold the cone nut D against rotation. Now, a first wrench is applied to the lock nut B
to rotate the lock nut B with respect to the end fitting C to disengage the threaded
connection therebetween. A second wrench is applied to the end fitting C to fix the
end fitting C against rotation with respect to the cone nut D or the lock nut B. Force
is applied to the first wrench to rotate the lock nut B while another force is applied
to the second wrench to hold the end fitting C fixed. This force application continues

or is increased until the threaded connection between the lock nut B and the end
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wel di ngly contacting an el ectrode, not shown. A majority of deterioration —
of the liner 22 occurs proximate to the contact tip 30. Amﬁa@gHQrBeL fa&

nut 32 is disposed around the body tube 18 adjacent the end
connectable to the end fitting 16 for firmly attaching the HU m!m l,
to the body tube 18. The body tube 18 alsso includes a throu
extending along the axial length of t he “body tube 18. The thr ough bore 34
S dinen one r acc ju lin ative
ext ensi o &fé? (h%q% g‘? %@CE?’@ E%ﬁ?éie% g? ‘}% %ﬁa
wi Il be Wlt?lcﬂh%slﬁgk i @Eﬁd B&he¥ed completely from the end fitting E.
' | Because the threaded connection between the lock nut B and the end
fitting C is torqed, often to abaut 20.34%n (15foot-pornds), the forces required to bresk the
threaded connection may be rather significant. In addition, appropriate portions of
the body tube A and/or the end fitting C may be tapered at a slight incline. This
taper may make the time required to disassemble the body tube A and the end fitting
C rather long, which increases the down time of the welding gun, and which possibly
correspondingly decreases the amount of revenues that can be generated by use of .

the gun. Alternatively, two workmen, one working each of the wrenches, may
cdoperate to loosen the connection, but this method is relatively labor intensive,
" thereby also possibly decreasing associated revenues.

The liner extends through the axial length of the composite cable E and
into the body tibe A. The lirer may be 3 to 4.5m (ten to £ifteen feet) log or Jonger depending
upon the length of the composite cable E desired for a specific welding application. ;
While the old liner may be relatively easily removed by pulling it through the open,
distal end of the composite cable connection, the new liner will have to be carefully
inserted through the entire length of the composite cable E. This installation process
may be tedious, requires removal of the welding gun from production, possibly further
reducing reventies. In addition, it is to be noted that the operative welding
tamperatires, about 204°C (400 degrees Fahrentheit), tend to be concentrated at the antact
tip of the welding gun. Thus, significant deterioration of the liner may only occur
immediately adjacent the contact tip. This means that, in some instances,
deterioration of a few inches of the liner may require replacement of the entire liner,
which_may be almost an order of magnitude longer than the deteriorated portion of
the liner. Because the entire liner must be replaced due to deterioration of such.a
small portion thereof, liner replacement of the present art can be wasteful and also
costly. These things can increase the costs of maintaining and/or using a welding gun
because of increased labor and parts costs.

Because of these characteristics, among others, of some prior art
welding apparatuses, such as arc welding guns and the like, it is desirable to provide

an improved welding apparatus which is not subject to some, if not all of the above-
Thiz 13 ing rapizconishi sheef
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As shown in Figs., 1 and 3, the end fitting 16 héé _'a_'t'_'ﬁ_r"dugﬁ“"b-o-r-e------gg for
accepting the cable liner 22 and a portion of thé’hibwytHaybgenﬁgp and the .

| ocki ng nut 32. Specifically, the through bore 384 I3 Bt anti al | y
cylindrical portion 40, a substantially tapered p WHB an
internally threaded portion 44 includi r@ {enal e thread cylindrical
portion 40 has an inner dianmeter |arger than the outer dianeter of the

cabl e |i gistusied Thatdttéristies of @ Prior ey weldimgegurse Ths prdseflt ifvention i§ he
cylindrical portion 40. The tapered portion 42 which fornms part of a novel
intended to provide such an improvement.

The present invention provides an improved welding apparatus, such as
an arc welding gun and the like. The welding gun facilitates removal of a body tube
therefrom without the use of tools, thereby possibly reducing the time and labor
needed to replace a body tube. In addition, with the welding gun of the invention, it

-+ is not necessary to replace the entire axial length of a liner to remove a relatively
* small deteriorated distal portfon of the liner. The welding gun of the invention may
be less costly to repair and maintain than some prior art welding guns, and it is
. possible that utilization of the novel welding gun may result in revenue savings to a
user. | |

A general object of an embodiment of the present invention is to
provide a novel construction for a welding apparatus, and especially for an arc
welding apparatus.

A more specific object of an embodiment of the invention is to provide
a novel construction for a welding gun, and especially for an arc welding gun.

Another object of an embodiment of the present invention is to provide
a novel welding. gun having a body tube which is replaceable quicker and easier than
some prior art body tubes.

An additional object of an embodiment of the invention is to provide a
novel welding gun having a body tube which can be removed without the aid of other
tools.

| A further object of an embodiment of the present invention is to
provid'e a novel welding gun having a construction which makes liner replacement
easier than some prior art welding guns.

A novel welding apparatus, constructed according to the teachings of
the present invention, comprises a body tube having a tapered portion defining a first
angle, and an end fitting releasably connectable with the body tube and having a
tapered portion defining a second angle. The tapered portion of the body tube is

releasably connectable with the tapered portion of the end fitting. The first angle
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differs from the second angle by a distance sufficient for facilitating manual
separation of the tapered portion of the body tube from the tapered portion of the
end fitting. A liner has a first portion disposed within the end fitting and a second

portion disposed within the body tube. A connection member operatively releasably

connects the first portion of the liner with the second portion of the liner. A member
is disposed on one of the body tube or the end fitting for releasably connecting the
body tube to the end fitting. A positive stop member is formed on the one of the
body tube or the end fitting for positively retanung the member on the body tube or
the end fitting.

The organization and manner of the structure and operation of the
invention, together with further advantages thereof, may best be understood by
reference to the following description taken in connection with the accompanying
drawings, wherein like reference numerals identify like elements in which:

Fig. 1 is a partially sectioned side elevational view of a novel welding
gun constructed according to the teachings of the present invention;

 Fig. 2 is a plan view of a prior art welding gun held within a vise to
facilitate removal of a body tube therefrom;

Fig. 3 is an enlarged sectional view of a threaded connection between
an end fitting and a body tube of the novel welding gun of Fig. 1 with a jumper liner
removed for clarity;

Fig. 4 is a perspective view of a jumper assembly insertable into the
body tube of Fig. 1;

| Fig. § is a sectional view, taken along line 5-5 of Fig. 4 illustrating the
construction of a connection member for the welding gun of Fig. 1; and

Fig. 6 is an enlarged sectional view of the body tube of Fig. 4 being

connected to a cable liner with an end fitting removed for clarity.
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structure of -the 'weldi-ng gun-10;- is | ocated between the cylindrical portion
40. and t he threaded portion 44, and the inner surface thereof defines an
angle a with atBeeaRbpdmgi tudi nal axis, represented by dotted |ine 48
in Fig.-3. In t enbodi nent, the angle a nmeasures about 2
degrees The t e t hreadegl-portion 44 are matable with

conpl enentary male t reads on a threaded portion 52 of the |ocking nut
32 to releasably join the end fitting 16 to the body tube 18. The threads

46 and 50 define a thread profile comon to ihe siml.ar stru&%fures on ot her
Whlle the invention may be susceptible to embodiment in dilferent

forms, there are shown in the drawmgs, and herein will be described in detail, specific

embodiments with the understanding that the present disclosure is to be considered
an exemplification of the principles of the invention, and is not intended to limit the
invention to that as illustrated and described herein.

Referring initially to Fig. 1, a novel arc welding gim 10, constructed
according to the teachings of the present ihventid:y is illustr_ated. It is to be noted
that, while tﬁe embodiments of the invention will be discussed herein with respect to
their empioyment with arc welding, for the sake of clarity, the embodiments of the
invention may be used with any suitable type of nianufacturing process without
departing from the scope of the invention. In addition, while the embodiments of the
invention will be discussed separately, again for the sake of clarity, it is to be fully
understood that the embodiments can be combined in any suitable manner without

- departing from the scope of the invention. Also, some elements of the novel welding
gun 10 are well known to those having ordinary skill in the art, and, thus, those
elements of the welding gun 10 will be discussed only with sufficient detail necessary
to provide the reader with an appreciation of the embodiments of the invention.
Furthermore, the embodiments of the present invention can be utilized with certain
existing welding_ apparatuses and guns, such as the EZ FEED and EZ FEED Il
welding guns available from Bernard Welding Equipment Company of Beecher,
Illinois. .

The welding gun 10 genefally comprises a handle portion 12, half of
which is shown in Fig. 1, a composite cable 14, an end fitting 16,-and a body tube 18.
The handle portion 12 can be made of an electrically insulating material, such as a
plastic, and may have a configuration adapted for facilitating manipulation of the
welding gun 10 by a workman. The composite cable 14 may be of well known
construction and is connected at one end to a suitable source of electrical power and
shielding gas, such as helium, argon, carbon dioxide, and the like, not shown. An
opposite end 20 of the composite cable 14 is operatively connected to a proximal end
of the end fitting 16 by suitable means. The composite cable 14 may have any axial
length sufficient to position the welding gun 10 for welding. A cable liner 22 extends

Ui ool nemiant enest
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wel di ng apparatuses avail able from Bernard Wl di ng Equi pment~Coitpany of
Beecher, Illinois. This facilitates int erchangabi l ity of Tsﬂeet}ﬁgg%q'll@iﬁm‘s of

- the present invention with existing welding equipment.
body tube 18 al so includes novel structures unique to thﬂmﬁuﬂ‘ Hlm 10. A
proxi mal end 54 of the body tube 18, and specifically th t 24,

“includes a tapered portion 56 whose out ér surface defi nes an angle [err]

with respect to the |ongitudinal axis 48, shown in Fig whi ch neasures -
about 2.sEbstagtialy axially iteronghhe hollow imperiort ofcthe qoglmsltarcgbleal‘* andtbe endi al |

reasur | ”é{n%g%t in wéll ‘illcrxgvrwexF‘isasmo(at \ﬁowever a proximal portion of the cable liner 22
terminates distally within the end fitting 16. This is an important difference from
some of the welding guns of the prior art, and the significance of this construction will
become more clear later. This cable liner 22 construction allows for replacement of a
deteriorated portion of the liner 22 without requiring replacement of the entire liner
22, as discussed earlier with respect to Fig. 2.

The body tube 18 comprises an inner element 24, made of a conductlve
metal such as copper, and an outer element 26, made ofa metal such as brass. An

- insulating element 27, made of an appropriate material, such as a high iemperature

TEFLON, nylon, or the like, is disposed between the inner element 24 and the outer
element 26, which are releasably connectable to the end fitting 16. The insulating
element 27 prevents electrical current from flowing from the inner element 24 to the
outer element 26. The Body tube 18 is straight or bent to define an angle for
facilitating the welding process. The angle usually measures 22.5, 30, 45, 60 or 180
degrees. The body tube 18 has a distal welding end 28, opposite to the end of the
body tube 18 connected to the end fitting 16, which terminates at a contact tip 30 for
weldingly éontacting an electrode, not shown. A majority of deterioration of the liner
22 occurs proximate to the contact tip 30. A member or locking nut 32 is disposed
around the bod).r:"tube 18 adjacent the end thereof connectable to the end fitting 16
for firmly attaching the end fitting 16 to the body tube 18. The body tube 18 also
includes a through bore 34 extending along the axial length of the body tube 18. The
through bore 34 is dimensioned for accepting a jumper liner 36, which forms an
operative extension of the cable liner 22. The significance of the jumper liner 36 will
be discussed further below. - '

As shown in Figs. 1 and 3, the end fitting 16 has a through bore 38 for
accepting the cable liner 22 and a portion of the body tube 18 and the locking nut 32.
Specifically, the through bore 38 comprises a substantially cylindrical portion 40, a
substantially tapered portion 42, and an internally threaded portion 44 including
female threads 46. The cylindrical portion 40 has an inner diameter larger than the
outer diameter of the cable liner 22 so that the cable liner 22 can be inserted through

the cylindrical portion 40. The tapered portion 42 which forms part of a novel
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—the angle a an-d”t“he angle [err] This precise neasure of this differential
and the angl s Shegy HdsfieetrR laged subj ect to usual manufacturing tol erances.

ThIS dlfferent s renoval of the body tube 18 fromthe end
fitting 16,

g for relatively quick change of the body tube
18 and the Junper 't ner 36 without thegneed of tools, even when the
t hreaded connecti on between the end fitting 16 and the body tube 18 is

tor queﬁrﬁ&uﬁf’%ﬂhg’\éﬁl A ld‘(ii‘id&t&w&tween tHO bpliriiean pagtor0 40 i@ gheesent

i nventi on be discussed in greater detail |ater. The body
tube 1ghreaded pontisn 44 amd the indersurface theseof defines an angle euwith respect to

a longitudinal axis, represented by dotted line 48 in Fig. 3. In the illustrated

embodiment, the angle o measures about 2 degrees. The threads 46 on the threaded
portion 44 are matable with complementary male threads 50 on a threaded portion 52

of the locking nut 32 to releasably join the end fitting 16 to the body tube 18. The
threads 46 and 50 define a thread profile common to the similar structures on other
welding apparatuses available from Bernard Welding Equipment Company of
Beecher, Illinois. Th:s fatilitates mterchangabxhty of the embodunents of the present
- invention with existing welding equipment. L
The body tube 18 also includes novel structures umque to the welding
. gun 10. A proximal end 54 of the body tube 18, and specifically the i inner element 24,

includes a tapered' portion 56 whose outer surface defines an angle 6 with respect to
the longitudinal axis 48, shown in Fig. 3, which measures about 2.5 degrees. It is to

be noted that there is an angular differential, measuring -about 0.5 degrees, between

‘the angle « and the angle 8. This precise measure of this differential and the angles
a and 8 is subject to usual manufacturing tolerances. This differential facilitates
removal of the body tube 18 from the end fitting 16, thereby providing for relatively

‘quick change of the body tube 18 and the jumper liner 36 without the need of tools,
even when the threaded connection between the end fitting 16 and the body tube 18
is tomyed to shout: 3.34 Mn(30 inchrponds)  This advantage of the present invention will be
discussed in greater detail later. '

The body tube 18 has a substantially cylindrical portion 58 located
distally of the tapered portion 56. The locking nut 32 is located around the
cylindrical portion S8. In order to positively locate and retain the locking nut 32
about the cylindrical portion 58, a snap ring 60 is attached to the outer diameter
surface of the cylindrical portion 58 to limit movement of the locking nut 32 in one
direction. As is illustrated more clearly in Figs. 3 and 6, a proximal end of the
locking nut 32 has an annular recess 62 or increased inner diameter portion
dimensioned for accepting and covering a portion of the snap ring 60. The annular
recess 62 insures that the snap ring 60 will remain in place on the cylindrical portion

58 when substantial loads are applied thereto, and also cooperates with the snap ring
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distally of the tapered portion 56. The | ocking nut 32 islocated-around—-..__
the cylindrical portion 58. In order to positively locate and retain the
-l ocking nut 32 about the cylindrical portion 58, a snap rilhi SEﬁ(étHasB&htR asred

to the outer dianeter surface of the cylindrical portion 5
novenent of the |ocking nut 32 in one gbrectlon As is il
“clearly in Figs. 3 and 6, a proximl € of the I ocking nut

annul ar recess 62 or increased inner dianeter ort%P L, Mensi
accept i A tafarmpasitivestap pesans §ar Hmiting meysgent 0f 00?‘% QP scess 62

Lgfg{gz&mﬁ&pﬁoﬁg&psg I D\ P p éﬂd-fiﬁf&i f6.in place on the cyI i ndri cal

' In order to positively retain the locking nut 32 on the cylindrical portion
58, a distally located positive stop means is also required. This distally located
positive stop means is formed by swaging the material comprising the inner element
24 of the body tube 18 to create a protuberance or raised step 64 on the outer
surface of the inner element 24. The step 64 may be annular and projects
substantially radially away from the outer surface of the inner element 24 a distance
sufficient for positively limiting distal movement of the 'lockixig nut 32 on the
cylindrical portion 58. In the illustrated embodiment, the step 64 extends away from
ﬁemsmmcfﬁeqmﬂnmlpmﬂmssmyo.m (0.015inches) . It is tobe
noted, as is evident from Figs. 1, 3 and 6, that the inner diameter surface of the
cylindrical portion 58 of the body tube 18 remains substantially constant, and that the
inner diameter of the cylindrical portion 58 is not increased or decreased by the
formation of the step 64. Furthermore, by forming the step 64 by a swaging

- procedure, the overall strength of the body tube 18 is increased.

The locking nut 32 also includes an annular recess 66 or increased inner
diameter portion located distélly of the annular recess 62. The annular recess 66 is
dimensioned to accept the step 64, and cooperates with the step 64 to limit distal
movement of the locking nut 32 along the body tube 18. Thus, the relative axial
locations of the annular recesses 62 and 66 on the locking nut 32 and of the snap ring
60 and the étep 64 on the cylindrical portion 58 are predetermined to positively limit
the range of axial movement of the locking nut 32 along the outer diameter surface of
the cylindrical portion 58. However, it is to be remembered that those relative axial
locations are chosen to provide sufficient axial movement of the locking nut 32 to
facilitate joinder of the body tube 18 to the end fitting 16, and that the locking nut 32
is free to rotate about the cylindrical portion 58. Also, while the illustrated
embodiment shows one step 64 and one snap ring 60 forming the positive stop means,
it is envisioned that the snap ring 60 can be replaced by another step 64 without
departing from the invention.

As stated above, the body tube 18 can be releasably joined to the end

fitting 16 without the aid of tools. Thus, the threads 50 on the locking nut 32 are



58 when substantial |oads are applied theretb and al so cooperat es with the
snap ring This Sheet Has Been Replaced

engagable with the threads 46 on the end fitting 16 by hand. To facilitate this manual
joining of the end fitting 16 with the body tube 18, the locking nut 32 comprises an

inner element 68 and a hand nut or outer element 70. The inner element 68 is

-10 -

formed from a metal, such as brass and the like, and is constructed substantially
similarly to the locking nuts of the prior art. The outer element 70 is formed of an
electrically insulating plastic material which can withstand the operating temperatures
of the velding gn 10, vhich are shout 199°C (390 degrees Fetrerheit), and can hold at least
8 foot-pounds of torque. The currently preferred material for the outer element 70 is
GLASTIC 1412AD (black) which is avallable from Glastic, Inc.

' The outer element 70 can be overmolded onto the inner element 68, or,
alternatively, may be molded as a separate piece, slid over the inner element 68 and
secured thereto by means of a mechanical or chemical fastening system. In order to
insure firm attachment of the inner element 68 to the outer elemént 70, the inner -
element 68 is provided with means for keying the inner element 68 to the outer
element 70. In the illustrated embodiment, this keying means takes the form of 2~
pair of annular recesses 72A and 72B or reduced ouiter-_ diameter portions located
along the shank of the inner element 68. If the outer élement 70 is overmolded onto
the inner element 68, the plastic material of the outer element 70 flows into the
annular recesses 72A and 72B, thereby insuring a firm bond between the inner
element 68 and the outer element 70. The locking nut 32 includes a plurality of
driving flats 101 Which can assist in efficient torque transmittal from the outer
element 70 to the inner element 68 to threadibly engage the male threads 50 on thc;,
locking nut 32 with the female threads 46 on the end fitting 16.

The locking nut 32, and specifically the outer element 70, is provided

with a configuration for facilitating manual attachment of the end fitting 16 to the

- body tube 18. This configuration is more clearly illustrated in Figs. 4 and 5. The
illustrated embodiment of the configuration of the locking nut 32 comprises-a series
of alternating lobes 74 and flutes 76 disposed along the circumference of the outer
element 70. Preferably, there are six lobes 74 and six flutes 76 disposed equidistantly
along the circumference of the outer element 70, i.e. located every sixty degrees along
the circumference. In addition, each lobe 74 includes knurls 78 which can provide for

a better grip of the outer element 70. This configuration and the outer element 70 in
This is the replacement sheet
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9 - 60 to formpositive stop-neans for limting novenent of the | ocking
nut 32 en the cylindrical portion 58 toward the end fitting 16.

“In order to posi {higehe 3ER€ | ocki ng nut 32 on the cylindrical portion
58, a distally | oj stop nmeans is also required. This distally
_located positive or rred_tM Swagi ng the material conprising

the inner el enent
general facilitate torque transfer from a workman’s hand to the inner element 68,

which includes the male threads 50. Thus, the locking nut 32 and the end fitting 16
can be joined by hand, and the desired torquing of the threaded joint between the
end fitting 16 and the locking nut 32 can be accomplished manually without the need

of tools. This can reduce the amount of time required to change liners 22 and body
tubes 18. In addition, because the end fitting 16 and the locking nut 32 are tightened
and torqued by hand, the possibility of over-torquing of the threaded joint
therebetween is reduced. Furthermore, the construction of the body tube 18 and the
end ﬁtting 16 allows the body tube 18 to be rotated with respect to the end fitting 16
when the threaded joint between the end fitting 16 and the body tube 18 is lightly
tightened or torqued. The body tube 18 can be rotated through a full three hundred
and sixty degree arc about its axis, thereby allowing the positioning of the contact tip
30 to a desirable working, operational position. These things can provide greater
flexibility in welding and represent significant improvements over the weldihg
apparatuses of the prior art. ' '

As noted above, the outer element 70 is rnade from an electncally
msulatmg material. This i is necessary because the inner element 68 is placed within
the current path through the welding gun 10. The currents can be qulte large, on the
order of hundreds of Amps. Specifically, it is expected that the weldmg gun 10 may
be made comni'ercially available in at least 200, 350 and 500 Amp models. Because
of these large currents, there may be a possibility that electrical energy may arc across
a gap, such as the annular gap 80 between a potential ground circuit, not shown, and
the inner element 68 of the locking nut 32. In order to reduce the probability of
arcing across the gap 80, an insulating member 82 is located within the gap 80. In an
exemplary embodiment, the insulating member 82 comprises a rubber O-ring
surrounding the locking nut 32 between the threads 46 and the annulus of the innér
element 68.

In addition to providing for relatively quick replacement of the body
tube 18, an embodiment of the invention also provides for relatively quick and easy
replacement of the cable liner 22. As stated earlier, a portion of the cable liner 22
may deteriorate during welding operation of thie welding gun 10. This deterioration

tends to be concentrated at a distal portion of the cable liner 22 adjacent the contact

This is the reptacement sheet
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24 of the bc;-c_i;_/wf_t]b'émié'"t""'d"'cr“e'ate a protuberance or raised step 64 on the
out er surfac@lﬁheethE@q{E;iag% enent 24. The step 64 may be annul ar and
a

proj ects subs | ly away fromthe outer surface of the inner
el ement 24 a }H uci ent for positively limting distal novenment of
t he | ocki ng nut ylindricak 1@ertion 58. In the illustrated '
enbodi nent, the step 64 extends away fromthe outer surface of the cylinder
por t i oRjnd8) 8P ﬂﬁ@bb&?ft@?’l@,éﬂﬁm}(@ fdximalbeRicatedt porsions ob ¢hé chlsle, lirfes 225

: a

evident "from Fi gs. . nd 6, that the inner dianeter surface of the
cyl i ndmhayremaintsubstapgally intaet. hERYS, itBEY by M FFRNIRIGRL OnEgPMaeoRly st ant

and t h%%natllt] eteriorated portion of the cable liner 22 than to replace the entire axial length
thereof. In addition, by replacing only a small portion of the cable liner 22, the down
time of the welding gun 10 can be reduced because the new cable liner 22 would not
have to be inserted through the entire length of the composite cable 14. The novel
welding gun 10 of the present invention has unique structures which allow this to be
done. , . |
. As shown more clearly in Figs. 4 and 6, the welding gun 10 includes a
connection member 84 which releasably couples the cable liner 22 in the composite
cable 14 with the jumper linér 36 in the body tube 18 such that the jumper liner 36
forms an operative extension of the cable liner 22. Accordingly, while the cable liner
22 within the compbsite cable 14 may be of the usual length, the length of the jumper
Jiner 36 may be only about the length of any body tube 18. Because the jumper liner
36 is so much shorter than the cable liner 22, the jumper liner 36 may be less
' expensive compared to the cable liner 22, and the time required to changie the jumper
liner 36 as éompared to the cable liner 22 may be correspondingly reduced. This can -
reduce the down time of the welding gun 10, and may provide the user with
correspondingly increased revemues. -
The construction of the connection member 84 is shown in Figs. 4 and
6. As illustrated, the connection member 84 has a substantially cylindrical
configuration, but it is to be recognized that other configurations are also possible as
long as the connection member 84 is insertable, in the illustrated embodiment, into
the through bore 34 in the body tube 18. The connection member 84 is preferably
made from a metal, such as brass, but other materials can also be used.
| The connection member 84 comprises a first portion 86 for accepting an
end of the cable liner 22 and a second portion 88 which accepts an end of the jumper
liner 36. The first portion 86 has an outer diameter larger than the outer diameter of
the second portion 88 and substantially equal to the inner diameter of the tapered
portion 56 and the cylindrical portion 58 of the body tube 18. This construction
allows the connection member 84 to be inserted into and fit relatively snugly within
the through bore 34 in the body tube 18. The first portion 86 has an inner diameter

S P U L W P e .
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i nner di aneter of ‘the cylindrical portion 58 is not increased ordecreased
by the f.ormation of the step 64. Furthernore, by formn the step 64 by a .

" swagi ng procedure, the overall strength of the body tub is asi “éél
The | ocking nut 32 also includes an annul ar recess 66 or i
_dianmeter portion |located distally of titg_annul ar recess

recess 66 is dinensioned to accept the Step 64, and cooperat es vmth the

. step 64, to |imt_distal npovenen e.l ocking .nut. 32 lon odytube
18, | ThulerBeTthanchg quier diamater g tie A0S inef fe e i imher B1R0det BEARETY, G570

the | ockisgdPlrida 8dnih sNGbsAaRaNy Bgual to the outer diameter of the jumper

' liner 36. Because the inner diameter of the first portion 86 is larger than the outer
diameter of the cable liner 22, the cable liner 22 can be inserted into the first portion
86. Moreover, because of the diametric differential between the cable liner 22 and
the first portion 86, the inserted end of the cable liner 22 can float within the first
portion 86. Thus, the cable liner 22 can float or move within the first portion 86 to
accommodate stretching of the composite cable 14, which controls movement of the
cable liner 22. |

In an alternative construction of the connection member 84, the distal
end of the cable liner 22 may not be inserted into the connection member 84, but the
distal end of the cable liner 22 may butt up against a proximal end of the first portion
86. With this alternative construction, the first portion 86 does not need the large
inner diameter discussed above. :

The first portion 86 also has a external configuration for facilitating the
functionality of the welding gun 10. Specifically, as is shown more clearly in Fig. 4,
the first portion 86 has a number of alternating flutes §0 and lobes 92 equidistantly
spaced along the circumference of the first portion 86. In the illustrated embodiment,
there are four flutes 90 and four lobes 92, although other.nur'nbers are also possible.
The flutes 90 define outer diameters smaller than the outer diameters defined by the
lobes 92. The flutes 90 form channels which extend along the axial length of the first
portion 86 for allowing gas to pass from the end fitting 16 into the body tube 18.

The lobes 92 also extend along the entire axial length of the first
portion 86, define the boundaries of the flutes 90 and form bearing surfaces
engagable with the inner diameter surfaces of the tapered portion 56 and the
cylindﬁcal portion 58 of the body tube 18, as shown in Fig. 6. Thus, the lobes 92
substantially center the connection member 84 within the through bore 34 in the body
tube 18, which provides for easier insertion of the cable liner 22 into the first portion
86. A proximal end of the first portion 86, opposite to the end thereof connected to
the second portion 88, is configured to form flanges 94 extending radially outwardly
from ends of the lobes 92. The flanges 94 act as positive stops for positively locating
the connection member 84 within the body tube 18. In an exemplary embodiment,
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60 and the step 64 on the cyllndrlcal portion 58 are predetermned to

positively limt t S° novenent of the [ ocking nut 32 al ong .
t he outer dianeter cyllndrlcal portion 58. However, it is to
be remenbered t hat axi al Iocatlons are chosen to prOV|de

sufficient axial rmverrent of the | ockind 4qut 32 to facilitate j oi nder of
the body tube 18 to the end fitting 16, and that the, |locking nut 32 is
free to theretis asibeast dnheﬂangl%dassoaatqdomh cacls Bbe92 o',I'hWIﬂanges Q¢ define an

posi 11 ve B ORBRIE Breateraban Jhe FOEqeRalr o dBE (RFRa mpaen on Pl i aced
by anot helibé18Rn84onitddi?Hé end 54 of the tapered portion 56 of the body tube 18 to limit
movement of the connection member 84 into the body tube 18.

As stated above, the second portion 88 has an inner diameter
substantially equal to the outer diameter of the jumper liner 36 so that the jumper
liner 36 is insertable into the second portion 88. In addition, the first portion 86 has
a reduced inner diameter segment 98 adjacent the second portion which defines an
inner diameter substantially eqlial to the outer diameter of the jumper liner 36. An
end of the jumper liner 36 is inserted through the second portion 88 up to the
proximal end of the segment 98, as shown in Fig. 6. The jumper liner 36 is fastened
within the second portion 88 by means of a crimp 100 formed on the second portion
88. In this manner, when the cable liner 22 is inserted into the first portion 86, the
jumpex' liner 36 forms an operative extension of the cable liner 22 so that the cable
liner 22 effectively extends through the composite cable 14 to a position adjacent the
contact tip 30 of the body tube 18. Once operatively extended, a conductor or
electrode can be threaded through the cable liner 22 in common fashion.

The embodiments of the present invention provide a number of distinct
advantages over the welding apparatuses of the prior art. The angular differential
between the tapered portion 42 of the end fitting 16 and the tapered portion 56 of
the body tube 18 facilitates loosening of the end fitting 16 and the body tube 18,
which maintains current flow between the end fitting 16 and the body tube 18. The
precise measure of the angles defined by the tapered portions 42 and 56 is not as
important as the differential between those angles. Accordingly, it is envisioned that
the tapered portions 42 and 56 could define a number of different angles without
departing from the scope of the invention, as long as the differential or distance
between the angles is sufficient for facilitating manual separation of the tapered
portion 42 of the end fitting 16 and the tapered portion 56 of the body tube 18.
Preferably, this differential or distance is about 0.5 degrees. The outer element 70 of
the locking nut 32 allows the locking nut 32 to be threadibly attached by hand. This,
along with the thread profiles and the limits of unaided human strength, may prevent

over-torquing of the threaded connection between the end fitting 16 and the body
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depart| ng fromthe invention. As stated above, the body tube
18- can be releasably joined to the end f|tt| ng 16 wthggghe&ﬁgsﬁéq{o ools. '

- Thus, the threads 50 on the locking nut 32 are I" l""””" "’

tube 18. The locking nut 32 also allows the body tube 18 to rotate about its axis
along a three hundred and sixty degree arc, and thereby allows for easy changes of

-15 -

the orientation of the body tube 18.

The construction of the jumper liner 36 and the connection member 84
allows for easier and more economical replacement of a deteriorated poftion of the
cable liner 22, as compared to some welding apparatuses of the prior art. Stretching
of the composite cable 14, which effectively moves the cable liner 22 during operation
of the welding gun 10 is compensated for by the clearance between the outer
diameter.of the cable liner 22 and the inner diameter of the first portion 86 of the
connection member 84, i.e. the cable liner 22 floats within the first portion 86 of the
connection member 84 as the cable liner 22 stretches. The flutes 90 allow for
shielding gas to flow over the connection member 84 during welding so that the
presence of the connection member 84 does not affect the efficiency of the welding
gun 10. The protuberance or step 64 positively retains the locking nut 32 on the body
tube 18 and positively limits axial movement of the locking nut 32 with respect to the
body tube 18. In addition, by forming the; step 64 by swaging the material of the body
tube 18, the body tube 18 has increased strength as compared to a body tube 18
‘comprised of unswayed material. Each of these embodiments can be combined in
any suitable fashion, and the embodiments may also be utilized with existing welding
equipment, :

While embodiments of the present invention are shown and described,
it is envisioned that those skilled in the art may devise various modifications of the

present invention without departing from the spirit and scope of the appended claims.
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- 10 - engagable with the threads 46 on the end fitting 16 by hand. To
facilitate this manual joining of the end fitting 16 with the body tube 18,
the | ocking nut 32 conprises an inner elenent 68 and a hand nut or outer
el ement 70. The inner elenment 68 is formed fron1a netal such as brass and

the like, and is constructed substant'lhﬁry
[0 IHIII IIIH Hlll H llll

CLAIMS:

1. An apparatus for welding a workpiece comprising:
a) a body tube having a tapered portion defining a first
angle; '

b) an end fitting releasably connectable with the body tube
and having a tapered portion definihg a second angle; |
) the tapered portion of the body tube being releasably
connectable with the tapered portion of the end fitting; |
d) the first angle differing from the second angle by a
distance sufficient for facilitatiné separation of the tapered portion of the body tube
from the tapered portion of the end fitting;
e) a liner having a first portion disposed within the end
fitting and a second.portion disposed within- the body tube;
'f) a connection member for operatively releasably
. connecting the first portion of the liner with the second portion of the liner; :
g) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; and
h) a positive stop member formed on the body tube or the

end fitting for positively retaining the member on the body tube or the end fitting.

2. An apparatus as defined in claim 1 wherein the distance by

which the first angle differs from the second angle is about one half of one degree.

3. An apparatus as defined in claim 2 wherein the first angle

measures about 2.5 degrees.

4. An apparatus as defined in any preceding claim wherein the positive

Replaced .
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simlarly to the |ocking nuts of the prior art. The outer elenment 70 is
formed of dn electric lating plastic material which can withstand .
- the operati nﬁ&“ﬂ W:‘“ !\ﬂ the wel di ng gun 10, which are about
199[err]C (3 eit), and can hold at |east 8 foot-pounds of
torque. The currently preferred materjgy.for the outer element 70 is

" GQLASTI C 1412AD (bl ack) which is available fromd@astic, Inc.

The outer el ement 570 0%31 @ﬁ?ﬁﬁ{s%k%ﬂhﬂ TaQN&lkek?xédénﬁ{e gﬂ,ﬁ}gﬁfs compriNing:

alternatively, nay be as a separa e pl sli1d over the |nner
el ement 68 and secur eda) her attndyytutre dravingfa tapered portéer definingenficsal
, fastenrgrglgglsystem In order to

2

b) an end fitting having a tapered portion defining a second
angle;

c) the tapered portion of the body tube being releasably
connectable with the tapered portion of the end fitting; and

d) the first angle differing from the second angle by a
distance sufficient for facilitating separation of the tapered portion of the body tube
from the tapered portion of the end fitting.

6. An apparatus as defined in claim 5 wherein the distance is about

one half of one degree.

7. An apparatus as defined in claim 6 wherein the tapered portion
of the body tube is insertable into the tapered portibn of the end fitting; and wherein

the first angle is larger than the second angle.

8. An apparatus as defined in claim 7 wherein the first angle

measures about 2.5 degrees.

9. In gparats as defined in any of clains 5 to 8 firther conprising
e) a liner having a first portion and a second portion;
wherein the first portion is disposed within the end fitting; wherein the second portion
is diSpqsed within the body tube; and further comprising
f) a connection member for operatively releasaBly

connecting the first portion with the second portion.

10.  mn gparatus as Gefinad in any of claims 5 to 9 further coprising
e) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; further comprising

This Sheet Has Been Rep This is the replacement sheet
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insure firmadttachnment of the inner element 68 to the outer elenent 70, the
I nner elenent 68 is provided with neans for keyi ng [“m“lmrm Il t 68 to
the outer elenment 70. In the illustrated enbodi nen Uﬁ EMans
takes the formof a pair of annular recesses 72A and 72B br 'feducéd outer
di aneter portions |ocated along the shthk of the inner elenent 68. If the

outer elenent 70 is overnolded onto the inner_ elenent 68, {he plastic
material of the outer Bl eneAtPosHive R memberfoemed an the badysbeor81g and

/2B, e?,bcf(@&{dg;@wpﬁ HivRl j tétmm” p,eb,glwﬁ,%p gmﬁe rtus{e %'i“%ﬂ& il fipghgt he

out er I'ncl udes "a prura
and wherein the positive stop member is formed by swagmg matenal of the body tube

or the end fitting.

11.  2n-goperatis as definad in any of clains 5 to 9 firther axprising
e) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; wherein the member comprises
an inner element and an outer elgnient; wherein the inner element comprises a lock
nut; and wherein the outer element comprises a hand nut for facilitating manual
connection of the body tube to the end fitting.

12. An apparatus as defined in claim 11 wherein the inner element
includes an annulus; and wherein a portion of the outer element is disposed within
the annulus for coupling the inner element to the outer element.

13. 2 gyemats as defined in claim 11 or claim 12 vherein the auter element
has a configuration for facilitating torque transfer from a human hand to the inner

element.

'14. 2 ayeratis as defined in ay of clains 11 to 13 vhersin the menber ad
the end fitting are separated by a gap; wherein the inner element is electrically
conductive; and further comprising

f) an insulating member disposed within the gap for limiting

electrical arcs from the end fitting.

15.  An apparatus for welding a workpiece cbmprising:
a) . a body tube releasably connectable with an end fitting;
b) a liner having a first portion disposed within the body tube
and a second portion disposed within the end fitting;
c) a connection member for operatively releasably

connecting the first portion to the second portion; and

is Sheet Has Been Replaced Thin iy (ha roolenemert B
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driving flats 1Q1 which can assist in efficient torque transmttal fromthe
outer el enent 70 to-the inner elenent 68 to threadi bly engage the nal e

" threads 50 ' 32 with the female threads 46 on the end
fitting 16. ﬂml'ﬁmﬂ!ﬂwm"m’s | ocki ng nut 32, and specifically the outer

. element 70, i provi ) aconfigﬁgtlonfor facilitating manual
attachment of the end fitting 16 to tth€ body tube 18. This configuration is

nore clearly illustrated in Figs. 4 and ﬁ i | l.ustrated enbodj nept of
the configuration of ték |o%n<len§tmﬂ9§3‘émﬁe Qusthe conneglon MEMber 101 j ng

| obes 7%rﬂﬁﬂizfg'ﬁﬁiﬁ§lowtﬂér§ﬂﬁ-§ﬁgh.al ong the circunference of the outer

16.  An apparatus as defined in claim 15 wherein the connection
member is insertable into the body tube or the end fitting; further comprising
€) at least one lobe disposed on the connection member; and
wherein the at least one lobe is engagable with the body tube or the end fitting for
positively locating the connection member in said body tube or said end fitting.

17." An apparatus as defined in claim 16 wherein the connection
member has a ciréuniference; further comprising
f) at least a second flute and a second lobe; and wherein the
flutes and the lobes are alternatively spaced along the circumference of the
connection mémber. |
_ 18. -An apparatus as defined in claim 15 wherein the connection
member is insertable the body tube or the end fitting; further comprising
€) a ﬂaﬁge on the connection member for positively locating

the connection member in said body tube or said end fitting.

19.  An apparatus as defined in claim 15 further comprising
e) a crimp on the connection member for fixedly attaching

the first portion or the second portion to the connection member.

20.  An apparatus as defined in claim 15 further comprising
e) a bore extending through the connection member;
wherein the first portion and the second portion of the liner are insertable into the
bore; and wherein the bore is dimensioned such that the first portion or the second
portion of the liner can float within the bore to accommodate movement of said first
portion or said second portion.
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el ement 70. Preferably, there are six |obes 74 and six flutes 76 di sposed
equi di st ant | ye,mg"wmﬂ’mmlnerence of the outer elenent 70, i.e. located _
every sixty dedcg I i rcunference. In addition, each | obe 74

i ncl udes knurls 78 whicf cén Yrovi de ta(ar a better grip of the outer el enent
70. This configuration and the outer “é€l

ement 70 in

21.  An apparatus as defined in claim 15 wherein the body tube
includes a tapered portion defining a first angle; wherein the end fitting has a tapered
portion defining a second angle; wherein the tapered portion of the body tube is
releasably connectable with the tapered portion of the end fitting; and wherein the
first angle differs from the second angle by a distance sufficient for facilitating
separation of the tapered portion of the body tube from the tapered portion of the
end fitting.

22.  An apparatus as defined in claim 21 wherein the distance is

approximately one half of one degree.

23.  An apparatus as defined in claim 15 further comprising
€) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; further comprising
f) a positivé stop member formed on the body tube or the
end fitting for positively retaining the member on said body tube or said end fitting;
and wherein the positive stop member is formed by swaging material of the body tube
or the end fitting.

24.  An apparatus for welding a workpiece comprising:
 a) a body tube and an end fitting releasably connectable to
'the body tube;
b) a member disposed on the body tube or the end fitting for
releasably connecting the body tube to the end fitting; and
' c) a positive stop member formed on said body tube or said
end fitting by swaging material of the body tube or the end fitting for positively

retaining the member on said body tube or said end fitting.

25.  An apparatus as defined in claim 24 wherein a portion of the
member is offset from the end fitting by a gap; and further comprising
d) an insulating member disposed within the gap for

substantially preventing an electrical arc across the gap. '
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26.  An apparatus as defined in claim 24 further comprising
- d) a liner having a first portion and a second portion;
wherein the first portion is disposed within the end fitting; wherein the second portion
is disposed within the body tube; and further comprising

e) a connection mémber for operatively releasably

connecting the first portion with the second portion.

27.  An apparatus as defined in claim 24 wherein the body tube
includes a tapered portion defining a first angle; wherein the end fitting has a tapered
portion defining a second angle; wherein the tapered portion of the body tube is
releasably connectable with the tapered portion of the end fitting; and wherein the

 first angle differs from the second angle by a distance sufficient for facilitating
separation of the tapered portion of the body tube from the tapered portion of the
end fitting.

28.  An apparatus as defined in claim 27 wherein the distance is

approximately one half of one degree.

29.  An apparatus for welding a workpiece comprising:

i a) a body tube releasably connectable with an end fitting;

b) a liner having a first portion disposed within the body tube
and a second portion disposed within the end fitting;

' c) a connection member for operatively releasably
connecting the first portion to the second portion; wherein the connection member is
inserted into the body tube; and

d) at least one flute disposed on the connection member for

permitting fluid flow therethrough.

30. An apparatus for welding a workpiece substantially as
hereinbefore described with reference to and as illustrated in the

accompanying drawings.
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gemeral facilitate torque transfer froma workman's hand to the.rpngs;
v/é/enent 68, \ihich includes the nmale threads 50. Thus, the |ocking nuf 32
and the end fitting 16 can be joined by hand, and the desired t or qui ng of
the threaded joint between the end fitting 16 and the | ocking nut 32 can be
acconpl i shed manually w thout the need
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WELDING APPARATU

The present invention relates generally to a novel construction for an
improved welding apparatus, and: more specifically to a novel construction for an
improved electric arc welding gun/torch.

Welding processes iare widely used in modern day manufacturing. One
such welding process is commonly referred to as arc welding, which utilizies an
electrical current, and an electrode. The American Welding Society ("AWS") defines
arc welding with seven subclasses, viz. shieided metal arc welding, submerged arc
welding, gas metal arc welding, flux cored arc welding, gas tungsten arc welding,
plasma arc welding, and electroslag welding. Electrical current heats the tip of an
electrode such that the electrode and the adjacent portions of the workpiece become
hot enough to fuse. In order to prevent molten metal from reacting with components
of the surrounding ambient atmosphere, a fluid flow of a shielding gas, such as
helium, argon and the like, or a solid slag surrounds the molten metal and the
adjacent portions of the workpiece.

In some instances, these things needed for arc welding are provided in
the form of a welding apparatus or gun which facilitates manipulation of the
electrode and the shield by a workman during welding. One example of an arc
welding gun of the prior art generally comprises a handle member connected to an
end of a composite cable which delivers arc power and shielding gas from suitable

sources. A cone nut is located at the end of the composite cable, and the cone nut
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of «tools. This can reduce the ampunt of tinme required to change |iners 22
and body tubes 18. In addition, because the end fitting 16 and the | ocking-
nut 32 are tightened and torqued by hand, the possibility of over-torquing
of the threaded joint therebetween is reduced. Furthernore, the
construction of the body tube 18 and theZnd fitting 16 all ows the body
tube 18 to be rotated with respect to the end fitting 16 wheng%he t hr.eaded
j oi nt bet wdas thmdenwnqctaﬁlmyltﬁfpommemﬁéaludhsﬁa%% angndditing, dPg epdyht ened

and sinty JSPE PR Mot b b ol ERAIPRHILAL SpiedbR U B e o

t he cont gcta tgdch nut for operatively connectifxg a body tube to the enc? fitting. pBecause the gnd
fitting and the body tube are electrically conductive, an insulating member may be
positioned over exposed portions of the end fitting and the lock nut. A liner, in
which a consumable electrode can be inserted, extends through the composite cable
and the body tube, and terminates adjacent a distal end of the body tube. A contact
tip for weldingly contacting the electrode is disposed at the distal end of the body
tube.

Currents used in arc welding éan be on the order of hundreds of Amps.

These currents generate sufficient heat, especially at and adjacent the contact tip,
‘which, in combination with other effects of arc welding, can cause deterioration of
portions of the welding gun. The body tube and the liner are often susceptible to this
deterioration. In addition, body tubes may have certain, predetermined configurations
which make them particularly adept at forming a certain weld, may have particular
utility with a given workpiece, etc. The liner may be abraded within the body tube as
the electrode is continiuously used. Therefore, it thay become desirable to replaqe the
body tube and/or the liner in order to insure efficient welding of the workpiece.
However, the method of replacing a body tube and/or a liner may. be quite difficult
or tedious and may be relatively expensive in time and in labor.

A typical method of replacing a body tube A may be more easily
understood with reference to Fig. 2. To replace a body tube A, the handle member
must be removed. The insulating member is slid off of the lock nut B and the end
fitting C to reveal the driving flats of both elements. The cone nut D at the end of
the composite cable E is inserted into a vise F, and the vise F is activated to firmly
hold the cone nut D against rotation. Now, a first wrench is applied to the lock nut B
to rotate the lock nut B with respect to the end fitting C to disengage the threaded
connection therebetween. A second wrench is applied to the end fitting C to fix the
end fitting C against rotation with respect to the cone nut D or the lock nut B. Force
is applied to the first wrench to rotate the lock nut B while another force is applied
to the second wrench to hold the end fitting C fixed. This force application continues

or is increased until the threaded connection between the lock nut B and the end
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30.to a desirable working, operational position. These things can provide

greater fle
t he wel di ng
outer elene
necessary b
t hrough the
of hundreds
may be nmade
Because

xibility in welding and represent significant inprovenents over

apparatuses of the prior art. As not ed above,

t he

nt 70 is nmade froman electrically insulating material. This is

ecause the inner elenent 68 |% pl aced within the current path
can be qU|te | arge, on the order

wel ding gun 10. The currents
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with the lock nut B and removed completely from the end fitting E

Because the threaded connection between the lock nut B and the end
fﬁxﬁgCistqud,dﬁmtndmutZLymnﬂﬁbmﬁxuﬂﬂ,ﬂeibmesmqﬁnﬁtbbmd<ﬂe
threaded connection may be rather significant. In addition, appropriate portions of
the body tube A and/or the end fitting C méy be tapered at a slight incline. This
taper may make the time required to disassemble the body tube A and the end fitting
C rather long, which increases the down time of the welding gun, and which possibly
correspondingly decreases the amount of revenues that can be generated by use of .
the gun. Alternatively, two workmen, one working each of the wrenches, may
cdoperate to loosen the connection, but this method is relatively labor intensive,

" thereby also possibly decreasing associated revenues.

The liner extends through the axial length of the composite cable E and
into the hody tube A. The liner may be 3 to 4.5 (ten to fifteen feet) Jong or longer depending
upon the length of the:composite cable E desired for a specific welding application.
While the old liner may be relatively easily removed by pulling it through the open,
distal end of the complosite cable connection, the new liner will have to be carefully
inserted through the entire length of the composite cable E. This installation process
may be tedious, requires removal of the welding gun from production, possibly further
reducing revenués. In addition, it is to be noted that the operative welding
tarperatures, about 204°C _(400<bgresfahnai'eit), terd to be cocentrated at the antact
tip of the Weldfﬁg gun. Thus, sigﬁificant deterioration of the liner may only occur
immediately adjacent the contact tip. This means that, in some instances,
deterioration of a few inch-es of the liner may require replacement of the entire liner,
which may be almost an order of magnitude longer than the deteriorated portion of
the liner. Because the entire liner must be replaced due to deterioration of such.a
small portion thereof, liner replacement of the present art can be wasteful and also
costly. These things can increase the costs of maintaining and/or using a welding gun
because of increased labor and parts costs.

Because of these characteristics, among others, of some prior art
welding apparatuses, such as arc welding guns and the like, it is desirable to provide

an improved welding apparatus which is not subject to some, if not all of the above-
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of these large currents, there may be a possibility that electrical energy
s« may arc across a gap, such as the annul ar gap 80 between a potential ground -
circuit, not shown, and the inner elenent 68 of the |locking nut 32. In
order to reduce the probability of arcing across the gap 80, an insulating
menber 82 is located within the gap 80. Ind4an exenplary enbodi ment, the

i nsul ating nmenber 82 conprises a rubber Oring surrounding the | ocking nut
32 between t Hiscussedelibradi6ristind df tbe prinnRusvedding gens. nHee presentdpyeg®n is

I n addition }n?eﬁ)cfe%vtiodﬁrrégid];%{xcﬁ gxll?rtnip}’oevle}{-xeﬂi’.” ck replacenent of the body

The present invention provides an improved welding apparatus, such as
an arc welding gun and the like. The welding gun facilitates removal of a body tube
therefrom without the use of tools, thereby possibly reducing the time and labor
needed to replace a body tube. In addition, with the welding gun of the invention, it

- is not necessary to replace the entire axial length of a liner to remove a relatively
. small deteriorated distal portion of the liner. The welding gun of the invention may
be less costly to repair and maintain than some prior art welding guns, and it is
. possible that utilization of the novel welding gun may result in revenue savings to a
user. |

A general object of an embodiment of the present invention is to
provide a novel construction for a welding apparatus, and especially for an arc
welding apparatus.

A more specific object of an embodiment of the invention is to provide
a novel construction for a welding gun, and especially for an arc welding gun.

Another object of an embodiment of the present invention is to provide
a novel welding.gun having a body tube which is replaceable quicker and easier than
some prior art body tubes.

" An additional object of an embodiment of the invention is to provide a
novel welding gun having a body tube which can be removed without the aid of other
tools.

_ A further object of an embodiment of the present invention is to
provid'e a novel welding gun' having a construction which makes liner replacement
easier than some prior art welding guns. '

A novel weldiﬁg apparatus, constructed according to the teachings of
the present invention, comprises a body tube having a tapered portion defining a first
angle, and an end fitting releasably connectable with the body tube and having a
tapered portion defining a second angle. The tapered portion of the body tube is

releasably connectable with the tapered portion of the end fitting. The first angle
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tube 18, an enbodi ment of the invention also provides for relatively quick

» and easy replacenent of the cable liner 22. As stated earlier, a portion of
the cable liner 22 may deteriorate during welding operation of the welding -
gun 10. This deterioration tends to be concentrated at a distal portion of
the cable liner 22 adjacent the contact

differs from the second angle by a distance sufficient for facilitating manual
separation of the tapered portion of the body tube from the tapered portion of the
end fitting. A liner has a first portion disposed within the end fitting and a second
portion disposed within the body tube. A connection member operatively releasably
connects the first portion of the liner with the second portion of the liner. A member
is disposed on one of the body tube or the end fitting for releasably connecting the
body tube to the end fitting. A positive stop member is formed on the one of the
bod& tube or the end fitting for positively retaining the member on the body tube or
the end fitting. o

The organization and manner of the structure and operation of the
invention, together with further advantages thereof, may best be understood by
reference to the following description taken in connection with the accompanying
drawings, wherein like reference numerals identify like elements in which:

Fig. 1 is a partially sectioned side elevational view of a novel welding oo
gun constructed according to the teachings of the present invention;

' Fig. 2 is a plan view of a prior art welding gun held within a vise to
facilitate removal of a body tube therefrom;

Fig. 3 is an enlarged sectional view of a threaded connection between
an end fitting and a body tube of the novel welding gun of Fig. 1 with a jumper liner
removed for clarity;

Fig. 4 is a perépective view of a jumper assembly insertable into the
body tube of Fig. 1;

| Fig. 5 is a sectional view, taken along line 5-5 of Fig. 4 illustrating the
construction of a connection member for the welding gun of Fig. 1; and

Fig. 6 is an enlarged sectional view of the body tube of Fig. 4 being

connected to a cable liner with an end fitting removed for clarity.
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- 12 - tip 30 of the body tube 18, while the proximally | ocated portions
 of the cable liner 22 may remain substantially intact. Thus, it may be nore.

econoni cal

22 than to replace the entire axi al | engt h

to replace only a small, deteriorated portion of the cable liner

-6-

While the invention may be susceptible to embodiment in different
forms, there are shown in the dr-awings, and herein will be described in detail, specific
embodiments with the understanding that the present disclosure is to be considered
an exemplification of the principles of the invention, and is not intended to limit the
invention to that as illustrated and described herein.

Referring initially to Fig. 1, a novel arc welding gim 10, constructed
according to the teachings of the present invention, is illustrated. It is to be noted
that, while the embodiments of the invention will be discussed herein with respect to
their empioyment with arc welding, for the sake of clarity, the embodiments of the
invention may be used with any suitable type of xﬁanufacturing process without
departing from the scope of the invention. In addition, while the embodiments of the
invention will be discussed separately, again for the sake of clarity, it is to be fully
understood that the embodiments can be combined in any suitable manner without
departing from the scope of the invention. Also, some elements of the novel welding
gun 10 are well known to those having ordinary skill in the art, and, thus, those
elements of the welding gun 10 will be discussed only with sufficient ‘detail necessary
to provide the reader with an appreciation of the embodiments of the invention.
Furthermore, the embodiments of the present invention can be utilized with certain
existing weldmg apparatuses and guns, such as the EZ FEED and EZ FEED II
welding guns available from Bernard Welding Equipment Company of Beecher,
llinois.

The welding gun 10 generally comprises a handle portion 12, half of
which is shown in Fig. 1, a composite cable 14, an end fitting 16, and a body tube 18.
The handle portion 12 can be made of an electrically insulating material, such as a
plastic,'.and may have a configuration adapted for facilitating manipulation of the
welding gun 10 by a workman. The composite cable 14 may be of well known
construction and is connected at one end to a suitable source of electrical power and
shielding gas, such as helium, argon, carbon dioxide, and the like, not shown. An
opposite end 20 of the composite cable 14 is operatively connected to a proximal end
of the end fitting 16 by suitable means. The composite cable 14 may have any axial

length sufficient to position the welding gun 10 for welding. A cable liner 22 extends

Toilz s tha rzolscemant snomt
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thereof. In addition, by replacing only a small portion of the cable liner
22, the down tine of the welding gun 10 can be reduced because the new
cable liner 22 would not have to be inserted through the entire | ength of

t he conposite cable 14. The novel welding gun 10 of the present invention
has uni que structures which allow this to_be done. As shown nore clearly in
Figs. 4 and 6, the welding gun 10 i ncl uded-a connection menber 84 which

rel easably cltl)upl et_snt he, cabl e |jiner 212 intthe ¢o gsi te. cabLﬁ 4@@ {hké én e
j umper | i nefulstantiglly gialy gyrongh ghei oIy 14T Of tReCOERRSHF FPiTe
fitting 16 in well known fashion. However, a proximal portion of the cable liner 22
terminates distally within the end fitting 16. This is an important—difference from
some of the welding guns of the prior art, and the significance of this construction will
become more clear later. This cable liner 22 construction allows for replacement of a
deteriorated portion of the liner 22 without requiring replacement of the entire liner
22, as discussed earlier with respect to Fig. 2. _
The body tube 18 comprises an inner element 24, made of a conductive
metal such as copper, and an outer element 26, made of a metal such as brass. An
- insulating element 27, made of an appropriate material, such as a high temperature
TEFLON, nylon, or the like, is disposed between the inner element 24 and the outer
-element 26, which are releasably connectable to the end fitting 16. The insulating
element 27 prevents electrical current from flowing from the inner element 24 to the
outer element 26. The Body tube 18 is straight or bent to define an angle for
‘facili{ating the welding process. The angle usually measures 22.5, 30, 45, 60 or 180
degrees. The body tube 18 has a distal welding end 28, opposite to the end of the
ibodyltube 18 connected to the end fitting 16, which terminates at a contact tip 30 for
weldingly éontacting an electrode, not shown. A majority of deterioration of the liner
22 occurs proximate to the contact tip 30. A member or locking nut 32 is disposed
around the body tube 18 adjacent the end thereof connectable to the end fitting 16
for firmly attaching the end fitting 16 to the body tube 18. The body tube 18 also
includes a through bore 34 extending along the axial length of the body tube 18. The
through bore 34 is dimensioned for accepting a jumper liner 36, which forms an
operative extension of the cable liner 22. The significance of the jumper liner 36 will
be discussed further below.

'- As shown in Figs. 1 and 3, the end fitting 16 has a through bore 38 for
accepting the cable liner 22 and a portion of the body tube 18 and the locking nut 32.
Specifically, the through bore 38 comprises a substantially cylindrical portion 40, a
substantially tapered portion 42, and an internally threaded portion 44 including
female threads 46. The cylindrical portion 40 has an inner diameter larger than the
outer diameter of the cable liner 22 so that the cable liner 22 can be inserted through

the cylindrical portion 40. The tapered portion 42 which forms part of a novel
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farns an operative extension of the cable liner 22. Accordingly, while the
cable liner 22 within the conposite cable 14 may be of the usual |ength,
the length of the junper liner 36 nay be only about the | ength of any body
-tube 18. Because the junper liner 36 is so nuch shorter than the cable
liner 22, the junper liner 36 may be | es8-expensive conpared to the cable
liner 22, and the time required to change the junper liner 36 as conpared
to the cabdtfuchireest tBe wekdinggus A0y Bdpemell betivyen tublaybindricah portiam4d andidee t he

o et poe hireadsdinntion A, pie naer SurfiRY o€t dlfinbd S U3GE "Bl respect 1o
a longitudinal axis, represented by dotted line 48 i Fig.-3. In the illustrated
embodiment, the angle o measures about 2 degrees. The threads 46 on the threaded

portion 44 are matable with complementary male threads 50 on a threaded portion 52

of the locking m.u 32 to releasably join the end ﬁttiﬁg 16 to the body tube 18. The

threads 46 and 50 define a thread profile common to the similar structures on other

welding apparatuses available from Bernard Welding Equipment Company of

Beecher, Illinois. This facilitates interchangability of the embodiments of the present
. invention with existing welding equipment. o | '

The body tube 18 also includes novel structures unique to the welding

_gun-10. A proximal end 54 of the body tube 18, and specifically the inner element 24,

inclndes a tapered portion 56 whose outer surface defines an angle 6 }Vith respect to
the longitudinal axis 48, shown in Fig. 3, which measures about 2.5 degrees.- It is to

be noted that there is an angular differential, measuring -about 0.5 degrees, between

‘the angle « and the angle 6. This precise measure of this differential and the angles
a and 6 is subject to usual manufacturing tolerances. This differential facilitates
removal of the body tube 18 from the end fitting 16, thereby providing for relatively

‘quick change of the body tube 18 and the jumper liner 36 without the need of tools,
even when the threaded connection between the end fitting 16 and the body tube 18
is tomued to about 3.34 Mn(30 inchrpourds) This advantage of the present imvention will be
discussed in greater detail later.

The body tube 18 has a substantially cylindrical portion 58 located
distally of the tapered portion 56. The locking nut 32 is located around the
cylindrical portion 58. In order to positively locate and retain the locking nut 32
about the cylindrical portion 58, a snap ring 60 is attached to the outer diameter
surface of the cylindrical portion 58 to limit movement of the locking nut 32 in one
direction. As is illustrated more clearly in Figs. 3 and 6, a proximal end of the
locking nut 32 has an annular recess 62 or increased inner diameter portion
dimensioned for accepting and covering a portion of the snap ring 60. The annular
recess 62 insures that the snap ring 60 will remain in place on the cylindrical portion

58 when substantial loads are applied thereto, and also cooperates with the snap ring
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The construction of the connection nenber 84 is showmn in Figs. 4 and 6. As
illustrated, the connection nenber 84 has a substantially cylindrical
configuration, but it is to be recognized that other configurations are

al so poss

i ble as Iong as the connection nenber 84 is insertable, in the

Il lustrated enbodinent, into the through bore 34 in the body tube 18. The
connection nenber 84 is preferably madé 9rom a metal, such as brass, but
ot her naterlals can al so be us

conprises

& t5i{Pgh POSRLS Si9PaBEHD, o5 LEURS MGVemens Rl tog R LR 84

a second ReRddrRAl BErtithl SBtoRaEE BisSemNfitting 16f the | unper

In order to positively retain the locking nut 32 on the cylindrical portion
58, a distally located positive stop means is also required. This distally located
positive stop means is formed by swaging the material comprising the inner element
24 of the body tube 18 to create a protuberance or raised step 64 on the outer
surface of the inner element 24. The step 64 may be annular and projects
substantially radially away from the outer surface of the inner element 24 a distance
sufficient for positively limiting distal movement of the 'locking nut 32 on the
cylindrical portioxi 58. In the illustrated embodiment, the step 64 extends away from
the auter surface of the cylindrical portion 58 sppximetely 0.3%m (0.015inches). It is toke
poted, as is evident from Figs. 1, 3 and 6, that the inner diameter surface of the
cylindrical portion 58 of the body tube 18 remains substantially constant, and that the
inner diameter of the cylindrical portion 58 is not increased or decreased by the
formation of the step 64. Furthermore, by forming the step 64 by a swaging
procedure, the overall strength of the body tube 18 is incrcased.

The locking nut 32 also includes an annular recess 66 or increased inner
diameter portion located dlstally of the annular recess 62. The annular recess 66 is
dimensioned to accept the step 64, and cooperates with the step 64 to limit distal
movement of t-h'e locldng nut 32 along the body tube 18. Thus, the relative axial
loéations of the annular recesses 62 and 66 on the locking nut 32 and of the snap ring
60 and the s;tep 64 on the cylindrical portion 58 are predetermined to positively limit
the range of axial movement of the locking nut 32 along the outer diameter surface of
the cylindrical portion 58. However, it is to be remembered that those relative axial
locations are chosen to provide sufficient axial movement of the locking nut 32 to
facilitate jdinder of the body tube 18 to the end fitting 16, and that the.locking nut 32
is free to rotate about the cylindrical portion 58. Also, while the illustrated
embodiment shows one step 64 and one snap ring 60 forming the positive stop means,
it is envisioned that the snap ring 60 can be replaced by another step 64 without
departing from the invention. -

As stated above, the body tube 18 can be releasably joined to the end
fitting 16 without the aid of tools. Thus, the threads 50 on the locking nut 32 are
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| i mer 36. The first portion 86 has an outer dianeter |arger than the outer
di aneter of the second portion 88 and substantially equal to the inner

di aneter of the tapered portion 56 and the cylindrical portion 58 of the
body tube 18. This construction allows the connection nenber 84 to be
inserted into and fit relatively snugly-Wthin the through bore 34 in the

body tube 18. The first portion 86 has an inner dianeter )
engagable with the threads 46 on the end fitting 16 by hand. To facilitate this manual

joining of the end fitting 16 with the body tube 18, the locking nut 32 comprises an
inner element 68 and a hand nut or outer element 70. The inner element 68 is
formed from a metal, such as brass and fhe like, and is constructed substantially
similarly to the locking nuts of the prior art. The outer element 70 is formed of an
electrically insulating plastic material which can withstand the operating temperatures
of the welding g 10, vhich are sbout 198°C (390 degrees Fehrenheit) , and can hold at least
8 foot-pounds of torque. The currently preferred material for the outer element 70 is
GLASTIC 1412AD (black) which is available from Glastic, Inc. |

' The outer eleﬁlent 70 can be overmolded onto the inner element 68, or,
alternatively, méy be molded as a separate piece, slid over the inner element 68 and
secured thereto by means of a mechanical or chemical fastening system. In order to
insure firm attachnient of the inner element 68 to the outer elemeht 70, the inner -
element 68 is provided with means for keying the inner element 68 to the outer
element 70. In the illustrated embodiment, this keying means takes fhe-form ofa
pair of annular recesses 72A and 72B or reduced outer. diameter portions located
along the shank of the inner element 68. If the outer élement 70 is overmolded onto'
the inner element 68, the plastic material of the outer element 70 flows into the
annular recesses 72A and 72B, thereby insuring a firm bond between the inner
element 68 and the outer element 70. The locking nut 32 includes a plurality of
driving flats 101 which can assist in efficient torque transmittal from the outer
element 70 .io the inner element 68 to threadibly engage the male threads 50 on thé
locking nut 32 with the female threads 46 on the end fitting 16.

The locking nut 32, and spec;ifically the outer element 70, is provided
with a configuration for facilitating manual attachment of the end fitting 16 to the
body tube 18. This configuration is more clearly illustrated in Figs. 4 and 5. The
illustrated embodiment of the configuration of the locking nut 32 comprises-a series
of alternating lobes 74 and flutes 76 disposed along the circumference of the outer
element 70. Preferably, there are six lobes 74 and six flutes 76 disposed equidistantly
along the circumference of the outer element 70, i.e. located every sixty degrees along
the circumference. In addition, each lobe 74 includes knurls 78 which can provide for

a better grip of the outer element 70. This configuration and the outer element 70 in
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general facilitate torque transfer from a workman’s hand to the inner element 68,
which includes the male threads 50. Thus, the locking nut 32 and the end fitting 16
can be joined by hand, and the desired torquing of the threaded joint between the
end fitting 16 and the locking nut 32 can be accomplished manually without the need
of tools. This can reduce the amount of time required to change liners 22 and body
tubes 18. In addition, because the end fitting 16 and the locking nut 32 are tightened
and torqued by hand, the possibility of over-torquing of the threaded joint
therebetween is reduced. Furthermore, the construction of the body tube 18 and the
end fittmg 16 allows the body tube 18 to be rotated with respect to the end fitting 16
when the threaded joint between the end fitting 16 and the body tube 18 is lightly -
tightened or torqued. The body tube 18 can be rotated through a full three hundred
and sixty degree arc about its axis, thereby allowing the positioning of the contact tip
30 to a desirable working, operational position. These things can provide greater
flexibility in welding and represent significant improvements over the weldi-hg
apparatuses of the prior art. ' ' . '

As noted above, the outer element 70 is made from an electncally
msulatmg material. This i is necessary because the inner element 68 is placed within
the current path through the welding gun 10. The currents can be quite large, on the
order of hundreds of Amps. Specifically, it is expected that the welding gun 10 may
be made commercially available in at least 200, 350 and 500 Amp models. Because
of these large currents, there may be a possibility that electrical energy may arc across
a gap, such as the annular gap 80 between a potential ground circuit, not shown, and
the inner element 68 of the locking nut 32. In order to reduce the probability of
arcing across the gap 80, an insulating member 82 is located within the gap 80. In an
exemplary embodiment, the insulating member 82 comprises a rubber O-ring
surrounding the locking nut 32 between the threads 46 and the annulus of the inner
elément 68. ' |

In addition to providing for relatively quick replacement of the body
tube 18, an embodiment of the invention also provides for relatively quick and easy
replacement of the cable liner 22. As stated earlier, a portion of the cable liner 22
may deteriorate during welding operation of the welding gun 10. This deterioration

tends to be concentrated at a distal portion of the cable liner 22 adjacent the contact
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tip 30 of the body tube 18, while the proximally located portions of the cable liner 22
may remain substantially intact. Thus, it may be more economical to replace only a
small, deteriorated portion of the cable liner 22 than to replaée the entire axial length
thereof. In addition, by replacing only a small portion of the cable liner 22, the down
time of the welding gun 10 can be reduced because the new cable liner 22 would not
have to be inserted through the entire length of the composite cable 14. The novel
welding gun 10 of the present invention has unique structures which allow this to be
done. _ . |
| As shown more clearly in Figs. 4 and 6, the welding gun 10 includes a
connection member 84 which releasably; couples the cable liner 22 in the composite
cable 14 with the jumper liner 36 in the body tube 18 such that the jumper liner 36
forms an operative extension of the cable liner 22. Accordingly, while the cable liner
22 within the composite cable 14 may be of the usual length, the length of the jumper
liner 36 may be only about the length of any body tube 18. Because the jumper liner
: 36 is so much shorter than the cable liner 22, the jumper liner 36 may be less
'expensive compared to the céble liner 22, and the time required to change the jumper
" liner 36 as compared to the ¢able liner 22 may be correspondingly reduced. This can |
reduce the down time of the welding gun 10, and may provide the user with
correspondingly increased revenues. '
The construction of the connection member 84 is shown in Figs. 4 and
6. As illustrated, the connection member 84 has a substantially cylindrical
conﬁguratioh, but it is to be recognized that other configurations are also possible as
long as the connection member 84 is insertable, in the illustrated embodiment, into
the through bore 34 in the body tube 18. The connection member 84 is preferably
made from a metal, such as brass, but other materials can also be used.

i The connection member 84 comprises a first portion 86 for accepting an
end of the cable liner 22 and a second portion 88 which accepts an end of the jumper
liner 36. The first portion 86 has an outer diameter larger than the outer diameter of
the second portion 88 and substantially equal to the inner diameter of the tapered
portion 56 and the cylindrical portion 58 of the body tube 18. This construction
allows the connection member 84 to be inserted into and fit relatively snugly within

the through bore 34 in the body tube 18. The first portion 86 has an inner diameter
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WELDING APPARATUS

ABSTRACT

An apparatus for welding a workpiece comprises a body tube having a tapered
portion defining a first angle, and an end fitting releasably connectable with the body
tube and having a tapered portion defining a second angle. The tapered portion of the
body tube is releasably connectable with the tapered portion of the .end fitting. The first
angle differs from the second angle by a distance sufficient for facilitating manual
separation of the tapered portion of the body tube from the tapered portion of the end
fitting. A liner has a first portion disposed within the end fitting and a second portion
disposed within the bod); tube. A connection member operatively releasably connects the
first portion of the liner with the second portion of fhe liner. A member is disposed on
the body tube or the end fitting for releasably connecting the body tube to the end fitting.
A positive stop member is formed the body tube or the end fitting for positively retaining

the member on the body tube or the end fitting.

Fig. 1




