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(57) Abréegée/Abstract:

A MIG welding gun has a diffuser with an external thread and a frusto-conical back ramp. A nozzle assembly includes an insert with
a back ramp and a thread that mates with the diffuser thread. The threads of the diffuser and insert have respective ramps that
mate. A single turn of the nozzle assembly on the diffuser causes simultaneous engagement of the insert and diffuser back ramps
and of the insert and diffuser thread ramps. Such engagement centers the nozzle to be concentric with the diffuser and also
produces a wedging action that retains the nozzle assembly on the diffuser until a relatively substantial reverse torgue Is applied to
the nozzle assembly. The nozzle front end has a narrow annulus, which reduces the amount of radiant heat from the welding arc

that reaches the nozzle.
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ABSTRACT

A MIG welding gun has a diffuser with an external
thread and a frusto-conical back ramp. A nozzle assembly
includes an insert with a back ramp and a thread that mates
with the diffuser thread. The threads of the diffuser and
insert have respective ramps that mate. A single turn of the
nozzle assembly on the diffuser causes simultaneous engagement
of the insert and diffuser back ramps and of the insert and
diffuser thread ramps. Such engagement centers the nozzle to
be concentric with the diffuser and also produces a wedging
action that retains the nozzle assembly on the diffuser until
a relatively substantial reverse torque is applied to the
nozzle assembly. The nozzle front end has a narrow annulus,

which reduces the amount of radiant heat from the welding arc

that reaches the nozzle.
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MIG GUN NOZZLE WITH REDUCED CRQSS SECTIONAL AREA AT THE FRONT

MWM -

1. Field of the Invention. This invention pertains
toweiding guns, and more'particuiarly to the nozzles and '
diffuseré of MIG weldin§ guns.

2. Description bf the Prior.Art. MIG welding guns
are composed of several components that must work together if
successful welding is tooccﬁr. In addition, for thegun to be
acceptablé to the welding'induStry, the various components must
be easy to assemble and-diéazsemble.

An éspecially-iméortant-welding gun component is the
nozzle, Wthh dlrects inert gas té shleld the welding arc from
atmospherlc‘a;r. The nozzle is part of a hozzle assembly, which
includes the outer tubular;ndzzle, a tubular insulator inside the
nozzie, and in some ééSes, a metal insert.inside the insulator
The nozzle has a front end that is unsupported and is close to
the welding arc. The nozzlé back end is retalned by the
insulator or insert to another gun domponent, such as a diffuser.
The diffuser is at the dbwnstream.ehd.of a head tube that extends
from the gun handle. A contact tip is connected Lo a downstream
end of the diffuser and 1s generally surrounded by the nozzle
front end. The inert gas flows_through an annular passage

between the nozzle front end znd the contact tip to the welding

aXC.

Prior nozzles assemblies can be classified in two

categories: slip-on, and screw-on. In a slip-on nozzle assembly
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design, a formed retaining sleeve or retaining rings are used

between the nozzle assembly and the diffuser. The diffuser may

"have grooves in an outer diameter that contain the retaining

sleevé or rings. Theretaining sleeve oOr rings create an
interferehce fit between theif-outer diameters and the inner
diameter_bf'the nozzle assembly. The nozzle assembly is forced
over theretaiﬁing sleeve o: rings to create a frictional force
that holdé'the nozzle assembly'to the difquer. The retaining
sleeve or rings do not.provide a solid connection between the
nozzle asSembly and the difquer sO as to maintain the nOézle

concentric with the diffuser and the contact tip. Eccentricity

- between the nozzle and the contact tip is detrimental, because it

e

causes uneven flow of the inert gas around'the contact'tip.ahd
welding arc. Another disadvantage of the slip-on nozzle assembly
design 1s that there-is.no way to positively'maintain the.nozzle_
longitudinally_in place on the welding gun. Positive retention
of the noZzle 1s especially important during rough usage, as, for

example, if an operator uses the nozzle to knock slag from the

workpiece. Maintaiﬁing proper longitudinal relationship between

tbe nozzle.and thecontacttip is necessary for satisfactory
welding.' In addition, in high'heat welding conditions, the
nozzle and.retaining-sleeve.or rings get hot, which can cause the
retaining sleeve or rings to soften and alléw the nozzle assembly
to fall off the gun.' :

A édrew~onnozzle‘assembly utilizes se§eralturns'of

threads to retain it on the diffuser. NOrmal.manufacturing
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tolerahcesof the threads allow lateral movement of the nozzle
from a true concentric position relative to the -diffuser and the
céntaét tip. A screw-on nozzle assembly normally has an
insulated flat end surface that abuts a flat surface on ﬁhe .

e

diffuser when the nozzle assembly is fully turned onto the

diffuser. Retention of the nozzle assembly on the diffuser

-depends on a hard stop between the abutting flat surfaces of the'

nozzle assembly~and diffuser. Removal of the nozzle assembly
from the diffuser requires turning it through'ali of the several
threads in engagement. In high heat conditioﬁs, the parts
diétort, and removél of the screw-on nozzle aésembly is
difficult. -

The welding arc is, of course, extremely hot. Some

heat from the arc transfers by radiation to the nozzle front end.

‘Such heat transfer to the nozzle is detrimental, as it is a major
- cause of metal distortion and softening of the nozzle material.

‘The annealing temperature of copper, the material from which some

nozzles are_made; 1s approximately 800 degrees F. It is highly
desirable that the-operating temperature of the nozzle assembly
be'well below that temperature in order that the.nOZZle maintain
its'strength and thus be able to withstand rough handling during
use. ' .

The heat in the.nozzle dissipates in several ways.
One way 1is for the heattoradiéte to‘the-atmosphere. Some of
the heat is carried'awaytby convection of air past the nozzie.

Additional nozzle heat is transferred by conduction through the

3
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diffuser and head tubé to the gun handle;

Under some conditions, particularly when the
teﬁperature difference ié greaterthan approxima£e1y300 degreés
F., heat can be tfansferred byradiation from the nozzle to the
contact tip. Consequently, a .hot nozzle can raise the
temperature of the contact'tip. A hot contact tip is
undesirable, because i1t has a shorter service life and-reduced
performénce compared to a cool contact tip. A cool contact tip
also minimizes heat transfer by conduction through the diffuser
and head tube to the gun handle..Accordingly,an important
benefit of é'cool nozzle-isgthat it tends to keep the contact tip

cool and it also keeps heat,distortion of the nozzle to a

minimum.

During the course of a welding operation, it is

sometimes necessary to replace the contact tip. To do so, it is

first necessary to remove the nozzle in order to gain access to

the contact tip. In a screw-on nozzle design, the operator must
turn the nozzle until it ad&anceS'off thé diffuser. Grabbing ﬁhe
hot nozzle with a gloved hand 1s cumbersome and potentiaily -
uncomertable, so it is highly desirable that thenozzle be ‘
removed as quickly'and easily.as possible. ‘However, standard
threaded connections between.the,nozzle,and diffuser~require that
the operator turn the nozzle through alltheéeveralturns of the
matingthreads before thenozzieadvances off the difquer. '

After replacing the contact tip, the'reverée,procedure of

,rethreading the hot nozzle On,the-diffuser-muSt be performed.
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Thus, furtherdevelopments are needed in MIG welding

albe

. guns.

Summary of the Inveptidn ' . ;

In accordance with the preeentjinvention,iaMIGgun
nozzlewith reduced cross~sedtional area at the front is provided
that has greatly improved thermal ahd'mechanical characteristics
compared'to prior guns. This is acdomplished.by'designing‘the
nozzle with.a'minimum;frontal area and'with ramps that center and
retain the nozzle on the-diffﬁser. ‘

The nozzle has front and back ends. At the back end
is a cylindrical tubular section with inner and outer diameters
aﬁd_a relatiVely-thickwall{ At the frontvend of the cylindrical
section is a hollow frusto~cenical'section. The frusto-conical
section has inner end'outer surfaces that conveige toward the
nozzle front end. At the junction of the cylindrical end frusto-
conical'sections,the-wall of'the frusto-conical section has the
same thickness as the wall oftthecylindrieal section,.and the
frusto-conical section inner surface is coincident with the
cylindrical eection inner diameter. The wall thickneSs of the

frusto-conical section at the:nozzle front end is less than the

wall thiCkness at the junction of the cylindrical and frusto-

conical sections such that the nozzle front end is a narrow

annulus.

In the preferred embodiment, both the thickness of

the nozzle front end annulus and the total length of the nozzle

5



CA 02366724 2002-01-08

_betweeﬁ its front and back ends aréwithinlimited ranges.
Further, the ratio of the nozzle length to the.aﬁnulus thickness
is also within a 1imited range. Ideally, the annulus thickness
is approximately*.dGS inches, and the ideal~ratio of nozzié

5 length to annulus thickness is aﬁproximately 50. .

The nozzleoftheinvention has a screw-on design.
In the préferred_embodiment, the nozzle is part of a nozzle
assembly that élso includes an insulator and an insert. The
nozzle assembly insert has an internal thread with a pitch of

10 only a few'threads~per inch. ' '

The-diffuser'haS-an external thread thatmates-wifh
the thread on,the nozzle assembly‘insert. Preferably, the
diffuser is designed such that thé nozzle assembly isg fully’
assembled to the diffuserbyonlyabout a single turn.$‘After the

15 nozzle assembly has advanced through the turn, the insert |
contacts a_stop on the,diffusér.’ '

Further in accordance'with the present inventioﬁ,
the nozzle is centered concentrically with the diffuser wheﬁ the
nozzle aséembly is fully assembled to the diffuser. For that

‘20 purpose, thediffuserstopxisfabriéated as an exterior frusto-
conical back ramp that makes a predetermined angle with the
diffusef longitudinal axis. There is an interior back\rampon
the nozzle assembly insert. The'inéert baék ramp is designed to
‘engage the back ramp-oh the diffuser when the nozzie is fﬁlly

25 assembled to thediffuser; In addition, there is a ramp on the

diffuser thread that is oriented oppositely as the diffuserﬂback

6
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ramp. Specifically, the flank of thé diffuser threadﬁbetweén the
thread root and tip is formed as a‘thread:xamp. ‘The angle that
the thread.ramp makes with the diffuser longitudinal axis is
preferably_equal to the~angle“that the diffuser back ramp makes >
with the diffuser longitudinal axis. The thread of the insert
has a rémp that is complimeﬁtary to the diffuser thread ramp.

Ifdesired,.the:insulator can be manufactured with
the intérnal threads and ramp.\“In that case, a separate insert
is not needed. —

As the nozzle aésembly’is assembled to the diffusér,
the insert thread ramp slideé around the diffuser thread ramp.
As the nozzle assembly approéches its fully'turnedcondition,~thé
insert back ramp approaches and‘then engages the diffuser back
ramp. A.slight torque on the nozzle produces a wedging adtion_Of
the insert on the diffusér; \The wedging-action oCcufs becausge of
the simultaneous engagement of the surfacé areas of the insert
thread:and back ramps Qith'the-surface areas of the diffuser
thread and back ramgs,respeétively;- Théwédging actiOnpéfforms
two simultaneous functions. First, the wedging action
automatically Centersfthe insert and nozzle aSsembly to be
concentric with the diffuser. Second, the‘wedging'action causes
the insert and nozzle assembiy to become tightly retained against
1oosening on the diffuser..'To release the nozzlé assembly, a
relatively substantial reverse torque must be applied.

During operation, the.nozzle'remains exceptionally

cool. The narrow annulus at the nozzle front end is practically

7
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the only place on the nOZz;e that is in a direct line of sight
with the welding arc. Consequently, only a minimal amount of

radiant heat from the welding arc reaches the nozzle. At the.

same time, the much larger areas of the outer surfaces of the

nozzleicylindrical-and.frusto-COnical_sections_that are in the

shadow of the arc allbw any\heat to escape by radiation and

convection. Consequently, the nozzle operates at a.relatively

cool temperature, which enhances both its performance and that of

' the contact tip.

Other advantages, benefits, and féatures of the
present invention will'become_apparent to those skilled in the

art\upon reading'the\detailed description of the invention.

Brief Description of the Drawings '

Fig. 1 is a cross-sectional view of a portion of.the
MIG gun'nozZle with reduced cross-sectional area at the front._

Fig. 2 is a view~taken along line 2-2 of Fig. 1.

Fig. 3*;3 a 1ongitudinal.Cross—sectional.view on an
enlarged scale of the insert used with the MIG gun of the present
inventién. \ \

Fig. 4 is an enlarged side view of thé diffuser of

the invention.

Detailed Description of the Invention
Although the disclosure hereof is detailed and exact

to enable those skilled in the art to practice the invention, the

8
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phySicai embediments herein'disclosed merely exemplify the
inventiOn,gwhich-may'be;embodied in-other speciftc structure.
The‘SCOpe of the invention is defined in the claims appended
hereto.

Referring first to Figs. 1 and 2, the outlet‘portion
1 of a MIG welding gun 2 is illustrated that includes the present-
invention. The welding gun outlet portion 1 is located at one
end 4 of a head tube 5 that isfpart of the welding gun 2. A
second end of the head tube 5 is secured te a handle of the-gun,
not shown but well known to petSOns,skilled in'the'art. Inside
the head tabe end 4 1s a tubular condﬁctor 7. ‘The head tube is
pressed over the conductor'7' with an electrically insulative
sleeve 9 between them' The 1hsulator sleeve 9 preferably has a
flange portlon 10 that lies agalnst the head tube end 4. An
1nsulat;ve ring 13 surrounds~the conductor adjacent the -
insulative sleeve flange portion 10. Inside the conductor is a
liner 15. The liner 15 has an interior 17 that is sized to guide

a weld wire 19 toward awworkpiece typically represented at

reference numeral 21.

The gun portionl further comprises a'diffuser 23.
The diffuser 23 has an upstream end .25, a downstream end 27, and
a bore 29. In‘the\difoSer-bOre-ZQ at the upstream end 25 are
internal threads 31. The diffuser screws onto the conductor 7 by
means of the threads 31, with the insuiative ring 13 squeezed
between the dlffuser upstream endand the 1hsulat1ve sleeveA

flange portlon 10. The dlffuser bore has a_ locatlng surface 39,
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which, as is illustrated in Fig. 1, may be frusto-conical in

shépe. The liner 15 has a downstream end 41 with a domplimentary
shape. Accordingly, the liner downstream end 41 is positively
located against the diffuser locating surface 39. There ére -
internal threads 33 in the diffuser bore at the diffuser
downstream end 27. .Acontact.tipBS.connécts to the diffuser

downstream end by means of the threads 33. The contact tip has a

‘hole 37 through it that guides the weld wire 19 from the liner 15

to the workpiece 21. The conductOr'7,-diffuser, and contact tip
define a common longitudinal axis 42.

A nozzle 3 surrounds the diffuser 23 and the contact
tip 35. In the illustrated construction, the nozzle 3“ié part of
a nozzle assembly 56 that also includes a'tubular'insert 73, and
an electrically insulative'insulator 75 between the nozZle and
the inSert. .However,‘in some applications the insulator and the
insert can be combined into a'single component made from an
electrically insulative material. The nozzlé, insert 73, and
inéulator 75 are pressed together, with the insert being at the
back end 77 of the nozzle. '

During operation of the MIG gun 2, an inert gas
flows in a downstream direction 43 from a welding ﬁachinethrough

an annular passage 45 between the conductor inner diameter 47 and

the liner 15. From the annular passage 45, the inert gas flows

to the diffuser bore 29 and'qut radial holes 49 into a second
annular passage 51 between the nozzle 3, the diffuser downstream

end 27, and the contact tip 35. The inert gas flows out the

10
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.welding gun, arrow 53, at the nozzle front end 54 to surround the

weld wire 19 and shield the weld wire 19 fromeatﬁbspheric air.

10

15

20

25

The particular nozzle 3 shown is comprised of two

sections: a tubular cylindrieal-back section 57, and a tubular

 frusto-conical front section 59. The cylindrical back section 57

has an inner-diameter 61 and an outer diameter 62 that are
substantially parallel for the length of the chindrical-section.
The frusto-cohical section 59 joins to the cylindrical section at
a junction 63. At the junction'63,”the‘frusto-cenical\section
has an outer surface 65 with an outer diameteri66 that is the
same aS‘ﬁhe cylindrical sectiOnfouter'diameter‘62. Alse, the

frusto-conical section has an inner surface 67 with an inner

'diameter_se at_the junction 63 that is equal to the inner

diameter 61 of the cylindrical section.
In the illuetratedconstructibn, the euter surfece

65 of the frusto-conical section 59 converges toward the nozzle
front endf54 at a steeper angle than the innef‘surface:67.
Consequently, the tbickness of the wall 69 of the nezzle frusto-
conical section 59 is.not uniform.between the junction 63 and the
nozzle frent end 54. Rather, the wall thickness decreases in the
direction of the nozzle front end. As a result, the nozzle front
end consists of a narrewannulus 71 having an outer diameter 72
and an.inner diameter 74.

- The-overall length of the nozzle 3 between its front
end 54 and back end 77 is preferably between approkimately 2.25

inches and 3.50 inches. The most preferred length is

11
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apprbximately'B.OO inches. The'thickness of the nozzle annulus
71 18 in:apreferred range of between_approximatély .065 inches
and .080'inches; In'any'event, the ratiéof the nozzle length to
annulus thickness is greatef'ghan 40; the ideal ratio is .

5 approximately 50. Pfacticalouter diameterS-fOr the nozzle rahge
fromapproximately .70 inches-to .90 inches.

The retention of the nozzle 3 on the diffuser 23
constitutes én important feéture of the present invention.
Retention is achieved by means of the nozzle assembly insert 73.

10 .Alsollooking at Fig. 3, the insert 73 has an outer diaméter 79
.that preéses against.the insulator 75, éh.inner diameter 81, a
back end 83, and a front'endss. There 1is an interior frusto-
éonical back ramp 87 atthe.intersection of the inner-diameter 81
andtheback‘end 83. The back ramp 87 makes anangle;A.withthe

15 insert longitudinal axis 89. A.preferréd angle A is
.approximately 30 degrees;  ’

: Near the front end 85 of the insert 73 is an
internal thread 91. The preferred pitch of the thread 91 is
_approximately',193 inches. Thethread 91 may have a drbss~

20 sectional formgenerallysimilarto a stub acme thrééd'form, if
desiredf The flank 0f the'thread that is toward the insert frént .
end 85 is taperéd at an'angle B relative to the insett '
longitudinal axis 89, thereby forming a thread ramp 93. It is
preferred that'theanglesA.and B are equai. For proper assembly

25 with the diffuser 23, the major diameter 94 of the insert thread

is slightly smaller than the inner diameter 81. 1In the design in

12
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which a separate insert is not used; the internal thread and back

ramp are fmachined directly into the insulator nedr the nozzle

| back end .77.

*Turning to Fig. 4, the diffuser 23 has a ciroular
flange 95 at the upstream end 25. The flange 95 intersects a
frusto-conical back ramp 97. The diffuser'back ramp 97 makes an
angle.Ai.with the diffuser longitudinal axis 99. The angle Al is
equal to the angle.A of.the'nOZZle assembly insert 73. The
dlffuser back ramp intersects a cylindrical outer dlameter 100
that is slightly smaller than‘the 1nner dlameter 81 of the insert

73. Between the diffuser upstream,end.and_downstream end 27 is

an external thread 101. According to one aspect of the

invention, the diffuser thread 101 has but a single turn. The
external thread 101 has the same pitch and thread form as the
1nternal thread 91 of the 1nsert 73 In addltlon, the_flank'of
the dlffuser thread 101 that is toward the upstream end is
tapered at an angle Bl relative.to'the’diffuser longitudlnal‘axis
93, thereby-creating a.diffuser thread ramp 103. The ahgle Bl is
equal to the angle B of the insert. It is preferred that the
angle Bl equal the angle Al of the diffuser back ramp 97. The

major diameter 105 of the dlffuser thread is slightly less than

the 1nsert inneyxr dlameter 81.

Returnlng to Fig. 1, the nozzle assembly.SG is shown

assembled to the diffuser 23. ' To do so, the insert 73 1s sllpped.

over the dlffuser downstream end 27. The insert back end 83 and

inner dlameter 81 pass over the diffuser thread 101 untll ‘the

13
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insert thread 91 contacts the diffuser thread. The hOZzle

assembly is rotated slightly, if necessary, until the insert and

diffuser:threads mate. 'From the point of initial mating, the
nozzle assemblyis further turned. Doing so causes the ihsert
ramp thréad 93 to‘bear against and folloW'the diffuser thread
ramp 103 and advance'the.nOZZle assembly until thé-surface area
of the insert back ramp87‘engagesithe surface area of ﬁhe
diffuser back ramp 97. As mentioned, the diffuser thread may
have a singlé turn. In that case, the diffuser and insert are so
dimensiohed'that the surface area of the insert back ramp engages
the surfaée area of the diffuser back ramp at thecombietion of ‘
one turﬁzbf the nozzle~assémbly on the diffuser. A slight:
additional torque applied to the nozzle assemblyproducéé a
wedging action of the insert on the diffuser. The wedging action -
is a result of_thesimultaneous engagemént of the surface area of
the inserf back ramp 87 with the.surface a?ea of the diffuser
back~ramp;97, and the mating of the insert thread ramp-93'with
the diffuser thread‘ramp103.. The wedging action of the iﬁsert
and diffuser back ramp surfacé areas causes the insert and thus
the nozzle assembly'to'remaih;firmly retained in{plaCe_on the
diffuser. The nozzle assembly'fémains firmly retainedon the
diffuser until a relétively substantial reverse torque is
intentionallyapplied'to.the nozzle 3. When thét oécurs, a
single reverse turn of the nozzle assembly is sufficient to
remove itffiom the welding gun 2;_ If desired, the diffuser

thread, and the diffuser and insert back rémps, can be

14
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_diménsionéd such that the insert back ramp engages the diffuser

back ramp at the completion of more or less than“one turn of the

nozzle assembly.
A second major benefit of the engaged ramps 87, 97

and 93, 103 is that they cause the nozzle assembly insert 73 to

automatically center on the diffuser 23 such that their

respective longitudinal'axé3i89 and 99 coincide with each other
and also:with the_comhon 1ongitudinal-axis'42. The passage 51
betweenithe-nozzle front end54 and the contact tip 35 for tﬁeu
inert gas is thus uniform;around_the'contaCtxtip, which is highly
beneficigl for both shielding the weldingiarc 55 and economy of
gas usagéf Moreover, the sﬁurdyandcentered reteﬁtidn of the
nozzle assembly 56 on the diffuser effectively.eliminates the
possibiiity'that the nozile front énd could drift towérd the
contact tip during use. . -

Thus, 1t is apparent that\there hés been.provided,
in accordancewith‘the invention,-a MIG gun nozzle with reduced
cross-sectional area at the frbnt that fully satisfies the aims‘
and advantages set forth above. While the inventiOn has been |
described in conjunction with spedific embodiments.ﬁhereof, it is .
evident%thét many alternatives,modificatiéns, and variations
will be apparent to those<8killéd in the art in light of the
foregoing description. .Accordingly, it is intended to embrace
all suchéalternatives, modifications, and Va:iations as fall

within the spirit and b;dad scope of the appended claims.

15
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The embodiments of the invention 1in which an exclusive
property or privilege is claimed are defined as follows:

1. A MIG welding gun comprising:

a. a head tube;

b. a conductor that protrudes beyond an end of the head tube;

¢. a diffuser having upstream and downstream ends and defining
a bore between the upstream and downstream ends, the bore adjacent
the upstream end having threads that screw to the conductor, the
diffuser further having an external thread of a predetermined
pitch; and

d. a nozzle assembly assembled to the diffuser comprising:

i. a nozzle having front and back ends and a predetermined
length, a cylindrical section adjacent the back end with a first
inner diameter and a first outer diameter and a first wall
thickness, and a frusto-conical section adjacent the front end that
joins the cylindrical section at a junction, the frusto-conical
section having inner and outer surfaces that converge toward each
other toward the front end, the frusto-conical section having a
second wall thickness at the junction with the cylindrical section
that 1s equal to the first wall thickness, the frusto-conical
section having a third wall thickness at the front end; and

11. means in the nozzle for mating with the diffuser thread.

2. The MIG welding gun claim 1 wherein the third wall thickness
is less than the first wall thickness.

3. The MIG welding gun of claim 1 wherein:

a. the nozzle defines a longitudinal axis;

b. the junction between the nozzle cylindrical section and the
frusto-conical section lies along a plane that is perpendicular to
the nozzle longitudinal axis; and

c. the frusto-conical outer surface converges toward the
nozzle front end at a steeper angle than the frusto-conical section
inner surface.
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4. The MIG welding gun of c¢laim 1 wherein the third wall
thickness is between approximately 0.065 inches and 0.080 inches.

5. The MIG welding gun of claim 1 wherein the ratio of the nozzle
predetermined length to the third wall thickness 1s greater than
40.

6. The MIG welding gun of claim 1 wherein the ratio of the nozzle
predetermined length to the third wall thickness is approximately
50.

7. A MIG gun nozzle comprising:

a. a cylindrical section having first and second ends and
inner and outer surfaces, and a first wall thickness, and defining
a longitudinal axis; and

b. a frusto-conical section defining a 1longitudinal axis
common with the cylindrical section longitudinal axis and having a
first end joined to the cylindrical section second end along a
junction that defines a plane that is perpendicular to the common
longitudinal axis, and a second end, the frusto-conical section
having a second wall thickness at the first end thereof equal to
the first wall thickness, and having inner and outer surfaces that
converge toward each other toward the frusto-conical section second
end, wherein the plane passes through an intersection of the inner
surface of the frusto-conical section with the inner surface of the
cylindrical section and through an intersection of the outer
surface of the frusto-conical section with the outer surface of the
cylindrical section.

8. The nozzle of claim 7 wherein the frusto-conical section outer
surface converges toward the frusto-conical section second end at
a steeper angle than the inner surface.

9. The nozzle of claim 7 wherein the frusto-conical section has

a third wall thickness at the second end thereof that is less than
the second wall thickness.
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10. The nozzle of claim 7 wherein the third wall thickness 1is
between approximately 0.065 inches and 0.080 1inches.

11. The nozzle of claim 7 wherein the ratio of the distance
between the cylindrical section first end and the frusto-conical
section second end to the third wall thickness 1s greater than 40.

12. The nozzle of claim 7 wherein the ratio of the distance
between the c¢ylindrical section first end and the frusto-conical
section second end to the third wall thickness is approximately 50.

13. Apparatus for welding a workpiece comprising:

a. a diffuser that defines a longitudinal axis;

b. a contact tip connected to the diffuser;

c. a weld wire passing through the diffuser and the contact
tip-for producing an electric arc at a workpiece; and

d. a nozzle defining a common longitudinal axis with the
diffuser longitudinal axis and substantially surrounding the
diffuser and the contact tip and having a front end proximate the
welding arc, a back end, a cylindrical section with an inner
diameter adjacent the back end and with inner and outer surfaces,
and a frusto-conical section adjacent the front end that joins to
the cylindrical section at a junction that lies in a plane that is
perpendicular to the common longitudinal axis, the frusto-conical
section having inner and outer surfaces that converge toward each
other toward the front end, the cylindrical section having a first
wall thickness between the back end and the junction, the frusto-
conical section having a wall adjacent the junction that has a
thickness equal to the first wall thickness and a second wall
thickness at the nozzle front end, wherein the plane passes through
an intersection of the inner surface of the frusto-conical section
with the inner surface of the cylindrical section and through an
intersection of the outer surface of the frusto-conical section
with the outer surface of the cylindrical section.

18
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14. The apparatus of claim 13 wherein the nozzle outer surface

converges toward the front end at a steeper angle than the inner
surface.

15. The apparatus of claim 13 wherein the frusto-conical section
inner and outer surfaces terminate in a narrow annulus having an
inner diameter less than the nozzle cylindrical section 1nner
diameter,

so that heat radiated to the nozzle from the electric arc
is minimized.

16. The apparatus of claim 13 wherein the second wall thickness
- is less than the first wall thickness.

17. The apparatus of claim 13 wherein the second wall thickness
is between approximately 0.065 inches and 0.080 inches.

18. The apparatus of claim 13 wherein the distance between the

nozzle front and back ends is approximately 50 time greater than
the second wall thickness.
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