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(54) Title: STRAIN RELIEF ASSEMBEY FOR WELDING CABLE

(57) Abstract

A strain relief assembly (60, 60°) reduces bending of a welding cable (26) which delivers welding wire (38), gas, and electricity
from a welding machine (30) to a welding gun (24) and includes first (62) and second (64) strain relief elements surrounding and extending
along the welding cable (26) for supporting and providing strain relief to the cable (26) and.a connector (66) attaching the strain relief
elements (62, 64) to the machine (30) and/or the gun (24), The first strain relief element (62):extends a first distance from the connector
(66) for suppomng the cable (26), reducing bending of a first portion of the cable (26) positioned inside the first strain relief element (62).
The second strain yelief element (64) extends a second distance, greater than the first distance, from the connector (66) for supporting the
cable (26) and the first sttain relief element: (62), thereby reducing bending of the first portion inside the first strain relief element (62) and
a second portion of the cable (26) inside the second strain relief element (64).




gun, and a conduit for delivering welding wire to the wel di ng gun. 25
As the wel di ng operator manipul ates the, wel di ng gun over the

wor kpi ece, the wel ding cabl e connecting the wel di ng gun to the wel ding
machi ne bgﬁﬂ swa63ge€ Cable also . Dbends under its own wg Begause the
wel di ng machine 1s a stationary unit, the cable tends to bend nost
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Gas metal arc weld:.ng {"GMAaW", also known as
"metal, inert-gas" welding or "MIG" welding) is used to
join pieces of metal. GMAW is performed using a welding
system comprising a welding machine and a welding gun
joined by a welding cable. The welding machine feeds
welding wire through the welding cable to the welding gun
which is held adjacent a workpiece. The machine also
delivers electricity to the welding gun for producing an
arc between the wire and the workpiece to melt the wire
into a molten pool of metal for joining the pieces of
metal. In addition, the machine supplies inert welding gas
to the welding gun to shield the molten pool of metal from
the atmosphere. The welding cable includes electrically
conductive wires for delivering electricity to the welding
gun, a hose for delivering inert welding gas to the welding
gun, and a conduit for delivering welding wire to -the
welding gun.

As the welding operator manipulates the welding
gun over the workpiece, the welding cable connecting the
welding gun to the welding machine bends. The cable also
bends under its own weight. Because the welding machine is
a stationary unit, the cable tends to bend most sharply at
the end where it enters the machine. The cable also tends
to bend sharply at the end adjacent the welding gun due to
the movements of the operator.

When the welding cable bends, the drag between
the welding wire and the inside surface of the conduit
increases. If the cable is bent too sharply, the drag
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gas tb t he wor kpi ece may becone pinched, thereby reducing 10 wel ding gas

flow to*'the workpiece. |If the gas flowrate is reduced too nuch, the
nol ten netal nay becone exposed to the atnosphere resulting in an
inferior Weldsuesdfr eover, excessive repeated bendi ngpeapisssiissd t he
electrical wres I nside the cable to fatigue and break causi ng

I ncreased 15 electrical resistance and heat generation in the cable. If
t he heat generated becones too great, the perfornance of the wel di ng
gun is decreased and the gun rray mal faincti on. In the past,
strain relief assenbli es have been attached tQ the_cable where it
enters the wEPEFRGOBURPENHIB® Wikl R TRItHSRE osgﬁ’ﬁpé'r?‘? phEecEeee and
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spring which _sur £OuFasterr§F 1ecs eeye%eco&?hégnggéang&eatr rnet%h not as

stiff as the92® §°SO not —sup bl e as
wel | . Rt heelding gg9 ifdgy tenkhe &Q?&Péﬁcgn st rthengra Wmtécﬁ-g maki ng

the cabl es diftheslt tbe #E€h, Sthé |mdltdihalietal may Neduel REpoBadeta
relatively l%&xge a% E)%phé?é gresz?ltz.él in an inferior weld. Moreover,
excesgssive repeated bending can cause the electrical wires
inside the cable to fatigue and break, causing increased

15 electrical resistance and heat generation in the cable. If
the heat generated becomes too great; the performance of

the welding gun is decreased and the gun may malfunction.

In the past, strain relief assemblies have been

attached to the cable where it enters the welding gun and

20 welding machine to support the cable and reduce bending.
One such strain relief comprises an elastomeric sleeve
which surrounds the cable. These sleeves are generally
stiff when new causing the cable to bend mdre sharply where

it enters the sleeve, thereby defeating, at least to some

25 extent, the purpose of the sleeves. Further, these sleeves
lose their resilience over time, due to heat and fatigue,

and eventually take on a permanent set which induces
bending in the welding cable. Still further, these sleeves

are susceptible to tearing which allows i:he cable to bend.

30 Another type of previously-used strain relief assembly
comprises a resilient coil :spring :whiéh surrounds the
cable. These springs are generally not as stiff as the
elastomeric sleeves so they do not support the cable as
well. Further, the springs tend to catch on surrounding

35 objects making the cables difficult to use. Still further,
the springs have a relatively large pitch (e.g., 0.250
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3 ., i'nch) which increases their tendency to catch on

surroundi ng obj ect s. Summary of the Invention Anmong t he
several oRjgdaisgagend features of the 5 present inventionpd@ysopfs2ndt €d t he
provi sion of strain relief assenbly which reduces bending of a welding
cabl e; t he provision of such an assenbly which increases the

service life of the cable; the provision of such an assenbly which

reduces weld wire chatter and drag i1 the 10 cable; the provision of such
an assenbly ch r pf cp nents formng .the cabl e; and
the provisid g%cgucﬁnﬁﬁeﬁ %%nbggeﬁﬁlcﬁmgﬁﬁgﬁbor%ﬁes S8 mAPstiffness
BN areaurnéumﬂwngnnhjamhglng Briefly, apparatus of this
invention is a strain 15 relief assenbly for reducing bending of a welding
cabl e used to deliver mel wire, welding gas and electricity
froma wel d i Q-1e g gun for welding a wor kpi ece. The
assenbly conprlses flkmnngnmhsesewnkamrebjects anéd| fedtwtereaf sthearr oundi ng
and_ext gndi BeegLafd 1hientEbel fdy2Ge AR ! Ofc apafiéi&g 824 gRtayhdi Ny
to_the ca

strain reli [ he asse SO _comprises
connector ¥gtief as%??%&%nWﬂ}qhu¥§9PF§Fnb?%¢*¥ﬁ A triding gp F%ast one of
t he maehenervdsiba gufh. sucHherf | asdentdlyai whiel | ¢hceéssemnt the
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assembly which reduces weld w:Lre chatter and drag in the

10 cable; the provision of such an assembly which reduces
fatigue of components forming the cable; and the provision
of such an assembly which incorporates maxihum stiffness in

~ areas of maximum loading.
Briefly, apparatus of this invention is a strain

15 relief assembly for reducing bending of é welding cable
used to deliver welding wire, welding gas and electricity
from a welding machine to a welding gun for welding a
workpiece. The assembly comprises first and second strain
relief elements surrounding and extending along the welding

20 cable for supporting and providing straiﬁ:relief to the
cable. The assembly also comprises a - connector for
attaching the strain relief elements to at least one of the
machine and the gun. The first strain relief element
extends a first distance from the connector for supporting

25 the cable. Thus, the first element reduces bending of a
first portion of the cable positioned 1n81de the first
strain relief element. The second straln rellef element
extends a second distance, which is greate gthan the first
distance, from the connector for supportlng the cable and

30 the first strain relief element. Thus, th’fsecond element
reduces bending of the first portion pOSItloned inside the
first strain relief element and a second portlun of the

cable 9091tloned inside the second straln_'ellef element.
In another aspect of the 1nventlon, the strain
35 relief assembly comprises a strain reliefi:unit having a



first portion of the cable positioned inside the first strain relief

el ement: The second strain relief elenent extends a second di st ance,
which is greater than the first di stance, fromthe connector for
suppor ti ngwd\Rueabl € and 30 the first strain relief el ep@fsesinssis!s, the
second el enent reduces bending of the first portion p05|t|oned I nsi de
t he first strain relief elenent and a second portion of the cabl e
positioned inside the second strain relief elenent. | In

anot her aspect of the invention, the §train 35 relief assenbly conprises a
Eth-?lugg rsfgllgf@g.%glatgehgﬁlergthrough for reg\gz.\?%{xé 6t A w_g_ldiﬁgsggl@@ + h&b&t hr ough

for recei vi ngqidilte iwehdapioed ddre subpert ing usmd pmvddapgedtfﬁn wyldedt i ng and
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connector for attac % str east -one of the 5
machi ne and tt&aghingThbes F&Pﬁnrgﬁ éFquP%thﬁg atf ikegpt onecrd Aeacent
t he connext ormaaina aadortleogposi t Fhendtsaimedelief fumit thes gorfieetor. The
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first end to tion interne | st secon and a
10  second H%ﬁﬁiﬁbes??ﬂﬂﬁﬁ£9¥ | The q9%£1hﬁﬁeaf$¥¥ﬁt Pending stifIngser f ness
in a second riggi an FidsAndregidn oextaadingi ifrdm the first end to a

position intermediate the first and second ends, and a
10 second bending stiffness less than the first bending

stiffness in a second region extending from the position
intermediate the first and second ends to the second end of
the unit.
In yet another aspect of the present invention,
15 . . the assembly comprises a-plurality of .overlapping strain
relief elements having different lengths surrounding and
extending along the welding cable for supporting and
providing strain relief to the cable. Therefore, the
elements reduce bending of a portion of the cable
20 positioned inside the elements. |
Other objects and features of the invention will
be in part apparent and in part pointed out hereinafter.

Brief Description of the Drawings
Fig. 1 is a schematic elevation of a welding
25 machine and a welding gun connected by a welding cable
having a strain relief assembly of the present invention at
each end for reducing bending of the cabie;.
Fig. 2 is a fragmentary elevation in partial
section of a first embodiment of the strain relief assembly
30 of the present invention shown with a fraémentary elevation
of a welding gun; |
Fig. 3 is a cross section of the first embodiment
of the strain relief assembly taken in the plane of line 3-
3 of Fig. 2; |
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Fig. 6 1is a cross section of the second
embodiment of the strain relief assembly taken in the plane
of line 6-6 of Fig. 5;

Fig. 7 is a partial fragmentary cross section of
the second embodiment of the strain relief assembly taken
in the plane of line 7-7 of Fig. 6; and

Fig. 8 1is an elevation of . a welding cable
assembly having the first and second embodiments of the
strain relief assembly of the present invention at opposite
ends for reducing bending of the cable.

Corresponding reference characters indicate
corregponding parts throughout the sevetal views of the
drawings.

Detailed Description of the Preferred Embodiment

Referring now to the drawings_ahd in particular
to Fig. 1, a GMAW system is generally designated by -the
numeral 20. The system 20 comprises a welding machine, a
welding gun and a welding cable (gene:ally designated 22,
24 and 26, respectively) connecting the weiding machine and
the welding gun.

The welding machine 22 includes a welding power
source 30 for converting alternating wcurrent from an
external power supply 32 to direct current, a high pressure
gas cylinder 34 for supplying inert weldlng gas, and a
spool 36 of welding wire for supplylng weldlng wire 38 to
a workpiece W via the welding cable 26.and welding gun 24.
The welding machine 22 also includes'é.Wi:é'feeder 40 which
unrolls the welding wire 38 from the spool 36 and feeds it



5 Fig. 4 is a partial fragnentary cross section of t he

first., enbodi ment of the strain relief assenbly taken in t he pl ane of
line‘4-4 of Fig. 3; Fig. 5is a fragnmentary elevation in
partial 5 U&ﬁﬁ l.on of a second enbodinent of the strgi L ef
assenbl y o?’t ekggesent i nvention shown with a fragnenta#?hﬂxw&g#%ﬁation of
a wel di ng nmachi ne; Fig. 6 is a cross section of the second
enbodi ment of the strain relief assenbly taken in the plane 100 of line
6-6 of Fig. 5; Fig. 7 i& a partial fragnentary cross section
of .the second enbodi nent of the strain relief assenbly taken in

the pl ane of thrpegh-themwedddngscahhey 26 at a generallyigpnagapns ¥atel evation
of a wel di ngacatilgh Ipressinzenhdye hazi meltiberki melldang ReONEh@beds nents of

t he strajn. ' S I .1he present ipvention at opposite
ends for redgg?ﬁ{ég%iéﬁ‘iﬁ ﬁ:;o 0 tﬁg?énéﬁgeg&le 2. '2 Pressursy Fsgﬁgﬁﬁ?’ﬁg
reference cRAraeurted amdbeac¥linder Gt entdedEngheafkay ofr wedfibng t he

sFa)ereral gig a8f stipp126a télrené Ngsiding cablleetad.| eddReseli piieg 26, the
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part i cul ar :;?g'eg;“ﬁ e hecRipiys %ﬁ%ﬁeﬁ%ﬁé&ﬁ#w@%ﬁﬁ%ﬂfﬁ”-t he
nunmer al 20. e s 20 ségnpt | from veldtnganh Aé, ta ihag gun
and a vel di ngaeabhe teepesst | andestgpatind Soply of XA iedry! egRECtively)

connecting tggdmgggagggq3££gr§%iygjresponggetgeéggﬁgtfgﬂlof a trigger
10 48 on the gun. A ground clamp assembly 50 completes the
electrical circuit between the workpiece W and the welding
machine 22 to develop an electrical arc from the tip of the
welding wire 38 to the workpiece. The construction and use
of the welding system 20 described above is conventional

15 -and will not be explained in further detail.

As illustrated in Pig. 2, a first strain relief
assembly, generally designated 60, is positioned adjacent
the interface between the welding cable 26 and welding gun
24 for reducing bending of the welding cable. The first

20 strain relief assembly 60 comprises an élastomeric sleeve
(generally designated 62), a resilient coil spring
(generally designated 64) extending generally coaxially
with respect to the sleeve, and a connéctor (generally
degignated 66) for attaching the sleeve énd spring to the

25 welding gun 24. The sleeve 62 has a generally tubular body
70 with a flange 72 (Fig. 4) at one end fSr connecting the
sleeve to the connector 66 and a rim 74€§t its other end
for reinforcing the sleeve to prevent'it from tearing.
Although other materials are envisioned as being within the

30 scope of the present invention, the sléévé 62 of the first
preferred embodiment is made of Santoprene® thermoplastic
elastomer. Santoprene is a U.S. federally registered
trademark of Monsanto Company of St. Lcuig, Missouri. 1In
addition, the sleeve 62 of the'first p?éférred embodiment

35 has a length of about 2.65w3;00-inches;'aﬁ'inside diameter
of about 0.78-1.10 inch and a wall thickness of



The wel di ng machi ne 22 includes a wel di ng power source 30 for
convertirng alternating current froman 30 external power supply 32 to
direct current, a high pressure gas cylinder 34 for supplying inert

wel ding g n spool 36 of welding wire for sup ding wire
38 to aﬁ%’&%ﬁ%ﬁiece Wvia the welding cable 26 and megg¥ng dﬁ%k24

The wel di ng machi ne 22 also includes a wire feeder 40 which 35 wunrolls the

wel ding wire 38 fromthe spool 36 and feeds it WO 98/ 46389
PCT/ US98/ 04235 7 6 t hrough the wel di ng.
cable 26 at a generally constant rate. A high pressure hose 42 delivers

wel di ng gas dppooxtimetely OyPi7n@el2 34nch;t howewkdi ngtcald ece@Gisiohetk essure

regulator  ep A4 mwe%d h@mhaeoenéfna%eéélsﬂéﬂapé saiéu% Wi rOfeneel ding 5
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| di n ext endi
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from t he welttiatythensleevs thicknebdimay vary shohg nis desgahtwmhsbtﬂ:t op the

supply of e'@éﬁarft%tgyfrsﬁsfahe sco'ﬂéd o\rehﬁenar%éﬁ: 3&+éamrl%5ponse to
actuation of trigger clapp assenbly 50

conpl et es the el 3“6‘Fr F‘B‘é?‘n%l %u?‘?sbﬁt R@é}n ?ﬁeteﬁbgkp?éc%anadﬁd’q he
wel di ng tamentiall? foowmlewsd emdanfetbet coihlfaar enbpagimg hiehd igndof t he

of the sleeve 62 to prevent the spring from moving away

from the connector 66 through the sleeve. It is envisioned

10 that other configurations, such as a larger diameter wind

near the end of the spring, may be used to prevent the

spring from moving away from the cdnnector without

departing from the scope of the present invention.

Although other materials are envisioned as being within the

15 scope of the present invention, the spring 64 of the first

preferred embodiment is made of nickel-plated spring steel.

The wire used in making the spring 64 of the first

preferred embodiment has a diameter of about 0.07-0.08

inch. Further, the spring 64 of the £first preferred

20 embodiment has a length of about 5.37-6.00 inches, an outer

diameter of about 0.84-1.04 inch, and a coil pitch of about

0.125 inches. This relatively small pitch reduces the

tendency of the spring 64 to catch on surrounding objects.

The connector 66 has an internal shoulder 78

25 (Fig. 4) for engaging the flange 72 of the sleeve 62 to

attach the sleeve to the connector so the connector is

freely rotatable relative to the sleeve. As illustrated in

Fig. 3, the connector 66 has opposing internal lugs 80

engageable with conventional bayonet grooves 82 (Fig. 2,

30 only one is visible) in the end of the welding gun 24 to

attach the strain relief assembly to the gun. The

connector 66 also has ridges 84 (Fig. 2) formed on its

exterior for gripping the connector when engaging and
disengaging the lugs 80 and grooves 82. _

35 As will be apparent to those skilled in the art,

the sleeve 62 and spring 64 act as a unit having a passage



welding wire 38 to the workpi ece. The construction and use of the

wel di ng' system 20 descri bed above is conventional 15 and wil|l not be
explained in further detail. As illustrated in Fig. 2, a
first strajdsRkdsst assenbly, generally designated Gy j tioned
adj acent the' I nterface between the wel ding cable 26 angks\%/se’{%ca{?dng gun

24 for reducing bending of the welding cable. The first 20 strain relief
assenbly 60 conprises an el astomeric sl eeve (general |y designated 62),
a resilient coil spring (genera8ly designated 64) extending generally

coaxial ly th respect_to the sleeve, and a connector (generally
desi gnated 86) tgﬁi‘“e‘é}(‘?%’:ﬁ P4 Feceivdng the sphleiRs ¢a MEpSTtwEbsi ng gun
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PCT/ US9® 04%b8 region of the sleeve, both the sleeve and spring

support the cable in this region. However, only the spring

64 supports the cable 26 in a region where the sleeve and

spring do not overlap.

The loading on the cable 26 is greatest adjacent

15 the welding gun 24. The overlapping arrangement described
above provides the strain relief apparatus 60 with a
greater bending stiffness in the region where the sleeve 62
and spring 64 overlap than in the region where they do not
overlap. Therefore, it will be apparent to those skilled

20 in the art that the stiffness of the apparatus 60 is
greatest where the loading is greatest and less where the
loading is 1less, so that bending in the cable 26 is
reduced.

In order to understand the importance of reduced

25 bending in the cable 26, it is necesgsary to understand the
construction of a conventional welding cable. As
illustrated in Fig. 3, the cable 26 includes an outer
casing %0, which protects a plurality ‘of twisted copper
wires 92 for delivering electricity to the welding gun 24.

30 The casing also protects four shielded control wires 94 for
delivering electrical signals from the trigger 48 to the
control wires 46 on the welding machine 22 to start and
stop the supply of electricity, gas and welding wire 38.

A hose 96 is positioned inside the wires 92, 94 for

35 delivering inert welding gas from the welding machine 22 to

the welding gun 24 to shield the molten metal from the



7 approximately 0.07-0.12 inch; however, it is envisioned t hat

sl eeves havi ng other dinensions are also within the scope of the
present invention. Further, it is envisioned that the sl eeve thickness
may vary ' |l ength without 5 departing fromthe e

pr esent I%ﬁ?ﬁ%ﬁ? The spring 64 has a tail 76 i‘z‘lj%;.'shB)

ext endi ng .tangentially fromone end of the coil for engaging the end
of the sleeve 62 to prevent the spring from novi ng away fromthe
connector 66 through the sleeve. It 2s envisioned 10 that other
configurations, such as a_|larger, dianeter wind, near_the end of the
spring, mayabeosRlRre o pr dPentddieion, &prifdgxibben eRANWEtand§ fi®m t he

connect or \A%bbﬂtlioned et iingelrion bhethe Opesofod o Igusanhgi tNeNt i on.
Al t hough ot

e rd.al s qar nyy. Si S _bhein ithin the 15_.scope of
t he presentw %@ﬁé |e“63'r?:ae t%ﬁefgﬁrr%i %ﬂéééger%%r‘%nénaf%h*g?%é n:°pr'%‘ree|"’Fli.81%‘oodi ment
i s made of gﬂnkéé—plated spring steel. The wire used in naking the
gpg I7 ng gg of the L l rsrihléan thef %Ebg.éedseﬂ_boﬂéxgﬁﬂt?ﬁ@ﬁiﬁ _ mméeﬁf@ﬁeagogg
.07-0. Lnch. . Furthper SPEi of_t irst prefegre

embodi ment HEEAHY o YGF o%gaﬁﬁﬁ% g&ﬁ?-%?ﬁ%r+%%h§§; gheodf i 5%ianeter
of about 0. 8acgedsles nchif sihe adlvegi begomen beoabigh, the drag2Sormeses.
Thlshrel ati ygl Hh%ﬁ&ife %!Bt willedheesmitiently s%%ﬂdﬁﬂ&wzﬂfe tf*a%gs%&@g 64 to
catch on surroundi ng, obj ects. connect or as_an
i nternal sh88l otg?e 785% w"%‘ii o) Tegd éﬁﬁ‘&&b‘?ﬁgeﬁhﬁe £ ezgz 3t The sl eeve
62 to 10 ebbatént ats gaveing pdwyr eeddeduality. t Netcomliecoes the
freel yt rot g%@ﬁhﬁuﬁe}@di!dée o_tfochbealéﬁﬁsvcef A icabyst .’é@téﬁtéld?: drag &h9. 3, the
connect or as osing interna S ageabl.
convent i onthSaV%ffgfn%r e§%85rTﬁ££gf q%ﬁ"m@m gﬂgn °R EH& gsbl BYtin the
end of the wdbdi nge gugtdd4 amgunt of curvature along the cable affects

drag. By increasing the minimum radius of curvature and

15 decreasing the total amount of curvature,: drag. is reduced
between the welding wire 38 and conduit 98, resulting in a
higher quality weld.

In addition, the wires 92, 94 inside the cable
bend each time the cable 26 is bent. Eventually, the

20 strands of the wires 92, 94 break due to fatigue caused by
cyclic bending. After the wires 92 break, the electrical
resistance through the wires, and therefore the heat
generated by current passing through the wires, increases.
Eventually, the heat will become too great and may reduce

25 the performance of the welding gun 24 and cause the gun to
malfunction. In addition, if the control wires 94 break,
the welding machine 22 will not supply electricity, welding
gas and welding wire to the gun 24. '

gtill further, as the cable 26 is bent, the hose

30 96 is bent which reduces the cross-sectiqhal area of the
hose and the gas flow rate through the hoée; If the bend
in the cable 26 is too sharp, the flow rate may become too
low to shield the molten metal from the atmosphere, thereby
producing an inferior weld.

35 In the first preferred embodiment, the length L1
is approximately 2.2 inches and the length 12 is



attach the strain relief assenbly to the gun. The connector 66

al so.has ridges 84 (Fig. 2) forned on its exterior for gripping the
connect or when engagi ng and di sengagi ng the lugs 80 and grooves 82. 35
As will beppiiesgt to those skilled in the art, th and
spring 64 act as a unit having a passage . WO ggl;?lé‘g%g&zg

PCT/ US98/ 04235. 8 86 t herethrough for
receiving the cable 26 to support the cable and provide °‘strain
relief to the cable. As i WOustrated in Fig. 2, the sleeve 62 has
a length L1 extendjng a first distance fromthe connector 66 to reduce

5 bendi ng @PPEOKLMateLHr i dninFhate cAbl WihbsPEi GREATERS| §@ thosene
sl eeve. Ligkawiled, ihhehspartgtibet hetse aslewnagd 62. 2nd spingndiungogmsecond
o ance, | SRR SE LA Dk htoneo MO 08 oo % JEGR"AE0T |1 07 O
spring 64 ordppapting1endt REoviging sFrair zebisk topbhe cpbls| @6ve and
spring s wgpaﬁwl tbethabdredve 6f2i anaeebmtnng Fb?!\eﬂ&luc:;dfﬁéh&ihgs a&r inngOIO
ggt sgegglr;;tthee cca%liee 2266‘ 'ﬂlﬁéf%;g%&hgég% heggc%gﬁgggg itsc,> &‘E&Fgg‘? agj acent
disadvantages of prior art strain relief assemblies. For
instance, because of the relatively close fit between the
outgide of the spring 64 and the inside of the sleeve 62,
10 the spring distributes loads on the sleeve caused by the
cable 26 to reduce the potential for tearing. Further, the
resiliency of the spring 64 acts to remove or reduce any
set which occurs in the sleeve 62 over time. Still
further, the sleeve 62 covers the spring 64 to reduce the
15 likelihood of the assembly 60 being caught on objects and
hampering the operator’s movements.
To further reduce the likelihood of the assembly
60 being caught, it is envisioned that the sleeve 62 could
extend the entire length of the spring 64 without departing
20 from the scope of the present invention. Likewise, it is
envisioned that a jacket (not shown) may be installed over
the spring 64 to reduce the likelihood of the assembly 60
being caught on surrounding objects during use.
Fig. 5 illustrates a second embodiment of a
25 strain relief assembly, generally designated 60‘, for
reducing bending of the welding cable 26. This assembly
60’ 1is positioned adjacent the interface between the
welding cable 26 and welding wmachine 22 to reduce bending.
Because the loadihg is greater adjacent the welding machine
30 22 than adjacent the welding gun 24, the dimensions of the
second assembly 60’ are generally larger than those of the
first assembly 60. The second strain relief assembly 60’
comprises an elastomeric sleeve (generally designated 62'),
a vresilient coil spring (generally designated 64')
35 extending generally coaxially with respect to the sleeve,
and a connector (generally designated 66’) for attaching



15 the welding gun 24. The overl appi ng arrangenent descri bed above

provides the strain relief apparatus 60 with a greater bending
stiffness in the region where the sl eeve 62 and spring 64 overlap than
in the regi,89syiagy € they do not overl ap. Therefore, ppyédshoszige
apparent to tﬁose skilled 20 in the art. that the stiffness of the
apparatus 60 is greatest where the loading is greatest and | ess where
t he | oading is less, so that bending in the cable 26 is - reduced.
In order to understand the inportandad of reduced 25 bending in the cable
26, it is necessary to understand the construction of a

convent i onatthenslgeNg agdopering pa the welding @wed4-n [igilar tRe cable
26 includes tae @meéﬁref 62 o@?&hégfﬁﬁst}/@ﬁxbbdi}ﬁéﬁtﬁc'&ﬂleﬁ aneulﬁral 6y of twi sted
copper ires 92 Lyer] e Lehty. 1o e | Ng 24. 30
The casing o%?%?%c%‘gbﬁ%’tﬂnre ghiil%?c?eg%g%%?g% tvﬁtbruétgrgﬁgg%?}dl wg'lﬂgel I vering
el ectrical < §Aangef7am Mg+ Mggbrone end gy connegbing dihenislesvas on t he

vel di ng grachicnerR toogictidorands’ .  aheRohfe LHHYYY Ricelngld | ahky, gas
and wel ding wre

_ .38 Aose 96 s positioned inside the Wi T es 92, 94
for 35 del SPYAEAGREHer3° Wiy TR o Phe SR S ngla i A& P50
t he wel di ng igmenzdone skhel dsipeverp| 62h nef al the onsed¢and preferredn\p
98/ 46389  embodiment is made of Santoprene® tHReholPRSEIE 2 ustomer.
9 In addition, the sleeve 62’ of the second preferred

10 embodiment has a length of about 5.1 inches, an inside
diameter of about 1.07 inch and a wall thickness of
approximately 0.12 inch; however, it is envisioned that
sleeves having other dimensions are also within the scope
of the present invention.

15 The spring 64’ has a tail 76’ (Fig. 6) extending
tangentially from one end of the coil for engaging the end
of the sleeve 62’ to prevent the spring from moving away
from the connector 66’ through the sleeve. 2aAs with the
spring 64 of the first embodiment, it is envisioned that

20 other configurations, such as a larger diameter wind near
the end of the spring 64’ of the second embodiment, may be
used to prevent the spring from moving away from the
connector 66’ without departing from the scope of the
present invention. Although other materials are envisioned

25 as being within the scope of the present invention, the
spring 64’ of the second preferred embodiment is made of
nickel-plated spring steel. The wire used in making the
spring 64’ of the second preferred embodiment has a
diameter of about 0.08-~0.10 inch. Further, the spring of

30 the first preferred embodiment has a length of about 13.75
inches, an outer diameter of about 0.99-1.04 inch, and a
coil pitch of about 0.125 inches. This relatively small
pitch reduces the tendency of the spring 64’ to catch on
surrounding objects.

35 The connector 66’ has an internal shoulder 78°
(Fig. 7) for engaging the flange 72’ of the sleeve 62’ to



at nosphere. In addition, a flexible conduit 98 is positioned in

the interior of the hose 96 for guiding the welding wwre 38 fromthe
wel di ng machine 22 to the wel ding gun 24. 5 When the cabl e
26 is ben rag between the. wel ding wire 38 and ' i or of

t he condui og@f&sﬁ I ncreases. |If the drag. becones too hi 5&%&8@%&@ forces
on the wire 38 will intermttently slowthe wire feed rate so the wire
will not feed through the cable 26 at a 10 constant rate causing poor
weld quality. Not only does the 12n ni mum radi us of curvature of the
cable 26 affect drag on the welding wire 38 travelling through the

conduit 98, impatablya| sttape thel shrsvet &0 ctheat apenedtmy t he Asabl e

gf fects tiquﬁgti;t{rafeanﬁi Q?@.Pg,tﬂ@e {adﬂﬂa&b&adsumﬁ iﬁﬁ%¥ﬁ£yré‘ééﬂﬂt 15 .
ecreasing the al,.anpunt_of curvature, drag.is reduce ween t he

vel di ng wi retr}fsrt?agﬁdlaéon te%glpgsﬁFFFHgtgﬁeagdS 83 ﬂ gHer 3HRR i wel d.

In addi ti onwaldingi mashine 22 tingittachhbheateain reljefidassetbly e t he

cabl e 2651 s {iRNtmachiBeENt UBd Yaorndtd} 665t RIS Qigdh o 1 @8g22.5)94 break

due to fatlgé,Je ce%gsed b%- c%ch% bendi,ng., Aft%{ the wires ™92 break, the

el ectrical formeAeqr Fhe e SFhPHLTH £AE W EPIngn i T B h &M at

gener at ed byergagiegt apdstisepgaioggbh¢ eensiw breadsréddsedth threadsent ual |y,

the heat w Id3/hecome too great and may reduce 25 the performance of the

wel di ng gun 24 and cause the gun to mal. functipon. In addition, if the
control wires 94 break® the S%ﬁ@“ée?ﬁ?ﬁﬁ"'ﬁﬁéh?ﬂ@" PGHY | % ispghby
el ectrizdty,Limel is ngpproxigabelind4ve| dnehew rand othdelgugtR4L2’ is

Still furthefpnRsitBeetdbhe 861550 behtneshe hEs§,:3q be‘?ﬁagp%zlé%?.t gihi ch
reduces the cross-sect %L area of the ho and tge as flowrate
t hrough t he HEE °?f SJF%ﬁ] g the art, (Ghe 535?@15’23 % © otgﬁaﬁf,"%e flow
rate nmay becmbpdigent is lugedt enshhel dambewapl agnthet atsdminy tédte of
at nosphere, ¢ereb¥st embodiment, and produces the same beneficial
15 results. To further reduce the likelihood of the assembly
60’ being caught on surrounding objects, it is envisioned
that the sleeve 62’ could extend the entire lengﬁh of the
spring 64’ without departing from the scope of the present
invention. Likewise, it is envisioned that a jacket (not
20 shown) may be installed over the spring 64’ to reduce the
likelihood of the assembly 60’ being caught during use.
A cable assembly, generally designated 100, is
illustrated in Fig. 8. The cable assembly 100 comprises a
cable 26 having a strain relief assembly 60 of the first
25 embodiment adjacent a £first end and a strain relief
assembly 60’ of the second embodiment adjacent a second
end. The cable assembly 100 also includes conventional
male and female connectors 102, 104, respectively, Efor
connecting the hose 96 to the welding:guﬁ 24 and welding
30 machine 22. Conventional electrical connédtors (not shown)
may be used to connect the control wires 9@ to the welding
gun 24 and machine 22. The conduit 98 and wires 92 are not
visible in Pig. 8. \
It is envisioned that the connectors 66, 66' may
35 be omitted from alternate embodiments (not shown) of the
strain relief assemblies. In these embodiments, the



producing an inferior weld. 35 In the first preferred

enbodi mént, the length L1 is approximately 2.2 inches and the
l.Length L2 is WO 98/ 46389

PCT/ US98/ G{8 3946339 10 aAPRLRS ly 5.2
inches. It wll be apparent to those .skilled in the art that the

sl eeve 62 and-spring 64 form i ndependent strain relief elenments which
act as a unit for supporting and providing strain relief to the cable
26. 5 Not only do the sleeve 62 and3spring 64 reduce bendi ng of t he
cable 26, but also they act in concert to overcone di sadvant ages of

prior art stGCAFRSPERPART o86EABR| E8liefoplements spayche sapiusedobyt he
~relativel y goazdohist obethearelditg gunops Sanke wifldihg mAEhDge 642 and the

i nside of the sleeve g% V%gw &Pe r| iy d| S”'wmitle%elf (;sadetts1 %%a%h% sl eeve
e

caused by the toreé uce e pott i"al ®Furt her,
t he r esigviegady QbDthé .9fr ithe enveationo arenmrhigvedecande Oaﬂmpr set
“whi ch oo_-;cur%dv@ntagesﬁgey@smg)%ltaghga, Still further, the sleeve

62 th 4t lih d f nbly 60
bei ﬁgvggaght eo?lpz)lbjngc S X%Elo gcgﬂﬁﬂ%ﬁlﬁﬁui‘% e%:oﬁ'g ?o?‘n tt?h% %?Fé’gﬁes d

To further csagszuchéonskaithovt cleparsingsefmyny the scope of the
invention, it 1s 1ntended that all matter contained in the

above descrlptlon or shown in the accompanying drawings
10 shall be 1nterpreted as illustrative and not in a limiting
sense.



60 belng caught, it is inV|S|oned that the sleeve 62 coul d extend the

b A LT e e S

present invention. Lik

shown) naywbosiéss al | ed over- t He Spring 64 to reducs, &‘r RRodd4sl | hood of
the assenbly 60 bei ng caught on surroundi ng objects during use.

Fig. 5 illustrates a second enbodi nent of a 25 strain relief assenbly,
general ly designated 60", for reduci ng bendi ng of the wel ding cable
26. This assenbly 60" is positidhed adjacent the interface between the
wel di ng cabl e. 26 and wel di ng machi ne 22 to reduce bendi ng. Because the
| oading is gQ%%%%ﬁ adj acent the wel ding machi ne 30 22 than adj acent the
wel di ng gun 24, the dinensions of the second assenbly 60" are

general ly laﬁﬁﬁf Qﬁaégﬁﬁ f. the first assenbly 60. The second
strain relier assenb 18’ rises an elastomeric sleeve (generally
desi gnated 62'), r%s'?qll‘aéﬁ'{ ediipf FRFamblygéneregduridgsbgndingl 64') 35
ext endi ng ge6EraIh&ldﬂﬁgl@éﬁﬂewuééﬂrfﬁﬂﬂ%llﬁdt1ﬂaid§hQGWQre, welé&ﬁ%

46389

LS Ogg§”§raﬁl& L1988 LORREF %00 b [Q1afld %l%ch%.e to g Pf’&léﬁﬁgv%‘“én d

spring to thEonereldHgd)@n werkpipae) athe ®ssembly comprising:
5 first and second strain relief elements

surrounding and extending along said welding cable for
supporting and providing strain relief to the cable; and
a connector for attaching said first and second
strain relief elements to at least one of the machine and
10 the gun;
said first strain relief element extending a
first distance from the connector for supporting the cable
thereby to reduce bending of a first portion of the cable
positioned inside said first strain relief element, and
15 said second strain relief element extending a second
distance greater than said first distance from the
connector for supporting the cable and said first strain
relief element thereby to reduce bending of said first
portion positioned inside said first strain relief element
20 and a second portion of the cable positioned inside said
second strain relief element.

2. A strain relief assembly as set forth in
claim 1 wherein said first strain relief element comprises
an elastomeric sleeve and said second strain relief element
comprises a resilient coil spring extending generally

5 coaxially with respect to the sleeve.

3. A strain relief assembly as set forth in
claim 2 wherein the sleeve surrounds the coil spring.



t he sl eeve 62 of theﬂfm 1 i .. the sleeve 62' of t he second
enbodi nent has a genern: m“ | #ﬂigmp 70" with a flange 72' (Fig. 7)
cti'ngfthe sweave.

at one end for connecti*hg¢t: to the connector 66'. Al t hough
ot her nat gy sd/ds3gear € ‘envi'sioned as being within the pepasseizathe

pr esent I nvention, the sleeve 62' of .the second preferred

enbodi nent is nade of Santoprene[err] thernoplastic el astoner. I n
addition, the sleeve 62' of the second preferred 10 enbodi nent has a
lLength of about 5.1 inches, an insidé di aneter of about 1.07 inch and a
wal | thickness of approximately 0.12 inch; however, it is envisioned

t hat sl eeves havifig otheFtiRifensg biaf apesemly v hBatt Aerskopa of

the present diadenti eherdin the connectdheispidaigeddfobasradtdidg ¢be (Fig. 6)
ext endi ng '

%ggg kakl f +tbe _cQi n i ng_t.he end
of the sl eevsé.: ? %%?kev%%%énﬁ?ép rs?:g)r ﬁ:nri% ?’ r %%1%V§Lr‘1% ;aﬁ)v\é/ayseag?%efg’ﬁﬁdt he
connect or 6@LaHAREEgH S hAt siease. twas timeas t henger thanngadd dHrske first
enbodi nent, dilstiascenvi sioned that 20 other configurations, such as a

| arger di ameter wi nd near the end of the spring 64" of the second
enbodi nent, may be used to prevent the spring fromnoving away from
t he connect or 665-w thotkraidharelirf f aeseminy saopeevf fobh in present

i nvent i ?n. h/?slltdlfﬂugi" WHeYRIL TR adfboalae cﬁ@tiaﬁhen%% %‘éftwéﬁnb%eg a\é’fat hi ][1 thed
scope o t resen LN ntt e _ . .SPI| ' of the secon prererre
enbodi nent i%ﬁr%?del%?s anéenrloc@khea%‘- Sﬁéfieﬁl’g%?i%%tﬁnggl’. The wire used in

maki ng t he spring 64' of the second preferred enbodi nent has a

di ameter of about 0.08:0. 30 stwedin FHE1iwer , abbenusy | 88 BEt 3@orthe ki rst
preferred e a th of about 1 ' s,_an_outer

odi nment, has. a J.en . (5 i hch
di anet er of & 8‘13}”30‘.”53_???161? hlen%ﬁ,nngﬁﬁ°5 18 adgac?gﬁeld GPECREbIC h§ 125
i nches. Thi stmalis inalipfsmagenbly 45 t the r valdingt hechindenol efaidhe spring
64' to catclsgtdnd distdneeuUnd Ngt 0De£LSE StwSStimes longer RBaROMAGE OF 66

nas an i it ersEl S gULdgLe 18
7. A strain relief assembly as set forth in
claim 6 wherein said second distance is between three and
five times longer than said first distance.

8. A strain relief assembly for reducing bending
of a welding cable used to deliver welding wire, welding
gas and electricity from a welding machine to a welding gun
for welding a workpiece, the assembly comprising:

5 a strain relief unit having a passage
therethrough for receiving said welding cable, said unit
being adapted for supporting and providing strain relief to
the cable; and

a connector for attaching the strain relief unit

10 to at least one of the machine and the gun;

said strain relief wunit having a first end
adjacent the connector and a second opposite end spaced
from the connector, the unit having a first bending
stiffness in a first region extending from said first end

15 to a position intermediate said first and second ends and
a second bending stiffness less than said first bending



opr doag Y “91|||\||\m|\\1mﬁ\mm| t the slgmue B2 1o "o

12 - rotatably attach - the” sfeeve to the connector. As

i1 lustrat "7, the connector 66' has internal sc reads 81'
for engagﬁﬂ8b§%§%m1threads 83" (Fig. 5 an the meld|%§¥%%%%mﬁg 22 to
attach the strain relief assenbly to 5 the machi ne. The connector 66’
has ridges 84' (Fig. 5) formed on its exterior for gripping the
connect or when engagi ng and di ssngagi ng the screw threads 81' with

t hr eads 83’ In the second preferred enbodi nent, the

| ength 10 @Elffpgsappnom PECERG regippcesterting Hardmefdieh pogitipn
appr oxi mat elmta%medﬁta satd eBrst AadWsédome cHARALBNEaid® secordead oOf

skilled in t@et%rt ge assenbly 60" of the second enbodi nment i s used

in the sane may s U assenbly 60 of the first enbodi ment, and

produces the same beneficial 15 results. To further reduce the |ikelihood
of the assenbly 60" hei Q@r&ﬁUQPéJ.M Sé'éé&wlq;' Ngs 0BEECESytht kS

envi si oned . tgat t he, sl eeve 62’ i g d’the entire length of the
spring 64 \eAdy Hgﬁﬁ?f?réyﬁrﬁﬁﬁﬂ?ﬂerg P ?ﬂlqlﬁ?mﬁfé§ﬁﬁf i nventi on.

Li kewi se, it is envisaofddsthatraipaciedtiefnatlement surrounding the
cable and extending from said first end of the strain
5 relief unit to the position intermediate said first and
gecond ends of the strain relief unit; and
a second strain relief element surrounding the
cable and extending from said £first end of the strain
relief unit to said second end of the gtrain relief unit.

10. A strain relief assembly for reducing
bending of a welding cable used to deliver welding wire,
welding gas and electricity from a welding machine to a
welding gun for welding a workpiece, the assembly

5 comprising a plurality of overlapping strain relief
elements having different lengths surrounding and extending
along said welding cable for supporting and providing
strain relief to the cable thereby to reduce bending of a
portion of the cable positioned inside said plurality of

10 elements.



20 shown) may be installed over the.spring 64" to reduce the

| i kel i hood of the assenbly 60' being caught during use. A
cabl e assenbly, general’ "e3|gnated 100, is illustrated in Fig. 8.
The cabl e assenbly 100 conprises a cable 26 having a strain relief
assenbly 6Qy@ésideiuw fi rst 2-5 enbodi ment .adjacent a fi rEIT/USSSE23/d a

strain .relief assenbly 60" of the second enbodi nent adjacent a second
end. The cabl e assenbly:200 al so i nclugeg§ conventi onal mal e and
femal € ‘connectors 102, ‘1 respectively, for connecting the hose 96
to the welding gun 24 and.welding 30 machine 22. Conventional electrical
connectors (not shown) :=: may be used to connect the control wires 94 to
the welding gun 24- and machi ne 22. The conduit 98 and wires 92 are not
visible in Fig. 8. : It is envisioned tha nnect ors 66,
66' may 35 be omtted fron1a|ternate enbodi nents (ot shown) jof the
strain relief assenblies. \ap t hese enbodi nent 4, WO
98/ 46389 B 5

13 correspondi ng st Dy

portions of the meldlngr In

J

Z
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several .objects of the |nvent|on are achi eved and other 5 advantageous
results attai ned. e As various changes could be nmade in the

above constructions’ mm hout departing fromthe scope of the

invention, it is intended-that all matter contained in the above
descrlptlon WO98H4ERN i n t he acconpanyi ng draw ngs 10 shal | be |nterpreted
as illustrative and not ina limting sense. (B US4

PCT/ US98/ 04235 R 276 14 Cainm . V\HAT IS
CLAI MED. | S: 1. Astrain relief assenbly for reduci ng bending
of a welding cable used t 6. del i ver wel ding wire, welding gas and

gun for welding a

electricity froma meldlng ‘machi ne to a wel di ng
irst and second strain

wor kpi ece, the assenbly conprising: 5

relief elenments surroundi ng and extlendi ng al [ g said wel ding cable for
supporting and providing straip refrief~—ts a
connector for attaching sagd ffrst and :=§§§E===L N

270777 7
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strain relief elenents to at | east one of the machine and 10 the gun;
said.first strain relief .el'ement extending a first distance fromthe
connector for supporting cabl e thereby to reduce bending of a first
portion of the cable “positioned inside said first strain relief

el enent, andWPP34E8Y secon train relief elenent extendingcamggﬁggg

di stance greater than sai.d=first distance fromthe connect

supporting the cable and sai.d first st rimg relief element thereby to
reduce bending of said first portion positioned inside said first
strain relief element 20:and a second portion of the cable positioned

i nsi de said 4+ relief elenent. 2. A strain
relief assenbly as sét f&rt#’in d& m1 ) eigzﬁaid first strain
relief elenment conprises pneri c sf€eve d said second strain
relief el enment conpri.s a resilignt coif sprifng extending generally 5
coaxially with resp t 07t he 2 3. Astrain relief
assenbly as set for i~

spring. 83/
PCT/ US98/ 04235

4

70
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15 4. A strain relief assenbly as set forth in claim3

wher éin the connector is .adapted for attaching the strain relief
assenbly to the wel di ng gun and sai d second distance is at |least two
times |longer than said fifst 5 distance. 5. A strain
relief assen¥Py¥/4638% et forth in claim4 wherein said sgeppshsiist ance is
bet ween two and three tines |longer than said first dlstance

6. A strain relief assenbly as set fortd /g claim 3 wherein the
connector is adapted for attaching the - strain relief assenbly to the
wel di ng machine and said °: second distance is at |least two tinmes |onger
than said 5 first distance. 7. Astrain relief assenbly
as set forth in cl ai m6 wher ei 1 d second distance is between three
and five times longer than saifjd first di > 8. A
strain relief assenbly f orsreduci bendi ng of a | a{yng cabl e used to
deliver welding wire, weldf¥f y f a wel di ng
machine to a wel ding gun "'\ t he assenbly
conprising: 5 a; straN&r—he ' . ving a passage

t her et hr ough for rece|V|ng ‘sai d mé?drng-cab#EF=7a#§3nnit
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being_adapted for supporting and providing strain relief to t he cabl e;

and a connector:.for attaching the strain relief unit 10 to
at | east one of the machi:ng and the gun; said strain relief
unit having a first end -: 1dj acent the connector and a second opposite

end spaced WO t he connector, the unit having a first in
stiffness'in afirst regi-op extending fromsaid first end Igﬁﬂg%mgwﬂosition
intermedi ate said first and:Second end a second bending stiffness

| ess than said first bendi _ 8/ 46389

PCT/ US98/ 04235 ; . 16 stiffness in a
second regi on extéﬁk&ﬁbdﬁ'khrhe pogiZion I nternmedi ate said first and
second ends to said secon d - 0

( the unit. 9. A
strain relief assenbly as: R
relief unit conprzée L
surroundi ng the & able
relief unit to the positi

suasrrrurs SHEET (RULE 26)



second ends of the strain relief unit; and a second strain
relief elenent sur roundi ng- the cabl e and extending fromsaid first end
of the straln reli-ef:iunitto said second end of the strain relief unit.
10. A strain relief assenbly for reducing bendi ng of a wel di ng cabl e
used to deI|V@kaﬁﬁmﬂlng wi e, wel ding gas and electricity froma

wel di ng machi ne sl ding gun for welding a woFKhUS¥ED235, e
assenbl 3 conpri si ng a:pturality fg overlapping strain relief

el enents haV|ng di f ferent - I:éhgt hs surroundi ng and ¢ di ng al ong said
meldlng ‘gabl e for supporting‘and providing \& strdijmfrielief to the cable

t hereby to reduce bendi ng:of ::¢ portion Q@ e qgelyted positioned inside
said plurality of 10 elen |
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