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STRAIN RELIEF ASSEMBLY FOR WELDING CABLE

Background of the Invention

This invention relates generally to a strain
relief assembly for reducing bending of a welding cable,
and more particularly, to a strain relief assembly having
at least two strain relief elements for supporting the
welding cable.

Gas metal arc welding ("GMAW", 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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force on the wire will intermittently slow the wire feed
rate, producing chatter, preventing smooth delivery of the
welding wire to the workpiece and degrading the quality of
the weld produced. If the cable is bent still more
sharply, the welding wire can seize in the conduit. If the
machine continues to feed wire when'the wire peizes, the
wire can break and cause the system to malfunction. 1In
addition, as the cable bends, the hose delivering welding
gas to the workpiece may become pinched, thereby reducing.
welding gas flow to the workpiece. If the gas flow rate is
reduced too much, the molten metal may become exposed to
the atmosphere resulting in an inferior weld. Moreover,
excesgssive repeated bending can cause the electrical wires
inside the cable to fatigue and break, causing increased
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
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 mbre sharply where
it enters the sleeve, thereby defeating, at least to some
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 ihe cable to bend.
Another type of previously-used strain relief assembly
comprises a resilient coil *spring':whi§h= surrounds the
cable. These springs are generally noqias stiff as the
elastomeric sleeves so they do not Suppbit the cable as
well. Further, the springs tend to catch on surrounding
objects making the cables difficult to use. Still further,
the springs have a relatively large pitch (e.g., 0.250
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inch) which increases their tendency to catch on
surrounding cbjects.

Summary of the Invention

Among the several objects and.features of the
present invention may be noted the provision of strain
relief assembly which reduces bending of a welding cable;
the provision of such an assembly which increases the
gservice life of the cable; the provision of such an
assembly which reduces weld wire chatter and drag in the
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
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
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
the cable. Thus, the first element reduces bending of a
first portion of the cable positioned_iﬁgide the first
strain relief element. The second straihzrelief element
extends a second distance, which is greaﬁér{than the first
g the cable and
the first strain relief element. Thus, thésecond element
reduces bending of the first portion pOSItloned inside the
first strain relief element and a second ‘portion of the
cable positioned inside the second straln_réllef element.
' In another aspect of the 1nvent”bn, the strain
relief assembly comprises a strain reliefi:unit having a

distance, from the connector for supporéi;“
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passage therethrough for receiving the welding cable. The
unit is adapted for supporting and providing strain relief
to the cable. The assembly also comprises a connector for
attaching the strain relief unit to at least one of the
machine and the gun. The strain relief unit has a first
end adjacent the connector and a second opposite end spaced
from the connector. The unit has a first-bending stiffness
in a first region extending from the first end to a
position intermediate the first and second ends, and a
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,

.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
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
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
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. 4 is a partial fragmentary cross section of
the first embodiment of the strain relief assembly taken in
the plane of line 4-4 of Fig. 3;

Fig. 5 is a fragmentary elevation in partial
section of a second embodiment of the strain relief
assembly of the present invention shown with a fragmentary
elevation of a welding machine;

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;welding gas, and a
spool 36 of welding wire for supplying;wélding wire 38 to
a workpiece W via the welding cable 263and5we1ding 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
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through the welding cable 26 at a generally constant rate.
A high pressure hose 42 delivers welding gas from the
cylinder 34 to the welding cable 26. A pressure regulator
44 mounted on the cylinder 34 controls the flow of welding
gas supplied to the welding cable 26. Control wires 46,
extending from the welding cable 26 to the welding machine
22, deliver a signal from the welding gun 24 to the welding
machine to start and stop the supply of electricity, gas
and welding wire 38 in response to actuation of a trigger
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

‘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
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
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
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
has a length of about 2.65»3;00-inches;'aﬁ'inside diameter
of about 0.78-1.10 inch and a wall thickness of
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approximately 0.07-0.12 inch; however, it is envisioned
that sleeves having other dimensions are also within the
scope of the present invention. Further; it is envisioned
that the sleeve thickness may vary along its length without
departing from the scope of the present invention.

The spring 64 has a tail 76 (Fig. 3) 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. It is envisioned
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 connector without
departing from the scope of the present invention.
Although other materials are envisioned as being within the
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
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
(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,
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. 23 formed on its
exterior for gripping the connector when engaging and
disengaging the lugs 80 and grooves 82. _

As will be apparent to those skilled in the art,
the sleeve 62 and spring 64 act as a unit having a passage
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86 therethrough for receiving the cable 26 to support the
cable and provide strain relief to the cable. As
illustrated in Fig. 2, the sleeve 62 has a length L1l
extending a first distance from the connector 66 to reduce
bending of a first portion of the cable positioned inside
the sleeve. Likewise, the spring '6_4_ has a length L2
extending a second distance from the connector 66 to reduce
bending of a second portion of the dablé positioned inside
the spring. Because the sleeve 62 and spring 64 overlap in
the 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
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
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
bending in the cable 26, it is necessary 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.
The casing also protects four shielded control wires 94 for
deliveriﬁg 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
delivering inert welding gas from the welding machine 22 to
the welding gun 24 to shield the molten metal from the
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atmosphere. In addition, a flexible conduit 98 is
positioned in the interior of the hose 96 for guiding the
welding wire 38 from the welding machine 22 to the welding
gun 24.

When the cable 26 is bent, the drag between the
welding wire 38 and the interior of the conduit 98
increases. If the drag becomes too high, the drag forces
on the wire 38 will intermittently slow the wire feed rate
g0 the wire will not feed through the cable 26 at a
constant rate causing poor weld quality. Not only does the
minimum radius of curvature of the cable 26 affect drag on
the welding wire 38 travelling through the conduit 98, but
also the total amount of curvature along the cable affects
drag. By increasing the minimum radius of curvature and
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
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
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
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.

In the first preferred embodiment, the length L1
is approximately 2.2 inches and the length 12 is
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approximately 5.2 inches. It will be apparent to those
skilled in the art that the sleeve 62 and spring 64 form
independent strain relief elements which act as a unit for
supporting and providing strain relief to the cable 26.
Not only do the sleeve 62 and spring 64 reduce bending of
the cable 26, but also they act in concert to overcome
disadvantages of prior art strain relief assemblies. For
instance, because of the relatively close fit between the
outside of the spring 64 and the inside of the sleeve 62,
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

‘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
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
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
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 resilient coil spring (generally designated 64’')
extending generally coaxially with respect to the sleeve,
and a connector (generally designated 66’) for attaching
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the sleeve and spring to the welding gun 24. Similar to
the sleeve 62 of the first embodiment, the sleeve 62’ of
the second embodiment has a generally tubular body 70’ with
a flange 72’ (Fig. 7) at one end for connecting the sleeve
to the connector 66°. Although other materials are
envisioned as being within the scope of the present
invention, the sleeve 62’ of the second preferred
embodiment is made of Santoprene® thermoplastic elastomer.
In addition, the sleeve 62’ of the second preferred
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.

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
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
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
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.

The connector 66’ has an internal shoulder 78°
(Fig. 7) for engaging the flange 72’ of the sleeve 62’ to
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rotatably attach the sleeve to the connector. As
illustrated in Fig. 7, the connector 66’ has internal screw
threads 81’ for engaging screw threads 83’ (Fig. 5) on the
welding machine 22 to attach the strain relief assembly to
the machine. The connector 66’ has ridges 84’ (Fig. 5)
formed on its exterior for gripping the connector when
engaging and disengaging the screw threads 81’ with threads
83’,

In the second preferred embodiment, the length
L1’ is approximately 4.0 inches and the length L2’ is
approximately 12.0-15.0 inches. As will be apparent to
those of skilled in the art, the assembly 60’ of the second
embodiment is used in the same way as the assembly 60 of
the first embodiment, and produces the same beneficial
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
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
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
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
be omitted from alternate embodiments (not shown) of the
strain relief assemblies. In these embodiments, the
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corresponding strain relief elements may be captured by
portions of the welding gun 24 and welding machine 22.

In view of the above, it will be seen that the
several objects.of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
constructions -_with&ut departing from the scope of the
invention, it ij‘f_s":_-ihtended that all matter contained in the
above descriptiéh__ or shown in the accompanying drawings
shall be interpfé‘ted asg illustrative and not in a limiting
sense.
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Claims

WHAT IS CLAIMED IS:

1. 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:

first and second etrain 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
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
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
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
coaxially with respect to the sleeve.

3. A strain relief assembly as set forth in
claim 2 wherein the sleeve surrounds the coil spring.
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4. A strain relief agsembly as set forth in
claim 3 wherein the connector is adapted for attaching the
strain relief assembly to the welding gun and said second
distance is at least two times longer than said first
distance.

5. A strain relief assembly as set forth in
claim 4 wherein said second distance is between two and
three times longer than said first distance.

6. A strain relief assembly as set forth in
claim 3 wherein the connector is adapted for attaching the
strain relief assembly to the welding machine and said
second distance is at least two times longer than said

. first distance.

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:

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
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
to a position intermediate said first and second ends and
a second bending stiffness less than said first bending
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stiffness in a second region extending from the pogition
intermediate said first and second ends to said second end
of the unit.

9. A strain relief assembly as set forth in
claim 8 wherein the strain relief unit comprises:

a first 'strain relief element surrounding the
cable and extending from said first end of the strain
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
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
elements.



