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CONTACT TIP ROTARY LOCK
OF A WELDING TORCH

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is a Non-provisional U.S. Patent Application of U.S.
Provisional Application No. 62/220,671, entitled “Contact Tip Rotary Lock of a
Welding Torch,” filed September 18, 2015, which is hereby incorporated by reference

in its entirety for all purposes.

BACKGROUND

[0002] The present disclosure relates generally to welding systems and, more

particularly, to securement of contact tips in welding torches of welding systems.

[0003] Welding is a process that has increasingly become ubiquitous in various
industries and applications. Additionally, as welding has increased in general,
automated welding processes are also becoming increasingly popular.  With
increasing automation in the field of welding, simple designs to meet automation
maintenance goals are ever more valuable. For example, automation complexity may

decrease as maintenance complexity of the welding systems also decreases.

[0004] Therefore, it may be advantageous to provide a mechanism that simplifies
replacement and securement of components within welding systems that are
frequently replaced. The present subject matter provides mechanisms for replacement

and securement of contact tips within a welding system without the use of tools.

BRIEF DESCRIPTION

[0005]  Certain embodiments commensurate in scope with the originally claimed
subject matter are summarized below. These embodiments are not intended to limit
the scope of the claimed subject matter, but rather these embodiments are intended

only to provide a brief summary of possible forms of the subject matter. Indeed, the
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subject matter may encompass a variety of forms that may be similar to or different

from the embodiments set forth below.

[0006] In a first embodiment, a method to secure a contact tip in a welding system
includes applying an axial force on the contact tip along an axis toward a diffuser
assembly of a welding torch. The method also includes rotating the contact tip about
the axis within the diffuser assembly while the axial force is applied to the contact tip.
Further, the method includes releasing the axial force on the contact tip when the

contact tip is securely aligned within the diffuser assembly.

[0007] In another embodiment, a welding torch system includes a diffuser
assembly that includes a locking mechanism to receive a contact tip. Additionally,
the welding torch system includes the contact tip, which includes locking elements
configured to interact with the locking mechanism of the diffuser assembly to secure
the contact tip within the diffuser assembly. Further, the contact tip is rotated within
the diffuser assembly to securely align the locking elements with the locking

mechanism.

[0008] In another embodiment, a contact tip includes an elongated hollow body
including an electrically conductive material. Additionally, the elongated hollow
body is mountable without tools to a diffuser assembly mounted to a welding torch.
Further, the contact tip includes at least one locking element extending radially
outward from an outer circumference of the elongated hollow body near an axial end
of the elongated hollow body. The at least one locking element interacts with at least
one locking shoulder of the diffuser assembly upon rotation of the contact tip while

the at least one locking element is within the diffuser assembly.

DRAWINGS

[0009] These and other features, aspects, and advantages of the present disclosure
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:
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[0010] FIG. 1 is a schematic diagram of a metal inert gas (MIG) welding system

with a power source and a wire feeder, in accordance with an embodiment;

[0011] FIG. 2 is a side view of a welding torch of the MIG welding system of FIG.

1, in accordance with an embodiment;

[0012] FIG. 3 is a perspective view of a contact tip secured within a diffuser

assembly of the welding torch of FIG. 2, in accordance with an embodiment;

[0013] FIG. 4 is a perspective view of a contact tip unsecured from the diffuser

assembly of FIG. 3, in accordance with an embodiment;

[0014] FIG. 5 is an exploded view of the contact tip and the diffuser assembly of

FIG. 3, in accordance with an embodiment;

[0015]  FIG. 6 is a cross-sectional exploded view of the contact tip and the diffuser

assembly of FIG. 3, in accordance with an embodiment;

[0016] FIG. 7 is a cross-sectional view of the diffuser assembly of FIG. 3, in

accordance with an embodiment;

[0017] FIG. 8A is a cross-sectional view of a piston of the diffuser assembly of

FIG. 3, in accordance with an embodiment;

[0018] FIG. 8B is a perspective view of the piston of FIG. 8A, in accordance with

an embodiment;

[0019] FIG. 8C is a top view of the piston of FIG. 8A, in accordance with an

embodiment;

[0020] FIG. 9A is a perspective view of a retention mechanism of the diffuser

assembly of FIG. 3, in accordance with an embodiment;

[0021] FIG. 9B is a cross-sectional view of the retention mechanism of FIG. 9A, in

accordance with an embodiment;
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[0022] FIG. 10A is a perspective view of the contact tip of FIG. 3, in accordance

with an embodiment;

[0023]  FIG. 10B is a bottom view of the contact tip of FIG. 9A, in accordance with

an embodiment;

[0024] FIG. 11A is a top perspective view of the contact tip of FIG. 10A secured
within a retention mechanism of the diffuser assembly of FIG. 3, in accordance with

an embodiment;

[0025]  FIG. 11B is a bottom perspective view of the contact tip and the retention

mechanism of FIG. 11A, in accordance with an embodiment;

[0026] FIG. 11C is a bottom view of the contact tip and the retention mechanism

of FIG. 11A, in accordance with an embodiment;

[0027]  FIG. 12 is a flow diagram of a method to secure and/or remove a contact tip

to or from a diffuser assembly of a welding torch, in accordance with an embodiment;

[0028] FIG. 13 is a front-side perspective view of a design for the contact tip of

FIGS. 10A and 10B, in accordance with an embodiment;

[0029] FIG. 14 is a rear-side perspective view of a design for the contact tip of

FIG. 13, in accordance with an embodiment;

[0030] FIG. 15 is a front perspective view of a design for the contact tip of FIG.

13, in accordance with an embodiment;

[0031] FIG. 16 is a rear perspective view of a design for the contact tip of FIG. 13,

in accordance with an embodiment;

[0032] FIG. 17 is a front view of a design for the contact tip of FIG. 13, in

accordance with an embodiment;

[0033] FIG. 18 is a rear view of a design for the contact tip of FIG. 13, in

accordance with an embodiment;
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[0034] FIG. 19 is a top view of a design for the contact tip of FIG. 13, in

accordance with an embodiment;

[0035] FIG. 20 is a bottom view of a design for the contact tip of FIG. 13, in

accordance with an embodiment;

[0036] FIG. 21 is a first side view of a design for the contact tip of FIG. 13, in

accordance with an embodiment;

[0037] FIG. 22 is a second side view of a design for the contact tip of FIG. 13, in

accordance with an embodiment; and

[0038] FIG. 23 is a cross-sectional cutaway view of a design for the contact tip of

FIG. 13, in accordance with an embodiment.
DETAILED DESCRIPTION

[0039] One or more embodiments of the present disclosure will be described
below. In an effort to provide a concise description of these embodiments, all features
of an actual implementation may not be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions are made
to achieve the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill having the benefit of this

disclosure.

[0040] Turning now to the drawings, and referring first to FIG. 1, an exemplary
welding system 10 is illustrated as including a power source 12 coupled to a wire
feeder 14. In the illustrated embodiment, the power source 12 is separate from the
wire feeder 14, such that the wire feeder 14 may be positioned at some distance from
the power source 12 near a welding location. However, it should be understood that

the wire feeder 14, in some implementations, may be integral with the power source
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12. The power source 12 may supply weld power to a torch 16 through the wire
feeder 14, or the power source 12 may supply weld power directly to the torch 16.
The wire feeder 14 supplies a wire electrode 18 (e.g., solid wire, cored wire, coated
wire) to the torch 16. A gas supply 20, which may be integral with or separate from
the power source 12, supplies a gas (e.g., CO2, argon) to the torch 16. An operator
may engage a trigger 22 of the torch 16 to initiate an arc 24 between the electrode 18
and a work piece 26. In some embodiments, the welding system 10 may be triggered
by an automation interface including, but not limited to, a programmable logic
controller (PLC) or robot controller. The welding system 10 is designed to provide
welding wire (e.g., electrode 18), weld power, and shielding gas to the welding torch
16. As will be appreciated by those skilled in the art, the welding torch 16 may be of
many different types, and may facilitate use of various combinations of electrodes 18

and gases.

[0041] The welding system 10 may receive data settings from the operator via an
operator interface 28 provided on the power source 12. The operator interface 28 may
be incorporated into a faceplate of the power source 12, and may allow for selection
of settings such as the weld process (e.g., stick, TIG, MIG), the type of electrode 18 to
be used, voltage and current settings, transfer mode (e.g., short circuit, pulse, spray,
pulse), and so forth. In particular, the welding system 10 allows for MIG welding
(e.g., pulsed MIG welding) with electrodes 18 (e.g., welding wires) of various
materials, such as steel or aluminum, to be channeled through the torch 16. The weld

settings are communicated to control circuitry 30 within the power source 12.

[0042]  The control circuitry 30 operates to control generation of welding power
output that is applied to the electrode 18 by power conversion circuitry 32 for carrying
out the desired welding operation. In some embodiments, the control circuitry 30
may be adapted to regulate a pulsed MIG welding regime that may have aspects of
short circuit transfer and/or of spray transfer of molten metal from the welding wire to
a molten weld pool of a progressing weld. Such transfer modes may be controlled
during operation by adjusting operating parameters of current and voltage pulses for

arcs 24 developed between the electrode 18 and the work piece 26.
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[0043]  The control circuitry 30 is coupled to the power conversion circuitry 32,
which supplies the weld power (e.g., pulsed waveform) that is applied to the electrode
18 at the torch 16. The power conversion circuitry 32 is coupled to a source of
electrical power, as indicated by arrow 34. The power applied to the power
conversion circuitry 32 may originate in the power grid, although other sources of
power may also be used, such as power generated by an engine-driven generator,
batteries, fuel cells or other alternative sources. Components of the power conversion
circuitry 32 may include choppers, boost converters, buck converters, inverters, and

so forth.

[0044]  The control circuitry 30 controls the current and/or the voltage of the weld
power supplied to the torch 16. The control circuitry 30 may monitor the current
and/or voltage of the arc 24 based at least in part on one or more sensors 36 within the
wire feeder 14 and/or the torch 16. In some embodiments, a processor 35 of the
control circuitry 30 determines and/or controls operating parameters of the torch 16.
Additionally, the operating parameters may be controlled based at least in part on
feedback from the sensors 36. The processor 35 determines and/or controls the
operating parameters utilizing data (e.g., algorithms, instructions, operating points)
stored in a memory 37. The data stored in the memory 37 may be received via the
operator interface 28, a network connection, or preloaded prior to assembly of the
control circuitry 30. Operation of the power source 12 may be controlled in one or
more modes, such as a constant voltage (CV) regulation mode in which the control
circuitry 30 controls the weld voltage to be substantially constant while varying the
weld current during a welding operation. That is, the weld current may be based at
least in part on the weld voltage. Additionally, or in the alternative, the power source
12 may be controlled in a current control mode in which the weld current is controlled
independent of the weld voltage. In some embodiments, the power source 12 is
controlled to operate in a constant current (CC) mode where the control circuitry 30
controls the weld current to be substantially constant while varying the weld voltage

during a welding operation.

[0045]  FIG. 2 illustrates an embodiment of the torch 16 of FIG. 1. As discussed in
relation to FIG. 1, the torch 16 includes the trigger 22 for initiating a weld and
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supplying the electrode 18 to the weld. Specifically, the trigger 22 is disposed on a
handle 38. A welding operator holds the handle 38 when performing a weld. At a
first end 40, the handle 38 is coupled to a cable 42 where welding consumables (e.g.,
the wire, the shielding gas, and so forth) are supplied to the weld. Welding
consumables generally travel through the handle 38 and exit at a second end 44,

which is disposed on the handle 38 at an end opposite from the first end 40.

[0046]  The torch 16 includes a neck 46 extending out of the second end 44 of the
handle 38. As such, the neck 46 is coupled between the handle 38 and a diffuser
assembly 48. As should be noted, when the trigger 22 is pressed or actuated, welding
wire (e.g., electrode 18) travels through the cable 42, the handle 38, the neck 46, and
the diffuser assembly 48, so that the welding wire extends out of a contact tip 56
protruding from a receiving portion 58 of the diffuser assembly 48. Further, as
illustrated in FIG. 2, the handle 38 is secured to the neck 46 via fasteners 52 and 54,
and to the cable 42 via fasteners 52 and 54.

[0047]  FIG. 3 is a perspective view of the contact tip 56 secured within the diffuser
assembly 48 of the welding torch 16. The receiving portion 58 of the diffuser
assembly 48 receives the contact tip 56 during replacement of the contact tip 56,
facilitates mechanical coupling to the welding torch 16 for the contact tip 56, and
facilitates electrical coupling to the power source 12 for the contact tip 56, as
discussed in detail below. Additionally, the diffuser assembly 48 may be machined to
be installed on existing necks 46 of various torches 16. For example, the diffuser
assembly 48 may be designed to couple to the neck 46 in such a way that the diffuser
assembly 48 enables retrofitting on torches 16 previously equipped with other
diffusing devices. Alternatively, in some embodiments, the diffuser assembly 48 may
be installed on the neck 46 using a rotary locking mechanism similar to the contact tip

rotary locking mechanism discussed in detail below.

[0048]  Further, the diffuser assembly 48 may include gas-through ports 60
positioned around the receiving portion 58 of the diffuser assembly 48 to facilitate
movement of shielding gas to a welding site, such as the work piece 26. The gas-

through ports 60 direct the shielding gas axially along the contact tip 56. In directing
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the shielding gas axially along the contact tip 56, rather than radially outward from
the contact tip 56, a pressure head of the shielding gas is reduced. By reducing the
pressure head of the shielding gas, a diameter 63 of the gas-through ports 60 may be
reduced while still achieving a similar shielding gas flow rate at the work piece 26
that more traditional designs maintain. For example, the diameter 63 of the gas-
through ports 60 may be of a size sufficient to obtain a surface area of the gas-through
ports 60 in a range between 0.002 square inches and 0.004 square inches depending

on a size of the diffuser assembly 48.

[0049]  The gas-through ports 60 also operate to direct shielding gas axially down a
length of the contact tip 56 toward the work piece 26 during a welding operation.
Because the shielding gas is directed axially toward the work piece 26, the torch 16
may operate without a welding nozzle to redirect flow of the shielding gas. For
example, in other designs where the shielding gas is directed radially outward from a
gas diffuser, a welding nozzle may change the direction of the shielding gas flow
toward the work piece 26. In contrast, in the present embodiment, the shielding gas is
already directed toward the work piece 26, which enables welding operations without
the use of a welding nozzle. Further, without a welding nozzle coupled to the diffuser
assembly 48, spatter buildup on the diffuser assembly 48 may be reduced. With a
reduction in spatter buildup, welding operations may occur for longer amounts of time
between maintenance of the torch 16. For example, reaming cycles may occur less
frequently when a welding nozzle is not in place. Additionally, the lifespan of
welding consumables, such as the contact tip 56, may increase as spatter-related wear
decreases. Additionally, without a welding nozzle, a welding operator may be able to
perform a welding operation in tighter spaces than if the torch 16 included a welding
nozzle. For example, the welding operator may be able to weld in a corner, or any
other tight position, that a welding nozzle would traditionally prevent. Moreover, the
shielding gas will still be directed toward the work piece 26 in the tighter space even

absent the welding nozzle.

[0050]  The gas-through ports 60 may also facilitate installation and retention of the
contact tip 56. For example, the contact tip 56 is urged in an axial direction 61 into

the receiving portion 58 of the diffuser assembly 48. The gas-through ports 60 may
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be positioned and scaled to receive portions of the contact tip 56. Once the contact tip
56 is sufficiently within the receiving portion 58, the contact tip 56 may be rotated in
a direction 62 to lock the contact tip 56 within the diffuser assembly 48. Further, the
contact tip 56 may rotate approximately 30 degrees before locking within the diffuser
assembly 48. This angle of rotation to secure the contact tip 56 may be determined by
a number of gas-through ports 60 of the diffuser assembly 48, as discussed in greater
detail below in the discussion of FIG. 11A. Additionally, while the direction 62 is
illustrated as a clockwise movement, it may be appreciated that the direction 62 in a
counterclockwise movement is also contemplated to secure the contact tip 56 within

the diffuser assembly 48.

[0051] FIG. 4 is a perspective view of the contact tip 56 unsecured from the
diffuser assembly 48. When removing the contact tip 56 from the diffuser assembly
48, a force in the axial direction 61 (i.e., toward the diffuser assembly 48) is applied
on the contact tip 56, and the contact tip 56 is rotated in a direction 64 to unlock the
contact tip 56 from the diffuser assembly 48. The direction 64 is depicted as a
direction opposite the direction 62. Accordingly, when the direction 62 is clockwise,
the direction 64 may be counterclockwise. Similarly, when the direction 62 is
counterclockwise, the direction 64 may be clockwise. Alternatively, when the contact
tip 56 is locked within the diffuser assembly 48, the contact tip 56 may also unlock
from the diffuser assembly 48 by rotating an additional amount in the direction 62.
For example, while rotating the contact tip 30 degrees in the direction 62 upon
insertion into the receiving portion 58 may lock the contact tip 56 within the diffuser
assembly 48, rotating the contact tip an additional 30 degrees in the direction 62 may

function to unlock the contact tip 56 from the diffuser assembly 48.

[0052] When the contact tip 56 is unlocked from the diffuser assembly 48, the
contact tip 56 may be removed from the diffuser assembly 48 by providing an axial
force on the contact tip 56 in an axial direction 65 away from the torch 16. Upon
removing the contact tip 56 from the diffuser assembly 48, a new contact tip 56 may
be readied to replace the removed contact tip 56. It may be appreciated that securing,
removing, and replacing the contact tip 56 within the diffuser assembly 48 may be

accomplished without the use of tools. Further, in some embodiments, securing,

10
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removing, and replacing the contact tip 56 may be accomplished using an automated

system.

[0053] FIG. 4 also depicts locking elements 66 of the contact tip 56. The locking
elements 66 may be aligned with the gas-through ports 60 prior to insertion of the
contact tip 56 into the receiving portion 58. Additionally, geometries of the locking
elements 66 may generally correspond to geometries of the gas-through ports 60. For
example, the locking elements 66 may be of a similar shape as the gas-through ports
60 and slightly smaller to allow the locking elements 66 to be inserted into the gas-
through ports 60. Further, locking shoulders 68 within the receiving portion 58 are
also depicted. The locking shoulders 68 interact with the locking elements 66 of the
contact tip 56 after the contact tip 56 is rotated into the locked position. The locking
shoulders 68 prevent the contact tip 56 from gjecting from the diffuser assembly 48
while a spring provides a force on the contact tip 56 in the direction 65 urging the

locking elements 66 into the locking shoulders 68.

[0054] FIG. 5 is an exploded view of the contact tip 56 and the diffuser assembly
48. The exploded view of FIG. 5 provides additional detail into mechanics of the
diffuser assembly 48 that secure the contact tip 56 to the torch 16. For example, the
diffuser assembly 48 may include an upper body 80 and a lower body 82. In the
illustrated embodiment, the upper body 80 couples to the lower body 82 when the
upper body 80 and the lower body 82 are pressed together with sufficient force. This
may prevent a user from attempting to disassemble the diffuser assembly 48.
Additionally, in other embodiments, the upper body 80 may be threaded onto the
lower body 82.

[0055]  Disposed within the upper body 80 and the lower body 82 are a spring 84, a
piston 86, and a retention mechanism 88. The spring 84 provides a force in the axial
direction 65 against the piston 86 from the lower body 82. The piston 86, in turn,
urges the contact tip 56 in the axial direction 65 to either eject the contact tip 56 from
the diffuser assembly 48 or urge the locking elements 66 of the contact tip 56 against
the locking shoulders 68 of the retention mechanism 88. Whether the spring 84

secures or gjects the contact tip 56 depends on the orientation of the locking elements

11
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66 within the retention mechanism 88. By urging the locking elements 66 against the
locking shoulder 68, the spring 84 contributes to securing the contact tip 56 within the
diffuser assembly 48. By contrast, when the locking elements 66 align with the gas-
through ports 60, the spring 84 contributes to ejecting the contact tip 56 from the
diffuser assembly 48.

[0056] Additionally, FIG. 5 illustrates a welding nozzle 90 that fits around the
diffuser assembly 48. As discussed above, the welding nozzle 90 is an optional
component when using the diffuser assembly 48 and the contact tip 56 in a welding
operation. The shielding gas exits the diffuser assembly 48 in the axial direction 65
along the contact tip 56, and the welding nozzle 90 may provide greater control over a
direction the shielding gas travels toward the work piece 26. Additionally, a similar
rotary locking mechanism may be used to secure the welding nozzle 90 to the diffuser

assembly 48 as is used to secure the contact tip 56 within the diffuser assembly 48.

[0057]  FIG. 5 also provides a path along which a welding current may flow. For
example, the welding current may flow from the neck 46 of the welding torch 16 to
the lower body 82 of the diffuser assembly 48. The lower body 82 of the diffuser
assembly may provide a path for the welding current to flow directly into the spring
84, the piston 86, and the upper body 80 based on direct contact with the lower body
82. Additionally, the spring 84 may provide the welding current received from the
lower body 82 to the piston 86, and the piston 86 and the upper body 80 may provide
the welding current to the retention mechanism 88. Further, the piston 86 and the
retention mechanism 88 may provide the welding current to the contact tip 56 based
on the direct contact between the contact tip 56 and the piston 86 and the retention
mechanism 88. Moreover, the lower body 82, the spring 84, the piston 86, the
retention mechanism 88, and the upper body 80 may all be made from conductive

materials such as brass or copper.

[0058] FIG. 6 is a cross-sectional exploded illustration of the contact tip 56 and the
diffuser assembly 48. The cross-sectional illustration provides details about cavities
within the elements that make up the diffuser assembly 48 and the contact tip 56. For

example, the lower body 82 includes a lower cavity 94 that receives the spring 84 and

12
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the piston 86. The lower cavity 94 has an inner diameter 96 that is slightly larger than
an outer diameter of the spring 84 and an outer diameter of an upper portion 98 of the
piston 86. In this manner, both the spring 84 and the piston 86 may fit securely within
the lower cavity 94 of the lower body 82.

[0059]  Additionally, the lower cavity 94 may have an opening with a second inner
diameter 99 that leads into a neck coupling cavity 100 of the lower body 82. The
second inner diameter 99 is smaller than the inner diameter 96, but large enough to
receive a lower portion 102 of the piston 86. In this manner, when the contact tip 56
is inserted into the diffuser assembly 48, the lower portion 102 of the piston 86 is able
to retract beyond the lower cavity 94 and into the neck coupling cavity 100. Further,
the upper portion 98 of the piston 86 may be prevented from entering the neck
coupling cavity 100 due to having an outer diameter larger in size than the second

inner diameter 99.

[0060] The piston 86 includes a receptacle 104 that receives the electrode 18
originating from the wire feeder 14. Further, the receptacle 104 assists in guiding the
electrode 18 into the contact tip 56 and toward the work piece 26. After the electrode
18 enters the receptacle 104, the electrode 18 is funneled into a guide 106 within the
piston 86. The guide 106 leads to a contact tip seat 108 of the piston 86, which has
complementary geometry to an end protrusion 110 of the contact tip 56. In this
manner, the piston 86 provides some structural support to the contact tip 56 while the
contact tip 56 is secured within the diffuser assembly 48 while also facilitating

delivery of the electrode 18 through the contact tip 56.

[0061]  As discussed above in the discussion of FIG. 5, the upper body 80 and the
lower body 82 may be coupled together by pressing the upper body 80 and the lower
body 82 together. FIG. 6 depicts a shoulder 112 of the lower body 82 that interacts
with a shoulder 114 of the upper body 80 when the two are forced together. The
shoulders 112 and 114 may provide a stop when the upper body 80 and the lower
body 82 are forced together. In this manner, the upper body 80 and the lower body 82
may fit together in a consistent manner. That is, the upper body 80 and the lower

body 82 may fit together squarely due to the interaction of the shoulders 112 and 114.

13
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[0062]  Further, once the upper body 80 and the lower body 82 are coupled, an
upper cavity 116 of the upper body 80 forms a continuous space with the lower cavity
94 of the lower body 82. By way of example, the upper cavity 116 may have a
similar inner diameter to the inner diameter 96 of the lower cavity 94. Because of
this, the piston 86 fits securely within the upper cavity 116, and the piston 86 is also
free to move in a direction toward the contact tip 56 within the upper cavity 116 or in

a direction toward the neck coupling cavity 100 within the upper cavity 116.

[0063]  Prior to coupling the upper body 80 to the lower body 82, the retention
mechanism 88 may be installed within the upper body 80. The retention mechanism
88 includes a shoulder 118 that interacts with a shoulder 120 of the upper body 80.
The shoulders 118 and 120 prevent the retention mechanism 88 from exiting the
diffuser assembly 48. Additionally, the force provided by the spring 84 on the piston
86 maintains the contact between the shoulders 118 and 120 when the piston 86 is in
contact with the retention mechanism 88. Similarly, while the contact tip 56 is
secured within the diffuser assembly 48, the locking elements 66 may provide the
force on the locking shoulder 68 of the retention mechanism 88 to maintain the
contact between the shoulders 118 and 120. Alternatively, in other embodiments, the

retention mechanism 88 may be permanently affixed to the upper body 80.

[0064] Additionally, the wire (i.e., the electrode 18) is fed from the guide 106 of
the piston 86 into the contact tip 56 toward the work piece 26. The contact tip 56
includes an elongated body with a hollow interior 122. Further, the hollow interior
122 receives the wire at an interface between the contact tip seat 108 of the piston 86
and the end protrusion 110 of the contact tip 56, and the hollow interior 122 facilitates

transmission of the electrode 18 toward the work piece 26.

[0065]  Further, FIG. 6 also provides an illustration of a path in which the current
may flow. For example, the neck coupling cavity 100 couples to the neck 46 of the
welding torch 16. Interaction between the neck 46 and the neck coupling cavity 100
enables the flow of current from the neck 46 to the diffuser assembly 48. Upon
entering the diffuser assembly 48, the current may travel to the spring 84, the piston

86 and the retention mechanism 88 in addition to the upper body 80 and the lower
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body 82. Because the force of the spring 84 urges interaction between the piston 86
and the contact tip 56 as well as the retention mechanism 88 and the contact tip 56,
elements of the diffuser assembly 48 with live current have sufficient contact with the
contact tip 56 to transfer welding current to the contact tip 56 to produce the arc 24.
Accordingly, any one path described above, or any combination of the paths, may

provide sufficient contact for adequate current transfer to the contact tip 56.

[0066] FIG. 7 is a cross-sectional illustration of the diffuser assembly 48 while the
diffuser assembly 48 is not populated with the spring 84, the piston 86, and the
retention mechanism 88. As discussed above, upon coupling the upper body 80 with
the lower body 82, the lower cavity 94 and the upper cavity 116 form a continuous
space in which the spring 84 and the piston 86 reside. Also depicted is a tongue and
groove coupling 130 between the upper body 80 and the lower body 82. As
illustrated, the a tongue 129 of the upper body 80 fits into a groove 131 of the lower
body 82 as the upper body 80 is pressed onto the lower body 82. The tongue and
groove coupling 130 may prevent a welding operator from attempting to disassemble
the diffuser assembly 48 by, for example, axially separating the upper and lower

bodies 80, 82.

[0067]  Further, grooves 132 may be machined onto the lower body 82 of the
diffuser assembly 48. The grooves 132 may accommodate a retaining clip and an o-
ring to secure the welding nozzle 90 to the diffuser assembly 48. As discussed above
in the discussion of FIG. 5, the diffuser assembly 48 may function without the
welding nozzle 90 coupled to the diffuser assembly 48. However, in an event that the
welding nozzle 90 would prove beneficial to a welding operation, the diffuser
assembly 48 may be equipped with the grooves 132 to enable attachment of the

welding nozzle 90.

[0068] FIG. 8A is a cross-sectional illustration of the piston 86 that is disposed
within the diffuser assembly 48. An upper edge 130 of the piston 86 may correspond
to a geometry of the retention mechanism 88. For example, the retention mechanism
88 may have an opening in a middle portion of the retention mechanism 88 that has an

inner diameter that is approximately equal to an outer diameter of the upper edge 130
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of the piston 86. Because the upper edge 130 fits into the opening of the retention
mechanism 88, the piston 86 may aid in pushing the contact tip 56 out of the diffuser
assembly 48.

[0069] FIG. 8B is a perspective view of the piston 86 illustrated in FIG. 8A. The
upper portion 98 of the piston 86 includes protrusions 134 that extend radially
outward from the body of the piston 86. The lower portion 102 of the piston 86 also
includes smaller protrusions 135 that extend radially outward from the body of the
piston 86 and generally align circumferentially with a respective protrusion 134. The
protrusions 135 may extend radially outward from the body of the piston 86 at a lesser
distance than the protrusions 134. Additionally, the protrusions 134 may have a
diameter slightly smaller than the inner diameter 96, and the protrusions 135 may
have a diameter slightly smaller than the inner diameter 99. In this manner, the upper
portion 98 of the piston 86 may fit securely within the lower cavity 94, and the lower
portion 102 of the piston 86 may fit securely within the opening with the inner
diameter 99. Further, the protrusions 134 may be sufficiently large to prevent the

piston 86 from exiting the diffuser assembly 48 through the retention mechanism 88.

[0070]  Additionally, the protrusions 134 and 135 create corresponding grooves
133 along a length of the piston 86. The grooves 133 aid in directing the flow of the
shielding gas toward the gas-through ports 60 of the diffuser assembly 48 while the
piston 86 fits securely within the diffuser assembly 48. The size of the protrusions
134 and 135 and the number of the protrusions 134 and 135 may vary based on a
desired flow rate of the shielding gas. For example, if a greater flow rate is desired,
the protrusions 134 and 135 may be smaller and/or less frequent as the protrusions
134 and 135 go around the piston 86. Similarly, if a lesser flow rate is desired, the
protrusions 134 and 135 may be larger and/or more frequent as the protrusions 134

and 135 go around the piston 86.

[0071]  FIG. 8C is a top view of the piston 86 of FIG. 8A. The top view illustrates
six protrusions 134 spaced equally apart around the piston 86. The six protrusions
134 also create six grooves 133 through which the shielding gas is able to flow. A
width 136 of the protrusions 134 may influence the flow rate of the shielding gas as
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the shielding gas travels to the gas-through ports 60. Accordingly, the width 136 of
the protrusions 134 may be increased or decreased depending on a desired flow rate of
the shielding gas. Additionally, as discussed above, a number of protrusions 134 may

also be increased or decreased depending on a desired flow rate of the shielding gas.

[0072] FIG. 9A is a perspective view of the retention mechanism 88. The
retention mechanism 88 includes locking shoulders 88 that interact with the locking
elements 66 of the contact tip 56. Additionally, the retention mechanism 88 includes
the gas-through ports 60. The gas-through ports 60 direct the shielding gas axially
along the length of the contact tip 56. Additionally, the gas-through ports 60 may
include a geometry that receives the locking elements 66 of the contact tip 56. For
example, the gas-through ports 60 may generally be a similar shape as the locking
elements 66 with a slightly larger diameter than the locking elements 66. Further, as
the contact tip 56 rotates within the diffuser assembly, the locking elements 66 of the
contact tip 56 may align with the locking shoulders 88. Upon releasing the force in
the axial direction 61, the spring 84 may urge the locking elements 66, via the piston

86, into secured contact with the locking shoulders 88 of the retention mechanism 88.

[0073]  FIG. 9B is a cross-sectional illustration of the retention mechanism 88. As
illustrated, the locking shoulders 88 and the gas-through ports 60 include geometries
that are receptive to the geometry of the locking elements 66 of the contact tip 56.
Accordingly, when the locking elements 66 interact with the locking shoulders 88, the
contact tip 56 is unable to rotate to an unlocked position without first applying the
force in the axial direction 61 on the contact tip 56 to unlock the locking elements 66

from the locking shoulders 88.

[0074] FIG. 10A is a perspective view of the contact tip 56. The contact tip 56
may have a length 137 of approximately 0.5 inches to 3 inches. Additionally, while
the contact tip 56 may generally be in the range of 0.5 inches to 3 inches, the contact
tip 56 may also be as long as desired for a specific welding operation. Because the
diffuser assembly 48 may operate without the welding nozzle 90, it may be beneficial
for the contact tip 56 to be shorter than a traditional contact tip to limit a distance that

the shielding gas travels prior to dissipating. Further, a diameter 138 of the contact tip
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56 may be approximately 0.25 inches to 1 inch. In particular, a range of the diameter
138 between 0.325 and 0.4 inches may be particularly beneficial. It may also be
appreciated that the contact tip 56 is made from a conductive material, such as brass

or copper.

[0075]  FIG. 10B is a bottom view of the contact tip 56. As discussed above, the
locking elements 66 may have a similar, although slightly smaller, geometry to the
geometry of the gas-through ports 60. Additionally, a number of the locking elements
66 surrounding the contact tip 56 may be equal to a number of the gas-through ports
60 and the locking shoulders 68 of the diffuser assembly 48. However, in some
embodiments, the number of the locking elements 66 may be less than the number of

the gas-through ports 60 and the locking shoulders 68 of the diffuser assembly 48.

[0076]  Additionally, the end protrusion 110 is tapered to fit into the contact tip seat
108 of the piston 86, which is similarly tapered. Contact between the end protrusion
110 and the contact tip seat 108 is maintained by a spring force provided by the spring
84. Further, the contact between the end protrusion 110 and the contact tip seat 108 is
maintained from the time that the contact tip 56 is inserted into the diffuser assembly

48 until the time that the contact tip 56 is ejected from the diffuser assembly 48.

[0077]  FIG. 11A is a top perspective view of the contact tip 56 secured within the
retention mechanism 88 of the diffuser assembly 48. An axis 140 may run along the
hollow interior 122 of the contact tip 56. When securing or ejecting the contact tip 56
to or from the diffuser assembly 48, the contact tip 56 is rotated about the axis 140.
Additionally, a number of the gas-through ports 60 of the diffuser assembly 48 may
influence a number of degrees that the contact tip 56 rotates about the axis 140 to be
secured or ejected. For example, if there are six gas-through ports 60 positioned
around the receiving portion 58, and there are also six locking shoulders 88 positioned
between each of the gas-through ports 60, then the contact tip 56 rotates 1/12% of 360
degress (i.e., 30 degrees) for the locking elements 66 to interact with the locking
shoulders 88. Similarly, if there are four gas-through ports 60 positioned around the

receiving portion 58, and there are also four locking shoulders 88 positioned between

18



WO 2017/048536 PCT/US2016/050153

each of the gas-through ports 60, then the contact tip 56 rotates 1/8™ of 360 degrees
(i.e., 45 degrees) for the locking elements 66 to interact with the locking shoulders 88.

[0078] FIG. 11B is a bottom perspective view of the contact tip 56 and the
retention mechanism 88. As illustrated, the locking elements 66 are in a secured
position between the gas-through ports 60. Between the gas-through ports 60, the
locking elements are forced against the locking shoulders 68 of the retention
mechanism 88 that are illustrated in FIG. 5. When the contact tip 56 is removed from
the diffuser assembly 48, the contact tip 56 is rotated about the axis 140 in such a
manner that the locking elements 66 generally align with the gas-through ports 60.
Once this alignment is achieved, the force provided by the spring 84 will eject the
contact tip 56 from the diffuser assembly 48.

[0079] FIG. 11C is a bottom view of the contact tip 56 and the retention
mechanism 88. The contact tip 56 may rotate about the axis 140 at an angle 142 from
an initial position that the contact tip 56 enters the diffuser assembly 48 to secure the
contact tip 56 within the diffuser assembly 48. For example, in the illustrated
embodiment with six gas-through ports 60 of the diffuser assembly 48, the contact tip
56 rotates 30 degrees to reach the secured position. Alternatively, if there were only
four gas-through ports 60 positioned around the locking mechanism 88, the contact tip
56 may rotate 45 degrees about the axis 140 to reach the secured position.
Additionally, to remove the contact tip 56 from the diffuser assembly 48, the contact
tip 56 may be rotated the same number of degrees about the axis 140 that secured the
contact tip 56 to the diffuser assembly 48. This ejection rotation may be in the same
direction about the axis 140 as a securing rotation, or the ejection rotation may be in a

direction counter to the securing rotation.

[0080] FIG. 12 is a flow diagram of a method 150 for securing and/or removing
the contact tip 56 to or from the diffuser assembly 48. Initially, at block 152, an axial
force is applied on the contact tip 56 in the axial direction 61 toward the neck 46 of
the welding torch 16 and into the receiving portion 58 of the diffuser assembly 48.

The amount of axial force that is supplied on the contact tip 56 is a force sufficient to
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overcome the force supplied in the axial direction 65 by the spring 84 against the

piston 86.

[0081] Subsequently, at block 154, the contact tip 56 is rotated about the axis 140
within the diffuser assembly 48. As discussed above, to secure the contact tip 56
within the diffuser assembly 48, the contact tip 56 is rotated in such a manner to align
the locking elements 66 of the contact tip 56 with the locking shoulders 68 of the
retention mechanism 88. Alternatively, to remove the contact tip 56 from the diffuser
assembly 48, the contact tip 56 is rotated in such a manner to generally align the
locking elements 66 of the contact tip 56 with the gas-through ports 60 of the diffuser
assembly 48.

[0082]  Further, at block 156, the axial force applied at block 152 is removed from
the contact tip 56. In removing the axial force from the contact tip 56, the contact tip
56 will be secured within the diffuser assembly 48 if the locking elements 66 align
with the locking shoulders 68. Alternatively, the contact tip 56 will be removable
from the diffuser assembly 48 if the locking elements 66 align with the gas-through
ports 60 of the diffuser assembly 48.

[0083] FIGS. 13-23 illustrate various views of a design for the contact tip 56

described herein.

[0084] While only certain features of the subject matter have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the disclosure.

20



WO 2017/048536 PCT/US2016/050153

CLAIMS:

1. A method to secure a contact tip in a welding system, comprising:

applying an axial force on the contact tip along an axis toward a diffuser
assembly of a welding torch;

rotating the contact tip about the axis within the diffuser assembly while the
axial force is applied to the contact tip; and

releasing the axial force on the contact tip when the contact tip is securely

aligned within the diffuser assembly.

2. The method of claim 1, wherein the contact tip is securely aligned
within the diffuser assembly when locking elements of the contact tip align with

locking shoulders of the diffuser assembly.

3. The method of claim 1, wherein applying the axial force on the contact
tip along the axis and rotating the contact tip about the axis are performed without

tools.

4, The method of claim 1, wherein releasing the axial force on the contact

tip enables a spring to urge the contact tip into a secured position.

5. The method of claim 1, wherein rotating the contact tip about the axis

comprises rotating the contact tip approximately 30 degrees.

6. The method of claim 1, comprising:

applying a second axial force on the contact tip along the axis toward the
diffuser assembly of the welding torch after releasing the axial force on the contact
tip;

rotating the contact tip about the axis within the diffuser assembly while the

second axial force is applied to the contact tip; and
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releasing the second axial force on the contact tip when the contact tip is not
securely aligned within the diffuser assembly to eject the contact tip from the diffuser

assembly.

7. The method of claim 6, wherein the contact tip is not securely aligned
within the diffuser assembly when locking elements of the contact tip align with gas-

through ports of the diffuser assembly.

8. The method of claim 6, wherein rotating the contact tip about the axis
within the diffuser assembly while the second axial force is applied to the contact tip
comprises rotating the contact tip in a first direction, and wherein the contact tip is

also rotated in the first direction while the axial force is applied to the contact tip.

9. The method of claim 6, wherein rotating the contact tip about the axis
within the diffuser assembly while the second axial force is applied to the contact tip
comprises rotating the contact tip in a second direction, wherein the second direction
is opposite of a first direction that the contact tip is rotated while the axial force is

applied to the contact tip.

10. A welding torch system, comprising:

a diffuser assembly comprising a locking mechanism and configured to
receive a contact tip;

the contact tip comprising locking elements configured to interact with the
locking mechanism of the diffuser assembly to secure the contact tip within the
diffuser assembly, wherein the contact tip is rotated within the diffuser assembly to

securely align the locking elements with the locking mechanism.

11.  The welding torch system of claim 10, wherein the welding torch

system is configured to perform a welding operation without a welding nozzle.

12, The welding torch system of claim 10, wherein the contact tip is

toollessly removable from the diffuser assembly.
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13. The welding torch system of claim 10, wherein the locking mechanism
comprises locking shoulders configured to receive the locking elements of the contact

tip when the contact tip is rotated within the diffuser assembly.

14.  The welding torch system of claim 10, wherein the diffuser assembly
comprises gas-through ports configured to receive the locking elements of the contact

tip when the contact tip is axially inserted into the diffuser assembly.

15. The welding torch system of claim 14, wherein the gas-through ports
are configured to supply shielding gas in an axial direction along a length of the

contact tip.

16.  The welding torch system of claim 10, wherein the diffuser assembly
comprises:
a housing;

a spring disposed within the housing; and
a piston disposed within the housing, wherein the spring provides a force on
the piston toward the contact tip to force the contact tip into a secured position within

the locking mechanism or to force the contact tip from the diffuser assembly.

17. The welding torch system of claim 10, wherein the diffuser assembly is
configured to retrofit and replace an existing contact tip securement mechanism of a

welding torch.

18. A contact tip, comprising:

an elongated hollow body comprising an electrically conductive material and
configured to mount without tools to a diffuser assembly mounted to a welding torch;
and

at least one locking element extending radially outward from an outer
circumference of the elongated hollow body near an axial end of the elongated hollow

body, wherein the at least one locking element is configured to interact with at least
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one locking shoulder of the diffuser assembly upon rotation of the contact tip while

the at least one locking element is within the diffuser assembly.

19.  The contact tip of claim 18, wherein a number of the at least one
locking shoulder is greater than or equal to a number of the at least one locking

element.

20. The contact tip of claim 18, wherein the contact tip is configured to

perform a welding operation without a welding nozzle.

21.  The contact tip of claim 18, wherein the at least one locking element is
configured to be received by at least one gas-through port of the diffuser assembly,
and the at least one gas-through port directs shielding gas in an axial direction along a

length of the contact tip during a welding operation.
22.  The contact tip of claim 18, wherein the at least one locking element is

configured to be securable against the at least one locking shoulder by a force of a

spring disposed within the diffuser assembly.
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