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ORBITAL WELDING SYSTEM WITH COOLED DRIVE HOUSING
TECHNICAL FIELD

[0001] Embodiments of the present invention relate to welding systems, devices, and proc-
esses. More particularly, the present invention relates to an orbital welding system having a cooled

drive housing.
BACKGROUND

[0002] In industrial applications, welding may involve, brazing, cladding, building up, filling, hard
facing, overlaying, joining, and other welding applications. For brevity sake, these operations will be
referred to collectively as welding. An orbital welder may be used when welding a curved surface.
The welder may be moved about the surface or the surface may be rotated while the welder remains
stationary. The most common example, where orbital welding is used, is the welding of pipe. Pipe
welding may include thin wall applications or deep groove geometries where the welding electrode
extends into a groove formed between the two pipes being joined to lay down stccessive beads of

weld material to fill the groove.

[0003] in any welding application, in addition to rotating the welding head to apply a weld along
acurve, it is desirable to move the welding head laterally relative to the weld. Existing welding head
designs limit the freedom of movement of the welding head by being overly cumbersome or employ-
ing restrictive wire fixturing mechanisms that limit the lateral movement i.e. the stroke of the welding
head. This limits the ability of such designs in terms of the freedom of movement and accordingly
the types of weld patterns and range of the weld pattern being applied to the workpiece WP. In addi-
tion, in deep groove welding, this restriction on movement may prevent a welding torch from being
suitable for deep groove or narrow groove welding. Other drawbacks observed include poor gas
shielding especially in heavy wall pipe or deep or narrow groove welding application. Poor gas
shielding typically results in contamination of the weld puddle from air exposure directly affecting the
look and quality of the weld. To remedy this, existing designs may increase the amount of gas sup-
ply to attempt to compensate for gas shielding. This causes greater gas usage which may lead to

down time to replace or refill the gas supply and generally uses more gas then may be necessary.

[0004] Another observed disadvantage is weak oscillation of the motor drive and oscillation
drift. For example, when welding with gravity, i.e., in the downward direction, a welding head may
travel at a greater speed than when welding upward for example when performing a root pass on a
vertically oriented pipe joint. Further limitations and disadvantages of existing welding systems will

become apparent upon consideration of the embodiments of the present invention set forth in the

1
CONFIRMATION COPY
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remainder of the application with reference to the drawings.
SUMMARY OF THE INVENTION

[0005] The present invention generally provides, in embodiments, a cooled drive housing,
comprising a drive block configured to at least partially surround a drive assembly, an insulating
plate configured to close at least a portion of a first side of the drive block, at least one motor re-
ceiver within the drive block configured to receive at least one drive motor, and at least one coolant
passage configured to circulate coolant through the cooled drive housing. It may be preferred, if the
at least one coolant passage is configured to be parallel to one or more walls of the drive block,
and/or, if the at least one coolant passage is configured to be transverse to the insulating plate,
and/or, if the cooled drive housing further comprises at least one sensor receiver formed in the drive
block and configured to house at least one control sensor, and/or, if the at least one coolant passage
is configured to span a passage dimension that is substantially equal to a width dimension of the
drive block, and/or, if the drive biock is constructed at least in part of aluminum, and/or, if the drive
block is configured with a recess to include a clearance for an adjacently-mounted torch head as-
sembly, and/or, if at least two motor receivers within the drive block are configured to receive at least

two drive motors. Preferred embodiments may be taken from the dependent claims.

[0006] In alternative or complementary embodiments, the present invention can generally pro-
vide a drive block for use with an orbital welding system, comprising an insulating plate disposed
toward a first side of the drive block that at least partially supports a drive assembly, a mounting
block that mates with at least a portion of the insulating plate, at least one coolant passage through
the drive block, at least one supply line in fluid communication with the at least one coolant passage,
wherein the supply line is enclosed within an elongated recess formed within at least one of the insu-
lating plate and the mounting block. Preferred embodiments may be taken from the dependent

claims.

[0007] The invention is further directed to a welding system according to claim 11, which com-
prises, amongst other features, a frame. Preferred embodiments may be taken from the dependent
claims. It may further be preferred, if the frame further comprising a guide disposed on one of the
one or more mounting plates that routes the extensions of the one or more coolant supply lines and
the one or more coolant return lines to the conduit bracket, and/or, if the curved profile is a C-shape,
and/or, if at least one of the one or more backing plates is an insulating plate, and/or, if the insulating

plate insulates at least one of the one or more coolant supply lines from at least the drive block.

[0008] The following description and the annexed drawings set forth in detail certain illustrative

aspects of the claimed subject matter. These aspects are indicative, however, of but a few of the
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various ways in which the principles of the innovation may be employed and the claimed subject
matter is intended to include all such aspects and their equivalents. Other advantages and novel
features of the claimed subject matter will become apparent from the following detailed description
of the innovation when considered in conjunction with the drawings.

DETAILED DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 is a top perspective view of a welding system according to the invention.

[0010] Fig. 2 is a bottom perspective view thereof.

[0011] Fig. 3 is a front plan view thereof.

[0012] Fig. 4 is an exploded front perspective view.

[0013] Fig 5. is an exploded from perspective view showing details of a coolant supply assem-
bly.

[0014] Fig. 6 is an exploded rear perspective view showing further details of the coolant supply
assembly.

{0015] Fig. 7 is a rear elevation view of the welding head assembly showing further details of

the coolant supply assembly.

[0016] Fig. 8 is a top perspective view of a portion of the welding assembly showing details of
the drive assembly for the torch head.

[0017] "Fig. 9 is a right side rear perspective view partially cut away to show details of the drive

assembly for the torch head of the present invention.

[0018] Fig. 10 is a left side perspective view similar to Fig. 9.

[0019] Fig. 11 is a rear elevational view showing further details of the drive assembly for the
torch head.
[0020] Fig. 12 is a right side front perspective view of a portion of the welding system showing

details of a torch head fluid supply assembly.
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[0021] Fig. 13 is a top perspective view of a front side of the torch head with a portion cut away

to show details of a coolant passage in the fluid supply assembly.

[0022] Fig. 14 is rear perspective view similar to Fig. 13 with additional portions cut away to
show details of a shielding gas supply assembly in the fluid supply assembly for the torch head.

[0023] Fig. 15 is a top perspective view of a portion of the welding system and is partially cut
away to show details of the torch head assembly and drive assembly.

[0024] Fig. 16 is a front elevational view of the torch head assembly partially cut away to show
details of a wire height adjustment assembly.

[0025] Fig. 17 is a sectional front elevational view similar to Fig. 16 showing further details of

the wire alignment assembly.

[0026) Fig. 18 is a first perspective view of the alignment assembly.
{0027] Fig. 19 is an exploded perspective view of the wire alignment assembly.
[0028] Fig. 20 is a sectional side elevation view of a wire alignment assembly.

[0029] Fig. 21 is bottom perspective view of the torch head showing details of the shielding gas
distribution assembly.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Exemplary embodiments of the invention will now be described below by reference to
the attached figures. The described exemplary embodiments and embodiments shown in the figures
are intended to assist the reader in the understanding of the invention, and are not intended to limit
the scope of the invention in anyway. "Welding” or “weld” as-used herein including any other forma-
tives of these words will refer to depositing of molten material through the operation of an electric arc
incfuding but not limited to submerged arc, GMAW, MAG, MIG, and TIiG welding.

[0031] The welding system according to the present invention is generally indicated by the
number 10 in drawings. Welding system 10 includes an electrode E that is powered to create an arc
between electrode E and a workpiece WP. The area to which the weld is applied includes a molten
weld puddle, which may include material deposited by welding system 10 and molten metal from the
workpiece WP created by arc penetration. For simplicity, this area will be referred to as a welding
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zone Z and schematically represented in the drawings. Welding system 10 is an orbital welding sys-
tem and may be used to form arcuate welds including but not limited to welds used to join adjacent
sections of pipe. Welding system 10 generally includes a welding head 15 that includes the primary
assemblies of welding system 10 including a torch head 20, which may be held adjacent to the
workpiece WP by a clamp assembly, not shown. Other assemblies may optionally be included on
welding head 15 including but not limited to wire feeder assembly 80, drive assembly 100, motor
housing cooling assembly 175, and torch head cooling assembly 300 as described more completely

below.

[0032] With reference to Fig. 1, welding system 10 includes a torch head 20 supported on a
generally C-shaped frame 25. As best show in Fig. 4, frame 25 may include a backing plate 26 hav-
ing a first arm 31 laterally spaced from a second arm 32 and connected by a cross piece 33 defining
an opening 35 there between having a mouth 40 opening outward of frame 25 at the outer extremi-
ties 37 of arms 31, 32. The example shown is oriented with first arm 31 and second arm 32 extend-
ing in a downward direction.

[0033] As used herein, spatially orienting terms such as “above,” “below,” “upper,” “lower,” “in-

[ » ou

upward,” “downward,” “laterally,”

»n u » o

ner,” “outer,” “right,” “left,” “vertical,” “horizontal,” “top,” “bottom,
“upstanding,” et cetera, can refer to respective positions of aspects as shown in or according to the
orientation of the accompanying drawings. “Inward” is intended to be a direction generally toward the
center of an object from a point remote to the object, and “outward” is intended to be a direction
generally away from an internal point in the object toward a point remote to the object. Such terms
are employed for purposes of clarity in describing the drawings, and should not be construed as
exclusive, exhaustive, or otherwise limiting with regard to position, orientation, perspective, configu-

ration, and so forth.

[0034] A torch height positioning assembly generally indicated by the number 45 may be pro-
vided to move the torch head 20 toward and away from workpiece WP, also referred to as adjusting
the torch height. Positioning assembly is any assembly capable of moving torch head 20 such that
the electrode is moved toward or away from the work piece along a torch height axis TH including
but not limited to various linear actuators including mechanical, pneumatic and hydraulic actuators.
The depicted example includes a mechanical linear actuator employing a rack and pinion assembly

as described more completely below.

(0035] Torch height positioning assembly 45 includes a pair of rails 46 supported on backing
plate 26. Rails 46 may have end stops 48, 49 to limit the range of motion provided by torch height
positioning assembly 45 and enclose the ends of rails 46. Rails 46 generally extend the entire
length of first and second arms 31, 32 to maximize the range of motion for the welding head. Al-
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though not shown, the end stops 48, 49 may be lockable in plural positions to adjust the range of
motions of positioning system 45 or to fix the torch head 20 in a particular position. Alternatively, as
shown, a gear rack generally indicated by the number 50 may be provided to adjust and set the po-
sition of torch head 20 relative to the workpiece WP.

[0036] With reference to Fig. 6, a mounting plate generally indicated by the number 55 may
include receivers 56 formed on a rear side 58 to slideable attach the mounting plate 55 to backing
plate 26. Receivers 56 may include one or more linear bearings or slide blocks generally indicated at
60 in which the rail(s) 46 is slideably received. To that end, slide blocks may include rolling elements
or other surfaces that facilitate linear movement of the mounting plate 55 relative to frame 25. Slide
blocks 60 may be housed within a recessed channel 63 formed on an inward surface of mounting
block 55. The recessed channel 63 allows a close fit between frame 25 and mounting block 55 re-
ducing the thickness of welding system 10. The reduced thickness of welding system 10 allows

welding closer to an obstruction, such as an elbow or flange.

[0037)] In the example shown, slide blocks 60 are divided into a first slide block 61 and. second
slide block 62 supported within a recessed channel 63 on mounting plate 55. Each slide block 61, 62
defines a groove or recess in which the rails 46 are slidably received. The recess within first slide
block 61 is aligned with the recess in slide block 62, when a single straight rail 46 is used as shown.
It is contemplated that offset rails may be provided in some circumstances. First slide block 61 is
vertically spaced from second slide block 62 defining a gap 65 between slide blocks 61, 62. A corre-
sponding opening 68 may be formed in the wall of recessed channel 63 to allow a pinion 70 to inter-
act with the rack 50 as discussed more completely below.

[0038] In the example shown, rack 50 includes a row of gear teeth 51 facing inward toward
opening 35. When assembled with mounting plate 55, rack 50 lies adjacent to gap 65. Pinion 70 is
received within opening 68. The teeth on pinion 70 mesh with teeth 51 of rack 50 adjacent to open-
ing 68.

[0039] To accommodate the gear rack 50, mounting plate 55 may be provided with a rabbet 66
formed on the rear side of mounting plate 55 adjacent to slide blocks 61 and 62. As shown, rabbet
66 may be formed by a divider 67 extending rearward from mounting plate 55 forming the lateral
outward side of channel 63. As shown, since the rack 50 may be located only on one side of backing
plate 26, rabbet 66 and the other structures provided to accommodate the rack 50 and pinion 70
may only be provided on one side of mounting plate 55. With continued reference to Fig. 6, divider
67 may be separated into two sections corresponding to the spacing of slider block 61 and 62 such
that gap 65 separates first divider section 67A from second divider section 67B. An opening 68 cre-
ated between first divider section 67A and second divider section 67B also receives pinion 70 allow-
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ing it to mesh with gear rack 50. To permit passage of pinion 70 through the front portion of mount-
ing plate 55, a pinion bore may extend from a front side 71 of mounting plate 55 and open on a rear
side 58 of mounting plate 55 to communicate with the gap 65 and opening 68.

[0040] In the example shown, relative movement between mounting plate 55 and backing plate
26 is used to position the torch head 20 by supporting the torch head 20 and other assemblies on
mounting plate 55. The rack and pinion system may be manually actuated to adjust and fix the posi-
tion of torch head 20. Or as shown, pinion 70 may be driven by a torch height motor 112, described
below, to automatically adjust the torch height position during initially set up and throughout the

welding process as necessary.

[0041] With reference to Fig. 2, in addition to torch head 20, a wire feeder assembly generally
indicated by the number 80, may be supported on mounting plate 55. it will be appreciated that not
all welding systems according to the invention will require a wire feed assembly, and, therefore, this
feature is optional. In the example shown, however, the welding system 10 is an orbital TIG system
and includes a wire feeder assembly 80 that provides wire W to the torch head 20 as described
more completely below. With reference to Figs. 1 and 2, wire feeder assembly 80 may include a wire
supply, such as a spool 82 and a wire feeder 85 that draws wire W from spool 82 and delivers it
adjacent to electrode E via a wire guide 90. As best seen in Fig. 1, wire W may be provided to wire
guide 90 through a conduit 86, which, as shown, may be a flexible tube. In the example shown, wire
feeder assembly 80 is generally located along first arm 51 of mounting plate 55 and suitable receiv-
ers generally indicated at 88 may be provided within first arm 51 to attach to wire feeder assembly
80 or support brackets for the wire feeder assembly 80 thereto.

[0042] With reference to Fig. 4, a drive assembly 100, generally indicated by the number 100,
may be located in the area of second arm 52 of mounting plate 55. Torch head 20 is located be-
tween wire feeder assembly 80 and drive assembly 100. It will be appreciated that torch head 20
may be located in other positions and the other components, including wire feeder assembly 80 and

drive assembly 100 may be in positions other than those shown in the drawings.

[0043] With reference to Fig. 4, as mentioned above, the height of the torch head 20 may be
‘adjusted along rails 46 by operation of the rack 50 and pinion 70. This positional adjustment may
move electrode E toward or away from the workpiece WP, and will be referred to herein as a torch
height adjustment. This adjustment may be performed automatically during the welding process by
using a torch height drive assembly, generally indicated by the number 110, that adjusts the torch
height based on feedback from a power source. For example, voltage feedback from the power
source indicates whether the electrode needs to be moved closer to or away from the workpiece
WP.
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[0044] Torch height drive assembly 110 includes a torch height motor 112 adapted to drive
pinion 70. Pinion 70 may be driven directly or indirectly by torch height motor 112. In the example
shown, pinion 70 is directly driven by motor 112 by coupling pinion 70 to the shaft of motor 112. As
best seen in Fig. 7, a ball bearing 114 may over lie a portion of the drive shaft and pinion 70 to pre-
vent radial loading on the motor shaft. To further isolate the drive assembly 100, plate 115 may be
provided between the mounting plate 55 and the drive assembly 100. The insulating plate 115 may
be made out of any suitable material to prevent arcing during the welding operation, including, but
not limited to, a phenolic material. Receivers are provided in the mounting plate 55 for attaching the
insulating plate 115 to the mounting plate 55. Drive assembly 100 generally is attached to mounting
plate 55 by fasteners that are received in the insulating plate 115. On occasion, some fasteners may
pass through insulating plate 115 and attach to mounting plate 55 directly. In these instances, it may
be necessary to provide additional insulators, such as, a phenolic washer or sleeve to isolate these

fasteners individually.

[0045] A system controller, generally indicated by the number 120, may be connected to a cir-
cuit board 122 adjacent to insulating plate 115 or attached on the side of insulating plate opposite
drive assembly 100. The circuit board 122 may be printed circuit board provided with one or more
connéctors. In the example shown, circuit board 122 routes signals from the weld head to system
controller 120. According to one aspect of the invention, system controller 120 is in electrical com-
munication with the torch head 20, power supply, and torch height motor 112 to adjust the position of
the torch head 20 based on voltage feedback from the power source. Depending on the feedback
from power source, system controller 120 may signal torch height motor 112 to rotate clockwise or
counter-clockwise to raise or lower the torch head 20 to adjust the position of electrode E relative to
the work piece. System controller 120 may be in communication with and/or control other assem-

blies as will be described more completely below.

[0046] With reference to Fig. 4, drive assembly 100 may be housed in a drive block, generally
indicated by the number 125. Drive block 125 may be constructed of any suitable material for hous-
ing the drive components, including, but not limited to, metals, plastics, ceramics, or other combina-
tions of materials. In the example shown, drive block 125 is constructed of aluminum to assist in
heat transfer in conjunction with the cooling assembly discussed more com pletely below. Drive block
125 defines one or more receivers 127, 128, 129, 130 in which portions of the drive assembly are
housed. For example, a torch height drive receiver 127 is defined within drive block 125 to receive
the drive motor 112 therein. As shown, torch height drive receiver 127 may be a through bore within
drive block 125. One or more fastener receivers 130 may be formed in drive block 125 to facilitate
attachment of drive block 125 to an adjacent block, such as, the insulating plate 115 shown. In the

example shown, fastener bore 130 includes a counter-sunk bore having a first portion 131 that re-
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ceives the shaft of the fastener 135 and a larger diameter portion 132 that receives the head of the
fastener 135. It will be appreciated that other types of fasteners may be used that cause the configu-
ration of fastener receiver 130 to vary or may remove the need for a fastener bore 130 altogether, as
in the case of a weld or adhesive used to attach the block 125 to an adjacent structure or externally

mounted fasteners.

[0047] In accordance with another aspect of the invention, the torch head 20 may be moved
laterally in a controlled manner. Lateral movement is along an axis perpendicular to the path of the
torch. In the example shown, the torch head is moved toward and away from mounting plate 55 and
may be programmed to oscillate in a pre-defined manner as described more completely below. An
oscillation motor, generally indicated at 140, may be provided to separately drive the torch head 20
laterally along an oscillation axis OA. To that end, drive block 125 may define a receiver 128 for this
motor 140. In the example shown, the oscillation motor 140 has a generally cylindrical housing that
extends substantially the entire width of drive block 125. To accommodate the oscillator motor 140
shown, an oscillator motor receiver 128 may be formed in drive block 125. Oscillator motor receiver

128 may be a through bore within drive block 125.

[0048] Likewise, a potentiometer receiver 129 may be formed in drive block 125 when a poten-
tiometer is used. In the example shown, potentiometer 150 (Figs. 4 and 8) and a mounting plate 160
for a belt tensioner 162 are located adjacent to each other and extend less than the width of the
drive block 125. To that end, receiver 129 may include a recess formed in an inward surface 126 of
drive block 125. The receiver 129 may include a single recess having a varying depth to accommo-
date both the potentiometer 150 and mounting plate 160 for the belt tensioner 162. Alternatively,
separate receivers may be formed for each part. As needed, additional receivers may be formed
within drive block 125 to accommodate additional structures therein. Also, as will be discussed more
completely below, coolant passage 170 may be formed in drive block 125 for cooling purposes. To
enclose the components within drive block 125, a cover, generally indicated by the number 155, may
be provided and attached with suitable fasteners 156 that may be secured to drive block 125, as
shown. With reference to Fig. 3, cover 155 may include a notch 157 on an inward end 158 thereof

(] proyide clearance for an end of torch head 20.

[0049] In accordance with another aspect of the invention, a motor housing cooling assembly,
generally indicated by the number 175, is provided to cool the motor housing. To that end, a coolant
passage, generally indicated at 170, may be provided within the motor housing to circulate a coolant
through the housing. he example shown, the housing for the drive assembly 100 includes drive
block 125. Drive block 125 defines a first coolant passage 171 and a second coolant passage 172.
First and second coolant passage 171, 172 may be cylindrical bores defined in drive block 125, as

shown and connected at their axial outer extremity by a machined recess 174 within drive block 125.
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It will be appreciated that other passages or connectors may be used to provide fluid communication
between first passage 171 and second passage 172. A cap 176 is provided to seal recess 174 and
enclose passages 171, 172.

{0050] Coolant assembly 175 may further include a coolant lines, such as supply line 177 and
return line 178 connected to a connector generally indicated at 180 that circulates coolant through
coolant passage 170. In the example showh, connector 180 is provided with a first connection 181
and a second connection 182 respectively received within first passage 171 and second passage
172. As best shown in Fig. 6, first and second connectors 181, 182 may have a cylindrical shape
and define an annular recess 183 for receiving a sealing member 184 such as an O-ring.

{0051) As shown, coolant line is 177, 178 and connector 180 may be located inward of insula-
tor plate 115. Insulator plate 115 may be provided with a receiver, generally located as 185 that al-
lows connectors 181, 182 to be inserted through insulating plate 115 to extend into passages 171,
172 as shown in Fig. 4. It will be appreciated that tabs or other connections may extend outwardly
from passages 171, 172 to attach to a female-style connector 180 as well. In the example shown,
coolant receiver 185 in insulating 115 has a generally rectangular shape and is sized to receive a
portion of the connector housing 186 as shown in Fig. 7. Connector housing 186 may have any
shape and may, as shown, be used to change the direction of the coolant flow and connect coolant
lines 177, 178 to connectors 181, 182. For example, as best seen in Fig. 6, taps 187, 188 may ex-
tend upwardly from one side 189 of connector while connectors 181 and 182 extend from a second
side at a right angle relative to taps 187, 188. Alternatively, recesses may be formed in the side 189
or connector housing 186 to receive the ends of coolant lines 177 and 178 to the same effect.

[0062] Coolant lines 177, 178 may be constructed of any suitable material for conveying the
coolant with attention to the temperatures of the coolant being circulated and the external tempera-
ture conditions experienced during the welling operation. The coolant lines 177, 178 may be con-
structed of metal, plastic, and other material may be used to convey coolant including but not limited
to thermal potted copper tubing, as shown. Routing the coolant lines 177, 178 on the inward side of
insulating plate 115 helps thermally isolate the coolant lines from torch head 20 and also electrically

isolate them.

[0053] A second connector, generally indicated by the number 190, may be provided to con-
nect the coolant lines 177, 178 to a suitable coolant supply. It will be appreciated that the return line
178 may be routed to a heat exchanger such that the coolant is simply re-circulated after condition-
ing. Connector 190 includes a housing 19, which may be of any shape including the rectangular box-
like shape shown. Housing 191 includes a pair of fittings 193, 194 that connect to the coolant supply
lines extending from the coolant supply. Fittings 193, 194 are arranged parallel to each other. Cool-

10
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ant lines 177, 178 are fluidly connected with fittings 193 and 194 within connector 190. A clamp as-
sembly 195 may be provided to help secure the supply and return lines that attach to fittings 193,
194. For example, as shown, clamp 195 may include two clamp halves 196, 197 defining semi-
circular recesses that face each other for receiving the lines. A fastener 199 extends downwardly
through both halves, 196, 197 and may be tightened to apply a clamping force to the lines.

[0054] During operation of the system, a coolant fluid, which may be liquid or gas, is introduced
through supply line 177 and circulated through passage 170 within drive block 125. In the example
shown, water is used as a coolant. After circulation through passage 170 the coolant exits via return
line 178. Circulation of coolant through passage 170 cools a drive assembly 110 by conducting heat
away from the electronics including the motors 112 and 140 and potentiometer 150 through drive
block 125. Preventing over-heating of these components reduces the likelihood of component failure
and the potential downtime associated with repair or replacement of the components. An additional
benefit of the cooling is that the drive block 125 temperature is reduced reducing the likelihood that
the operator would be burned through contact with the drive block 125 or other portion of the drive

assembly housing.

[0055] With reference to Fig. 5, mounting plate 55 made be provided with a coolant assembly
receiver generally indicated by the number 200. Coolant receiver 200 generally includes a recess or
other open area defined within mounting plate 55 to enclose at least a portion of coolant assembly
175. In the example shown, coolant receiver 200 includes a recess 201 that receives first connector _
180, and an elongated coolant line recess 202 that receives the coolant lines 177, 178, and opens
externally of the mounting plate 55 at opening 204. A land 205 is located adjacent to opening 204
and recessed from the upper surface 206 of mounting plate 55 to provide a surface of which second
connector 190 may rest. Adjacent to land 205 is a clamp land 207 that may be angled slightly up-
ward to tilt the fittings 193, 194, and clamp assembly 195 upward facilitating access thereto, as best
shown in Fig. 1. Also shown in Fig. 1, an upstanding guide 210 may be provided to route the coolant
lines extending from clamp assembly 195 to a conduit bracket generally indicated at 215 as used to
consolidate and route the various conduits away from the welding head.

[0056] As discussed, conduit bracket 215 can receive extensions from coolant lines (e.g., 177,
178) associated with coolant assembly 175. Conduit bracket can also receive other coolant lines
(e.g., 307, 308) described elsewhere herein. By routing various coolant lines along wire feeder as-
sembly 80, a wire feed motor of wire feeder assembly 80 can be cooled. For example, coolant lines
307, 308 can pass over or along a first face of wire feeder assembly 80, and/or extensions of coolant
lines 177, 178 projecting from connector 190 can be routed along a second face of wire feeder as-

sembly 80 to reduce a risk of overheating at least in a wire feed motor.
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[0057] As shown in Fig. 5, coolant receiver 200 may include a recess 201 (or other opening)
adapted to receive the first connector 180 in a location aligned with receiver 185 such that when the
mounting plate 155 and insulating 115 are attached to each other, connector 180 is housed within
the respective receiver 185 and recess 201. Coolant receiver 200 also includes a slot-like coolant
line recess 202 extending in an arc upward from connector recess 201 toward opening 204. As best-
shown in Fig. 1, the coolant line recess 202 has a depth sufficient to receive lines 177, 178 com-
pletely therein such that when the mounting plate 55 and insulating plate 115 are assembled, the
coolant lines 177, 178 are enclosed.

[0058] Additional recesses including recesses 212, 213 and 214 may be provided in mounting
plate 55 to receive connectors 216, 217 and 218 (Fig. 6) on circuit board 122. It will be appreciated
that additional receivers including threaded fastener receiver generally indicated that 210 may be
provided on mounting plate 55 to facilitate attachment of the welding head to the mounting plate 55.

[0059] Circuit board 122 may be electrically connected to the drive motors and sensors in the
system to route signals to system controller 120. In the example shown, connector 216 is connected
to potentiometer 150 to provide torch head oscillation position feedback. Connector 218 is con-
nected to the wire feeder 85. Signals from connectors 216, 218 are routed via circuit board 122 to
connector 217, which, in turn, communicates signals to/from system controller 120. Control signals
from system controlier 120 may be roued from connector 217 to various components in welding
system 10 including but not limited to wire feed assembly 80, torch height motor 112, and drive mo-
tor 140.

[0060] Turning to Fig. 8, further details of the lateral or oscillator drive assembly generally indi-
cated that the number 225 are shown. Torch head 20 may be moved laterally when performing or-
bital welding. Oscillator drive assembly 225 is provided to automatically move torch head 20 later-
ally. Drive assembly 225 generally includes motor 140 which is connected to an actuator, generally
indicated by the number 230. Actuator assembly 230 may include any actuator that moves torch
head 20. In accordance with one aspect of the invention, actuator assembly 230 includes a screw
actuation, such as, a ball screw or lead screw actuator. The use of a screw actuator is believed to
reduce or eliminate oscillation drift because of the positive connection between the torch head and
actuator created by their threaded engagement. In the example shown, a lead screw actuator is
used and includes a lead screw 231 rotatably supported on torch head mounting plate 250. The lead
screw 231 extends axially outward from torch head mounting plate 250 to engage torch head 20 and
cause lateral movement of torch head 20 upon rotation of lead screw 231 as described more com-

pletely below.

[0061] With reference to Fig. 15, actuator assembly 230 may also include a screw nut, which,
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as shown, may be a lead screw nut 232. Lead Screw nut 232 may be press fit into a bore defined in
torch head 20. The lead screw nut 232 has internal threads that correspond to the external thread on
lead screw 231. The pitch of these threads determines the rate of iateral movement caused by rota-
tion of lead screw 231. As an alternative to using a screw nut, the bore 233 defined within torch head
20 may be tapped to provide the necessary internal thread for the screw actuator.

[0062] Within torch head mounting plate 250, lead screw 231 may be supported in a suitable
bearing generally indicated at 235 including but not limited to the ball bearing journal 236 shown.
Bearing 235 may be press fit into a bore 237 defined in torch head mounting plate 250. The end of
lead screw 231 within bearing 235 is freely rotatable to drive the torch head 20 in the lateral direc-

" tion. In the example shown, drive motor 140 rotates in one direction to move torch head 20 laterally

outward relative to torch head mounting plate 250 and rotates in the opposite direction to return the
torch head 20 toward torch head mounting plate 250. The motor assembly may provide continuous
forward and backward rotation in a cyclical fashion to oscillate the torch head 20 through a desired
rénge of motion referred to as a stroke. The stroke is determined by the length of the lead screw 231
and may be set within any desired range. In the example shown, the maximum stroke for the torch
head 20 is 1.25 inches. Feedback regarding the motion of the torch head along axis OA may be
provided to system controlier 120 as discussed below.

[0063] Actuator assembly 230 may be directly connected to a drive motor, or, as shown, motor
140 may be located remotely from actuator assembly 230 and connected by drive coupler, generally
indicated at 240, as shown. Drive coupler 240 may be any system for mechanically connecting mo-
tor 140 to actuator assembly 230 including but not limited to linkages, gear sets, or a belt system as
shown. In the example shown, drive coupler 240 includes a first cog 241 associated with drive motor
140. It will be appreciated that drive motor 140 may have an internal gear box associated with it as
well. First cog 241 is rotationally connected as by a key or other mechanisms such that cog 241
rotates with a drive shaft 141 extending from drive motor 140. A second cog 242 is attached to lead
screw 231. A toothed belt 245 fits over first cog 241 and second cog 242 to connect the motor 140 to
lead screw 231. The teeth on belt 245 are not shown in the figure, but any number of teeth may be
used and suitable timing belts are commercially available to engage cogs 241, 242.

[0064] Optionally, as shown, welding system 10 may include a potentiometer 150 to provide
feedback regarding the lateral position of torch head 20. An encoder may also be used in place of
the potentiometer in the system shown. Potentiometer 150 has a third cog 243 mounted on its shaft
163 to sense lateral movement of torch head 20 proportionately from the rotation of screw 231 as
indicated through movement of belt 245. To that end, third cog 243 is interposed between first cog
241 and second cog 242 and the belt 245 routed over it so that it rotates with the rotation of drive
motor 140. The rotation of third cog 243 generates a signal at potentiometer 150, which in the ex-
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ample shown is between 0 and 10kQ. This range corresponds to the stroke of the torch head 20.
Therefore, the torch head 20 is located in a centered position relative to the overall when the poten-
tiometer provides a 5 kQ signal. The center position may correspond to the center of the joint being
welded such that the complete stroke (0-10 kQ) represents one haif of the stroke on one side of the
joint and the other half of the stroke on the opposite side of the joint allowing oscillation of the torch
head in a pattern that equally spans the joint on the workpiece WP. For example, a root pass weld
may be formed by oscillating the torch head 20 across the joint. Other patterns may be formed by
oscillation of the torch head 20 on axis OA and relative rotation between the torch head and work-
piece WP. Manual input from an operator or automatic input from system controller 120 may be
used to "steer” the oscillation of torch head 20. For example, the center point, which as discussed
may correspond to the joint on the workpiece WP, may be reset left or right of its first position to
move the oscillation left or right. Alternatively, other points of reference may be used to make rela-
tive movement of torch head 20 for purposes of steering the weld. For example the outer extremes
of the stroke may be reset to steer the weld as well. In the example shown, these extremes would be

seen by the potentiometer as the 0 kQ and 10 k(2 signals.

[0065] Third cog 243 may be sized to create a defined relationship between one rotation of
motor drive shaft 141 and potentiometer shaft 153. For example, third cog 243 may be twice the
diameter of first cog 241 to establish a two to one relationship between the rotation of the potenti-
ometer shaft 153 relative to drive shaft 141. Thus, in the example shown, for each complete rotation
of drive shaft 141, potentiometer shaft 153 makes a half of a rotation. it will be appreciated that other
relationships may be provided including a one to one relationship or relationships greater than or

less than a one to one relationship as needed.

[0066] As a further option, to maintain tension on the belt as it extends between the first cog
243 and second cog 242, a belt tensioner 162 may be provided. Belt tensioner 162 may include an
idler wheel 164 rotatably mounted on a hub 165. As best shown in Fig. 8, hub 165 may be sup-
ported on a fastener 166 extending through mounting plate 160. Mounting plate 160 may define a
slotted opening 167 that is oriented to allow vertical adjustment of the position of the tension 161. As
best shown in Fig. 9, oscillator drive assembly 225 may be partially housed within a torch head
mounting plate, generally indicated by the number 250. Torch head mounting plate 250 may define a
receiver generally indicated by the number 252 (Fig. 7) that at least partially houses the drive cou-
pler 240; cogs 241, 242, and 243; and idler 164. Receiver 252 may be a recess formed in torch head
mounting plate 250 on an inward surface 251thereof to accommodate vertical movement of idler
164, receiver 252 may include a notch 254 over idler 164 to provide additional clearance for such
vertical movement. A corresponding receiver is formed on insulating plate 115 to enclose the por-
tions of oscillator drive assembly 225 extending beyond the inward surface 251 of torch head mount-

ing plate 250.
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[0067] In accordance with another aspect of the invention, torch head mounting plate 250 may
support a torch guide assembly generally indicated by the number 260. Guide assembly 260 may
include one or more guide members, such as, a first guide rod 261 and a second guide rod 262 that
extend through torch head mounting plate 250 and parallel to lead screw 231. Guide rods 261, 262
may have any shape including but not limited to the cylindrical shape shown. Guide rods 261, 262
may be constructed of any suitable material that is capable of supporting torch head 20 and with-
stands the temperature conditions surrounding the torch head 20. For example, aluminum with a
ceramic coating or a stainless steel may be used. In the example shown, the guide rods 261, 262
are made from stainless steel. One or more of the guide rods 261, 262 may be used to provide volt-
age feedback from the torch head 20. To that end, the ends 263, 264 or guide rods 261, 262 may
extend through the insulating plate 115 to contact conductive pads 265 on circuit board 122 of sys-
tem controller 120 to provide the voltage feedback. As discussed above, voltage feedback from con-
ductive pads 265 may be routed by circuit board 122 to connector 217, which sends the voltage
feedback to system controller 120.

[0068] With reference to Figs. 9 and 10, to accommodate the actuator assembly 230, torch
head 20 generally includes a torch body 270 that may be constructed of a variety of materials inciud-
ing metals and ceramics. In the example shown, power is applied to the torch body 270 directly such
that the torch body 270, and therefore, torch body 270 is constructed of a conductive material such
as cooper, aluminum, or brass. In the particular example shown, brass has been used. Torch body
270 may define guide bores 271, 272 that respectively receive guide rods 261, 262. In addition, an
actuator bore 274 is provided to receive the lead screw nut 233 as discussed above.

[0069] Torch body 270 may have any shape including block-like forms and the like. In the ex-
ample shown, torch body 270 generally has a wedge shape to improve radial clearance. Torch body
270 is thicker on a first side 276 to permit cooling connections to the torch head 20 as will be dis-
cussed more completely below. From first side 276, the lower surface 278 of torch body 270 extends
upward toward second side 280 to reduce the height of the torch body 270 on that side 280. The
recessed area generally indicated at 282 formed by lower surface 278 provides clearance for a
shielding cup, generally indicated by the number 285, and the electrode E mounted therein. This
compact arrangement further improves the radial clearance for the torch head 20.

[0070] In accordance with another aspect of the invention, a torch head cooling assembly,
generally indicated by the number 300 is provided. Torch head cooling assembly 300 includes a
torch cooling passage 305 defined within the torch body 270. Torch cooling passage 305 generally
includes an inlet passage 301 and an outlet passage 302 that connect to corresponding inlet and
outlet cooling lines 307, 308. A connecting passage 304 bridges the inlet passage 301 and outlet
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passage 302 to allow continuous circulation through torch body 270. In the example shown, the
passage 305 is formed by boring inlet passage 301 and outlet passage 302 at an upward angle ex-
tending into torch body 270 from first side 276. To make the torch body 270 as compact as possible,
these passages 301, 302 may be aligned with each other and lie in the same plane. Likewise, con-
necting passage 304 maybe formed by boring into the torch body 270 from an interior surface 277 of
torch body 270 along an axis parallel to oscillation axis OA and lie within the plane defined by the
passages 301, 302. As shown, passage 304 intersects the inner extremities of passages 301, 302 to
create fluid communication there between and generally forms a u-shaped cooling passage 305. To
close passage 304 inward of outiet passage 302, a plug may be inserted into the portion of the bore

extending inward thereof.

[0071] As best seen in Figs. 12 and 13, the bores forming inlet and outlet passages 301, 302
may be counter sunk to receive a fitting 320 to which fluid lines 307, 308 attach. Given the proximity
of the lines 307, 308 to torch head 20, protective caps 311, 312 may be provided to cover the fitting
320 and lines 307, 308 at their ends. From protective caps 311, 312, fluid lines 307, 308 may be
routed back to bracket 215 and from there to a suitable coolant supply. In the example shown, the
torch head is cooled by water.

[0072] The torch head 20 shown may be provided with a gas shielding assembly generally
indicated by the number 325 in Fig. 14. Gas shielding assembly includes a gas supply line 326 that
may be routed to bracket 215 and from there to a suitable gas supply. Gas supply may include a
pressurized cylinder or non-pressurized source connected to a pump. The gas supplied is generally
an inert gas, such as, argon. This example, is not limiting as it is known to use other types of gas to
provide shielding during welding. Shielding gas assembly 325 further includes a gas passage gen-
erally indicated by the number 330 that is defined within torch body 270. Gas passage 330 fluidly
connects the gas supply line 326 to a shield gas outiet 332 formed in torch body 270. The gas outlet
332 communicates with the electrode assembly 350 (Fig. 17). Briefly, shield gas exists torch body
270 at the outlet 332 and is channeled through the electrode assembly 350 to direct shielding gas
toward the electrode and the welding zone Z. Returning to Fig. 14, passage through 30 may have
any configuration including the generally L-configuration shown. In the embodiment shown, a gas
inlet passage 331 extends downward and toward first side 276 of torch body 270 gas inlet passage
331 may be counter sunk at 333 to receive a quick connect fitting 335. The example quick connect
fitting has a pair of frusto-conical rings that expand outward toward the inlet passage 331 allowing
the line 326 to be press fit onto the quick connect 335. Torch body 270 may be recessed relative to
first side 276 at 336 to provide clearance for the quick connect 335 and a vertical high adjustment
mechanism, described more completely below. Gas passage 330 may further include a connecting
passage 337 that extends from inlet passage 331 across torch body 270 along a line parallel to axis
OA which may be formed by boring into the torch body from the inward side 277 thereof. Again, any
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portion of the bore forming passage 337 extending beyond inlet passage 331 may be plugged to
close this passage from the atmosphere.

[0073] As best shown in Fig. 17, shield gas S is directed from outlet 332 into the electrode as-
sembly 350. Electrode assembly 350 may be commercially available electrode assembly including,
for example, the Gas Saver™ electrode assembly provided by CK Worldwide. In general, electrode
assembly 350 includes a collet body 352 that includes a neck portion 354 that extends upwardly to
gas outlet 332 and defines a central bore through which shielding gas S is received. Collet body 352
also includes a center portion generally indicated at 355 that has a disk-like body 356 that extends
radially outward from neck portion 354 and includes a central flange 357 and an upper flange 358
that are spaced from each other to receive a sealing member 360 such as a silicon O-ring, as
shown. A lower flange 359 may be spaced downward from central flange 357 to define an annular
recess about the collet body 355. A shielding gas manifold may be formed within collet body 355 at
362 and includes a hollow gas outlets 364 that extend radially outward from the hollow interior 362

‘and into the annular space defined between flanges 357 and 359. A tungsten adapter generally indi-

cated at 365 may be attached to a fower portion of colfet body 355 and include a diffuser plate 366.
The diffuser plate 366 may include a pair of perforated tungsten plates sandwiching a central
screen. A Pyrex® shielding cup may be pressed fit onto sealing member 360 and surround the collet
body 355 and diffuser plate 366. Gas exiting the manifold 362 passing through the diffuser plate 366
and is channeled toward the electrode E and welding zone Z by shielding cup 285.

[0074] With continued reference to Fig. 17, torch body 270 made to find a counter sunk bore
375 extending downward from the top surface 275 of torch body 270. A wedge collet 376 may be
used to hold the electrode within the central bore formed in the collet body where a portion of the
wedge collet 376 and electrode E extend upward into the bored 375. The lower portion 377 of
counter sunk bore 375 may be threaded to receive a cap screw 380 (Fig. 12) therein to close the
bore and secure the electrode E.

[0075] In accordance with another aspect of the invention, a compact wire fixture generally
assembly indicated by the number 400 is embedded in torch head 20 as best shown in Fig. 15-20.
Wire fixture assembfy 400 generally includes a wire height adjustment assembly generally indicated
by the number 405 and may optionally also include a wire alignment assembly generally indicated at

[0076) Includes a bracket [402] to which the wire guide 90 is attached. The vertical position of
the wire guide 90 may be manipulated by operation of a height adjustment assembly generally indi-
cated by the number 405. As best shown in Figs. 15 and 16, wire height adjustment assembly 405
may include a gear rack 406 that is actuated by a pinion gear 408 supported on shaft 410, which
may be rotated by an easily graspable member such as a spade head, knuried head, or knob 412,
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shown, that is pinned to the shaft and located within the recessed portion 336 of torch body 270

above shielding gas line 326.

[0077] As best shown in Fig. 14, torch body defines a central slot 415 that extends vertically
through torch body 270 between cooling inlet passage 302 and connector 304. The slot 415 is
formed in a first side 276 ot torch body 270 and extend inward from first side 276. This vertical slot
415 accommodates both the rack 406 and pinion 408 housing them within torch body 270. Pinion
shaft 410 is journaled within a bore 420. Bore 420 may be counter sunk at its outward end 422 to
receive a circular wheel 424 that may be mounted on a noncircular pinion shaft 410. The pinion shaft
410 may further include a cylindrical sleeve 426 that may be journaled within the narrow portion 421
of bore 420. The wheel 424 has a larger diameter than sleeve 426 and may interact with the edge
428 dividing portions 421, 422 to stop axial inward movement of shaft 410, as needed. As best seen
in Fig. 15 the pinion gear 408 may be key to the noncircular portion of shaft 410 to rotatably connect
the shaft 410 to the pinion gear 408. To fix the height of wire guide 90, a fastener including but not
limited to a pin clip, or a set screw 430, as shown, may be used to lock the rack 406. A set screw
bore generally indicated at 435 may be provided extending from the front face 279 of torch body 270
inward into the slot 415 to interact with the side wall 407 of gear rack 406. As best shown in Fig. 16,
set screw 430 may be an Allen® boit.

[0078]  With reference to Fig. 18,\ gear rack 406 may be connected to bracket 402 by a cross
piece 440. Cross piece 440 has a similar width to gear rack 406 and is made to move within slot 415
to preserve the compactness of the wire height adjustment assembly 405. Optionally, to provide
further compactness, the upper surface 442 of cross piece 440 may be made concave to provide a
recess 443 in which the pinion gear 408 is received (Fig. 20).

[0079] In accordance with another aspect of the invention, wire fixture assembly 400 may in-
clude a wire alignment assembly 450 to provide further adjustment of the position of the wire W.
Wire alignment assembly 450 may be interposed between bracket 402 and height adjustment as-
sembly 405, as shown. As best shown in Figs. 18 and 19, bracket 402 generally defines a through
bore 401 through which the wire guide 90 is inserted and portion of the conduit 86 may be received.
A clamp assembly 403 may be provided to secure the wire guide 90 within this bore 401. While
bracket 402 may be connected by a solid attachment to vertical height adjustment assembly 405
such that no further positional adjustment of the wire guide 90 may be made other than the height
adjustment, further positional adjustment may be provided by attaching bracket 402 to the vertical
height adjustment assembly via wire alignment assembly 450. Wire alignment assembly 450 gener-
ally is adapted to align wire W with electrode E and may simply provide rotation about a vertical axis.
Optionally, as shown, wire alignment assembly 450 provides additional degrees of freedom by way
of a ball and socket fixture 451.
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[0080] The example ball and socket fixture may include a sleeve 452 that is attached to cross
piece 440. The sleeve 452 defines a socket 453 including a cylindrical bore 454 which may be
counter sunk at an upper portion to form a counter sunk portion 456 having a larger radius than bore
454. Wire alignment assembly further includes a bulb 460 that inciudes a ball 461 with a neck 462
extending downward from ball 461. The neck 462 may have an external thread, schematically
shown at 464 toward the lower end 465 of neck 462 to facilitate attachment of bulb to bracket 402.
When assembled, the neck 462 extends through bore 454 and is threaded into a receiver 470 de-
fined in an upwardly extending boss 472 in bracket 402. It will be appreciated that bulb 460 may be
attached to bracket 402 in other manners including but not limited to a press fit (Fig. 17), interfer-

ence fit, pinning, or welding.

[0081] As best shown in Fig 19, boss 472 may have a land 474 that extends upward and in-
ward at an angle relative to bore 401. This land 474, when attached to neck 462 may butt against
the lower surface of sleeve 452 to form a preset angle © between wire guide 80 and cross piece 42.
Neck 462 may, as shown, be considerably smaller than bore 54 allowing free movement of bracket
402 by rotating the ball 461 within the socket 453 formed by sleeve 452. This positioning capability
includes rotation about the vertical axis 480 defined by neck 462; tilting from side to side; pitching
bracket 402 forward and back; and combinations of these movements. This freedom of movement
allows the wire W to be aligned with electrode E and oriented to facilitate the welding process. Once
the desired paosition of the wire guide 90 and wire W is achieved, the selected position may be held
by locking ball 461 in place. This may be performed by using a set screw or other known method of
fixing a ball and socket. In the example shown, a locking assembly, generally indicated at 485, in-
cludes a hat 486 that defines a concave receiver 488 into which an upper portion of ball 461 is re-
ceived. The outer surface 490 of hat 486 surrounding receiver 488 is sized to fit within the counter
sunk portion 456 of sleeve 452 such that the hat 486 may be driven downward to compress the ball
461 in socket 453 to lock it in a selected position. It will be appreciated that a hat 486 may be driven
downward to compress the ball 461 and lock it in position in a number of manners including sam-
pling manually squeezing the hat 486 onto ball 461. Alternatively, as shown, outer surface 490 of hat
and inner surface 492 of counter sunk portion 456 may include threads 493 that may be used to
adjust the height of hat 486 relative to ball 461 by rotation of the hat 486. Corresponding internal
threads 494 may be formed on counter sunk portion 456 of sleeve 452. For example rotation in the
clockwise direction may drive hat 486 downward to compress the ball 461 within socket 453, and
counterclockwise rotation may raise hat 486 to release a compressive force on ball 461. To facilitate
this rotation, a head 495 may be affixed to hat 486 that may be more easily grasped then hat 486
and may be sized to provide leverage to the operator. For example, head may include, but is not
limited to a spade head, knurled head, wing head, or a knob. Head 495 may be attached to hat 486,
or, as shown, hat 486 and head 495 may be formed as an integral part.
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[0082] As best seen in Fig. 21, wire fixture assembly 400 may be located generally in the same
plane as electrode E to globally align wire W with electrode E. Wire fixture assembly 400 may then
provide additional fine tuning of the wire position to optimize performance of the torch head 20. As
discussed wire fixture assembly 400 is housed largely within the body 270 of torch head 20 and is
positioned to hold bracket 402 between torch head inlet and odtlet cooling lines 307, 308. By receiv-
ing a portion of bracket 402 and angling the wire guide 90 downward, greater radial clearance is
provided adjacent to electrode E. Clamp assembly 403 protrudes from cooling lines 307,308 to allow
the operator to access clamp assembly 403 and adjust the stick out of wire guide 90 as needed. As
referenced above, wire height adjustment assembly 405 may be used to move wire W vertically.
Once a selected vertical position is achieved, the height adjustment assembly 405 may be locked in
position by a wire height locking assembly, such as a set screw 430 that holds rack 406 against a
wall of central slot 415. Similarly, additional adjustment of the wire position may be made with wire
alignment assembly 450 including rotation about a vertical axis, pitch, roll, and combinations thereof
using the ball and socket joint provided by sleeve 452 and ball 461. Once a selected position is
achieved using wire alignment assembly 450, this position may be held by a locking assembly such
as a hat 486 that is tightened down on the ball 461 to compress the ball 461 within sleeve 452. it will
be appreciated that the wire positioning steps described above may be taken in any order or omitted
and are just one method of using the described wire fixture assembly 400.

[0083] Overall, operation of welding system 10 may include positioning a workpiece WP within
opening 35 and powering the system 10 so that torch head 20 is moved laterally and vertically to
align electrode E with the joint between the parts of the work piece that are to be welded. The sys-
tem controller 120 may be programmed to apply a weld to the joint as relative rotation occurs be-
tween the workpiece WP and the electrode. This may include laterally moving the torch head 20 on
guide assembly 260 by operation of actuator assembly 230. Adjustments to the height and lateral
position of the electrode may be made automatically through feedback from the torch head 20 and
other sensors and/or by manual adjustments made by the operator. For example, voltage feedback
from torch head 20 may be used by system controller to drive torch height motor 112 to raise/lower
the welding head by moving mounting bracket relative to frame 25. Similar feedback may be used to
adjust wire feed speed, the speed of rotation between the torch head and workpiece WP, lateral
torch head speed and stroke length, and other welding system parameters. System controller 120
may also accept manual input to adjust these parameters. For example, the operator may “steer” the
torch head 20 by making manual adjustments during oscillation (lateral movement) of torch head 20.
Effectively, system controller 120 sees the joint as the center of oscillation, and the manual input
from the user may be used to reset this center point effectively steering the oscillation left or right of

the original center point value.
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[0084] In addition, manual adjustment of the wire position may be made during set up of the
torch head 20 using wire fixture assembly 400, as discussed above. Wire fixture assembly 400 is

- housed within body 270 of torch head 20 to maximize radial clearance for the workpiece WP. The

body 270 of torch head 20 may have a wedge-like shape tapering upward and inward from the side
276 of body 270 that houses wire fixture assembly 400 and torch head cooling assembly 300 to
define a recessed area 280 in which the electrode assembly 350 and shielding cup 285 are received
to further maximize radial clearance for the workpiece WP.

[0085] Operation of welding system 10 creates heat at torch head 20 and through operation of
the motors 112, 140 used to position torch head 20. Welding system 10 may supply coolant via a
motor housing cooling assembly 175 and torch head cooling assembly 300. These assemblies may
be controlled by system controller 120, manually activated, or run continuously when the system 10

is powered.

[0086] While principles and modes of operation have been explained and illustrated with regard
to particular embodiments, it must be understood that this may be practiced otherwise than as spe-

cifically explained and illustrated without departing from its spirit or scope.

[0087] What has been described above includes examples of the subject innovation. 1t is, of
course, not possible to describe every conceivable combination of components or methodologies for
purposes of describing the claimed subject matter, but one of ordinary skill in the art may recognize
that many further combinations and permutations of the subject innovation are possible. Accord-
ingly, the claimed subject matter is intended to embrace all such alterations, modifications, and
variations that fall within the spirit and scope of the appended claims.

[0088] Specific embodiments of an innovation are disclosed herein. One of ordinary skill in the
art will readily recognize that the innovation may have other applications in other environments. In
fact, many embodiments and implementations are possible. The following claims are in no way in-
tended to limit the scope of the subject innovation to the specific embodiments described above. in
addition, any recitation of "means for" is intended to evoke a means-plus-function reading of an ele-
ment and a claim, whereas, any elements that do not specifically use the recitation "means for", are
not intended to be read as means-plus-function elements, even if the claim otherwise includes the

word "means”.

[0089] Although the subject innovation has been shown and described with respect to a certain
preferred embodiment or embodiments, it is obvious that equivalent alterations and modifications will
occur to others skilled in the art upon the reading and understanding of this specification and the

annexed drawings. In particular regard to the various functions performed by the above described
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elements (e.g., enclosures, sides, components, assemblies, etc.), the terms (including a reference to
a "means") used to describe such elements are intended to correspond, unless otherwise indicated,
to any element which performs the specified function of the described element (e.g., that is function-
ally equivalent), even though not structurally equivalent to the disclosed structure which performs the
function in the herein illustrated exemplary embodiment or embodiments of the innovation. In addi-
tion, while a particular feature of the innovation may have been described above with respect to only
one or more of several illustrated embodiments, such feature may be combined with one or more
other features of the other embodiments, as may be desired and advantageous for any given or
particular application. Although certain embodiments have been shown and described, it is under-
stood that equivalents and modifications falling within the scope of the appended claims will occur to
others who are skilled in the art upon the reading and understanding of this specification.

[0090] In addition, while a particular feature of the subject innovation may have been disclosed
with respect to only one of several implementations, such feature may be combined with one or
more other features of the other implementations as may be desired and advantageous for any
given or particular application. Furthermore, to the eXtent that the terms “includes,” “including,”
“has,” “contains,” variants thereof, and other similar words are used in either the detailed description
or the claims, these terms are intended to be inclusive in a manner similar to the term “comprising”

as an open transition word without precluding any additional or other elements.
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REFERENCE NUMBERS
10 welding system 85 wire feeder
15 welding head 86 wire conduit
19 housing 88 receivers
20 torch head 90 wire guide
25 frame 100 drive assembly
26 backing plate 112 height motor
31 first arm 115 insulating plate
32 second arm 120 system controller
33 cross piece 122 circuit board
35 opening 125 drive block
37 outer-extremities 126 inward surface
45 torch height positioning assembly 127 height drive receiver
46 rails 128 motor receiver
48 end stop 129 potentiometer receiver
49 end stop 130 fastener receiver
50 gear rack 140  oscillation motor
51 teeth 150 potentiometer
52 second arm 153  potentiometer shaft
54 bore 155  cover
55 mounting plate or block 156 suitable fastener
56 receivers 157 notch
58 rear side 158 inward end
60 slide blocks 160  mounting plate
61 first slide block 162  belt tensioner
62 second slide block 164  idler wheel
63 recessed channel 165  hub
65 gap 170 coolant passage
66 rabbet 171 first coolant passage
67 divider 172 second coolant passage
67A  first divider section 174  machined recess
67B  second divider section 175 motor housing cooling assembly
68 opening 176 cap
70 pinion 177 supply line or coolant line
71 front side 178  return line or coolant line
80 wire feeder assembly 180  connector or passage connection
82 spool 181 first connector
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182
183
184
185
186
187
188

190

191
193
194

195

196
197
200
201
202
204
205
206
207
210
212
213
214
215
216
- 217
218
. 225
230
231
232
233
236
237
240
241
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second connector
annular recess
sealing member
coolant receiver
connector housing
tap
tap
connector
housing
fitting
fitting
clamp assembly
halve
halve
coolant receiver
recess
coolant line recess or recess
opening
land
upper surface
clamp land
upstanding guide
recess
recess
recess
conduit bracket
connector
connector
connector

torch head
actuator assembly
lead screw
lead screw nut
bore
ball bearing journal
bore
drive coupler

first cog
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242
243
245
250
251
252
260
261
262
263
264
265
270
271
272
274
276
278
279
280
285
300
301
302
304
305
305
307
308
31
312
325
326
330
331
332
333
335
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second cog

third cog

toothed belt
mounting plate
inward surface
receiver

guide assembly
guide rod

guide rod

end

end

pads

torch body

guide bore

guide bore

actuator bore

first side

lower surface

front face

second side
shielding cup

torch head cooling assembly
intet passage

outlet passage
connecting passage
cooling passage
cooling passage
coolant line

coolant line
protective cap
protective cap
shielding gas assembly
gas supply line

gas passage

inlet passage

shield gas outlet
step

quick connect fitting
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336 recessed portion
350 electrode assembly
352 collet body
354 neck portion
355  collet body
356 disk-like body
357  central flange
358 upper flange
359  lower flange
360 sealing member
362  manifold
365 step
366  diffuser plate
375  counter sunk bore
376  wedge collet
377 lower portion
380 cap screw
400 wire fixture assembly
401 bore
402  bracket
403  clamp assembly
405  wire height adjustment assembly
406 gear rack
407  side wall
408 pinion gear
410  shaft
412 knob
415  central slot
420  bore
421 narrow portion
422  outward end
424 circular wheel
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426
428
430
435
440
442
443
450
451
452
453
454
456
460
461
462
465
470
472
474
485
486
488
490
492
493
495

WP
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sleeve

edge

set screw

step

Cross piece
upper surface
recess
alignment assembly
socket fixture
sleeve

socket
cylindrical bore
sunk portion
bulb

ball

neck

lower end
receiver
extending boss
land

step

hat

concave receiver
outer surface
inner surface
threads

head

electrode
wire
workpiece

zone
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CLAIMS

What is claimed is:

10

15

20

25

30

35

A cooled drive housing, comprising:

a drive block (125) configured to at least partially surround a drive assembly;

an insulating plate (115) configured to close at least a portion of a first side of the drive block
(125);

at least one motor receiver (127; 128; 129) within the drive block (125) configured to receive
at least one drive motor (112; 140;...); and

at least one coolant passage (170; 171; 172; 174) configured to circulate coolant through the
cooled drive housing.

The cooled drive housing of claim 1, wherein the drive block (125) is configured to substan-

tially conform to a curved profile.

The cooléd drive housing of claim 1 or 2, wherein the insulating plate (125) is constructed at

least in part of an electrical insulator and/or of a thermal insulator.

The cooled drive housing of anyone of the claims 1 to 3, further comprising a coolant re-
ceiver (185) configured to travel through the insulating piate (115) to the at least one coolant
passage (170).

The cooled drive housing of anyone of the claims 1 to 3, further comprising a coolant re-
ceiver (185) configured to travel through the insulating plate (115) to the at least one coolant
passage (170) further comprising:

at least one coolant supply line (1l77); and

at least one coolant return line (178), wherein the at least one coolant supply line is config-
ured to provide coolant to the at least one coolant passage (170) via the coolant receiver
(185), and wherein the at least one coolant return line is configured to receive the coolant

from the at least one coolant passage (170) via the coolant receiver.
The cooled drive housing of claim 5, wherein the at least one coolant supply line is config-
ured to substantially conform to a curved profile, and wherein the at least one coolant return

line is configured to substantially conform to the curved profile.

A drive block (125) for use with an orbital welding system (10), preferably comprising the

features of one of the claims 1 to 6, comprising:
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10.

11.

12.
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an insulating plate (115) disposed toward a first side of the drive block (125) that at least
partially supports a drive assembly (100);

a mounting block (55) that mates with at least a portion of the insulating plate (115);

at least one ¢oolant passage (170; 171, 172, 174) through the drive block (125);

at least one supply line (177) in fluid communication with the at least one coolant passage,
wherein the supply line is enclosed within an elongated recess (202) formed within at least
one of the insulating plate (115) and the mounting block (55).

The drive block of claim 7, further comprising:

at least one passage connection (180) that provides an interface facilitating fluid communi-
cation between the at least one supply line (177) and the at least one coolant passage (170);
a receiver (185; 200) defined by one aor more of the insulating plate (115) and the mounting
block (55), wherein the receiver accepts the at least one passage connection (180).

The drive block of claim 7 or 8, wherein the at least one passage connection attaches sub-
stantially normal to the at least one supply line and substantially coincides with the at least

one coolant passage.

The drive block of anyone of the claims 7 to 9, wherein the insulating plate is constructed at
least in part of a phenolic material.

A welding system (10) comprising:

a frame (25) having a curved profile configured to at least partially surround a cylindrical
work piece, the frame including:

one or more mounting plates (55;...) and one or more backing plates;

one or more coolant supply fines (177) that substantially conform to the curved profile and
are contained within the frame; ’

one or more coolant return lines (178) that substantially conform to the curved profile and
are contained within the frame,

wherein the one or more coolant supply lines (177) and the one or more coolant return lines
(178) are contained between the one or more mounting plates and the one or more backing

plates.

The welding system of claim 11, the frame further comprising a drive block conforming to the
curved profile including one or more transverse cooling passages that circulate coolant
through a drive block (125) parallel to two or more drive motors, the one or more transverse
cooling passages (170; 171, 172) receive coolant from at least one of the one or more cool-

ant supply lines and return coolant to at least one of the one or more coolant return lines.
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13. The welding system of claim 11 or 12, the frame further comprising at least one torch cool-
ant line (307, 308) coupled with at least one of the one or more coolant supply lines that
supplies coolant to at least a portion of a torch head assembly (20), wherein the at least one

5 ~ torch coolant line substantially conforms to the curved profile and is contained within the
frame.
14. The welding system of anyone of the claims 11 to 13, the frame further comprising at least

one wire coolant line coupled with at least one of the one or more coolant supbly lines that
10 supplies coolant to at least a portion of a wire feeder assembly, wherein the at least one wire
coolant line substantially conforms to the curved profile and is contained within the frame.

15. The welding system of anyone of the claims 11 to 14, the frame further comprising a conduit
bracket disposed toward an end of the curved profile that retains a plurality of conduits in-
15 cluding at least extensions of the one or more coolant supply lines and the one or more

coolant return lines.

28



WO 2014/140741 PCT/IB2014/000316




PCT/IB2014/000316

WO 2014/140741

2/21




WO 2014/140741 PCT/IB2014/000316




PCT/IB2014/000316

WO 2014/140741

4/21




WO 2014/140741

5/21

PCT/IB2014/000316

FIG-5




PCT/IB2014/000316

WO 2014/140741

6/21




PCT/IB2014/000316

WO 2014/140741

7/21

\\ //
L—IIA g h
e ~
~\ N
vt AN
V3 AN
, \
, \
; \
Vi A
7 \
; \
/ \
/ N
/ \
hﬁ.;llll\ /
!
\\
!
0L “
I
1
ST
@) ,
A
G \ !
\ /
/ \
\ /
o /\08T Y )
. N /
\ ’
// \\
PIT c0¥ 7

GI1
841

—_ -




PCT/IB2014/000316

WO 2014/140741

8/21




PCT/IB2014/000316

WO 2014/140741

9/21




WO 2014/140741 PCT/IB2014/000316

10/21




WO 2014/140741 PCT/IB2014/000316

11/21

FIG-11

250




WO 2014/140741 PCT/IB2014/000316

12/21

86

230




PCT/IB2014/000316

WO 2014/140741

13/21

0g



WO 2014/140741 PCT/IB2014/000316

14/21




PCT/IB2014/000316

WO 2014/140741

15/21

12 B

&

¥4

(41

L) T

A
A
Y]



PCT/IB2014/000316

WO 2014/140741

16/21




WO 2014/140741 PCT/IB2014/000316

o
(@]
./'/#>
7 /J
—10 B
< | &
) \
R T P "\
>~ LS '\ \\\ \\\\
c'l; \‘*\\\\\» \<\ \/ Zpn ﬂ
N SN N NN RN
~ \\ NN, \ . \\ \\ N
\\/\\ \\\\\\\\ \\ N \\\Q\\.\g\; N\
/£ Vi / 7 N
© . i /¢\ L ’ N \ \\\\.\~ \<<:\\\§\\\\E/—-_£ Lﬂ
~ )/\‘/\\\\ . 2 NC ‘ S| MY \\\A o
) ' ~ N ©
] TT————©
o (A}
- N TTT———©
& \ N pd




WO 2014/140741 PCT/IB2014/000316

18/21




WO 2014/140741

19/21
495
486@
!
- ~——480

400

PCT/IB2014/000316




WO 2014/140741 PCT/IB2014/000316

20/21




WO 2014/140741 PCT/IB2014/000316

21/21

86

o

o
D~
AV



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings

