
Orbital Weld Head Related Application [0001] This
application claims the benefit of the filing date of
US Provisional Application No. 60/481,216 filed August
12, 2003, the entire disclosure of which is
incorporated by reference. Background of the invention
[0002] Orbital welding involves the use of a weld head
that retains an electrode that revolves (orbits)
around a workpiece as it welds the workpiece. The
workpiece may be, for example, two cylindrical tubes
having abutting end portions to be welded together end
to end. [0003] A known orbital welder includes a weld
head that has two jaws defining an opening between the
jaws. The weld head is placed in a welding position
relative to the workpiece by moving the workpiece
through the opening between the jaws. The workpiece is
then in a circular work space inside a rotor. The
rotor carries an electrode. When the weld head is
actuated, the rotor rotates about the workpiece, and
the electrode orbits about the workpiece. An electric
arc is produced between the electrode and the
workpiece. The heat of the arc welds the joint on the
workpiece. Representative patents showing this general
type of welder are U.S. Patent Nos. 4,379,215 and
5,844,190, the entire disclosures of which are
incorporated herein by reference. [0004] The arc
welding process produces a substantial amount of heat.
Many known orbital welders have no internal cooling
system and utilize plastic components that do not
dissipate the heat well. This can degrade any plastic
components of the weld head and thereby limit the
number of workpieces the known weld head can weld
before the weld head must be allowed to cool. Other
known orbital welders have a water cooling system or
other forced cooling system. [0005] Heat generated
during the welding process can also cause expansion of
parts of the known weld head. For example, one portion
of the known weld head includes a circular groove with
a rectangular cross-sectional configuration. The rotor
has a circular boss with a 



complementary rectangular cross-sectional
configuration. The boss on the rotor is received inthe
groove. The slip fit engagement of the boss in the
groove controls and guides movement of the rotor. As
the parts of the known weld head heat up and expand,
the rotor boss can bind on the portion of the known
weld head that includes the groove. [0006] One way to
avoid binding is to add more clearance between the
rotor and the insert; this produces, however, an
electrode that does not orbit with a consistent arc
gap. Summary of the Invention [0007] The present
invention provides a rotor and insert configuration
that produces a consistent arc gap and no binding
without the need for the additional clearance. Thus,
the present weld head design allows for the inevitable
expansion that comes with use, without having to
provide extra clearance in the system to accommodate
that expansion. As a result, more accurate and
consistent welds can be obtained over a longer period
of time before overheating becomes a problem. [0008]
The present invention relates to several other
advantageous features for an orbital weld head. One
feature is the use of a mica laminate as the cover for
the weld head, for thermal and electrical insulation.
Another feature is an all metal insert with a metal
brush/spring and electrode all at the same potential,
the embodiments illustrated a combination of more than
one of these features is illustrated. It should be
understood that any one or combination of these
features can be employed in an orbital weld head and
be considered to be within the scope of the invention.
Brief Description of the Drawings [0009] Fig. 1 is an
exploded perspective view of a weld head in accordance
with a first embodiment of the present invention; [00
] Fig. 2 is a plan view of a metal insert and rotor
that form part of the weld head of Fig. ; [001 ] Fig.
3 is a sectional view taken generally along the line
3-3 of Fig. 2; [0012] Fig. 4 is a plan view similar to
Fig. 2 with other parts of the weld head added;[0013]
Fig. 5 is an enlarged sectional view of a portion of
the weld head of Fig. 3, showing the 



parts of the weld head in an unexpanded condition;
[0014] Fig. 6 is a view similar to Fig. 5, showing the
parts of the weld head in an expanded condition; and
[0015] Fig. 7 is a view similar to Fig. 5 of a weld
head in accordance with a second embodiment of the
invention; [0016] Fig. 8 is a perspective view of a
brush/spring assembly that forms part of the weld head
of Fig. 1; [0017] Fig. 9 is a plan view of the
brush/spring assembly of Fig. 8; [0018] Fig. is a plan
view of a brush/spring assembly in accordance with a
third embodiment of the invention; [0019] Fig. is a
perspective view of the brush/spring assembly of Fig.
10; [0020] Fig. is a plan view of a brush/spring
assembly in accordance with a fourth embodiment of the
invention; [0021] Fig. is a perspective view of the
brush/spring assembly of Fig. 12; [0022] Fig. is a
plan view of a brush/spring assembly in accordance
with a fifth embodiment of the invention; [0023] Fig.
15 is a perspective view of the brush/spring assembly
of Fig. 14; [0024] Fig. is an enlarged sectional view
similar to Fig. 5 of a portion of a weld head in
accordance with a sixth embodiment of the invention;
[0025] Fig. is an enlarged sectional view similar to
Fig. 5 of a portion of a weld head in accordance with
a seventh embodiment of the invention; and [0026] Fig.
is an enlarged sectional view similar to Fig. 5 of a
portion of a weld head in accordance with a eighth
embodiment of the invention;Description of the
Invention [0027] The present invention relates to an
orbital weld head and is applicable to weld heads of
varying and different constructions. As representative
of the invention, Fig. 1 illustrates a 



portion of an orbital weld head 10 in accordance with
a first embodiment of the invention. [0028] The weld
head 10 includes an insert that serves as the base of
the weld head, supporting many of the other parts of
the weld head. The insert 14 has a generally circular
work opening 16 centered on an axis of rotation (Fig.
2) of the weld head 10. Two electrically insulating
edge pieces 20 are secured to the insert 14, in a
manner not shown. [0029] The insert may be made from
plastic but is preferably made from an electrically
conductive metal, such as stainless steel, copper, or
bronze. Metal typically can absorb more heat than
plastic without deforming, and metal is more stable
when it does absorb heat. As a result, the insert if
made from metal can absorb a relatively large amount
of heat. This can help enable the weld head to perform
more welds in a given period of time. [0030] The weld
head includes a drive gear 22 for receiving rotational
force from a drive (not shown), such as an electric
motor drive. The drive gear 22 meshes with two idler
gears 24. The drive gear 22 and the idler gears 24 are
supported on bosses 26 on the insert 14. The gears 22
and 24 are preferably made from metal. [003 ] The weld
head includes first and second covers 28 and 29
secured to the insert 14. The covers 28 and 29 are
made from a heat-resistant, electrically insulating
material. One suitable material is a high temperature
plastic, or a phenolic material. Another suitable
material is a mica laminate. [0032] The preferred
material for the covers 28 and 29 is a mica laminate
sold under the brand name Cogetherm M. The material is
manufactured by Cogebi - Huysmanslaan, 65, B-1651 Lot
- Belgium, with facilities in the US at Cogebi, Inc.
Crosby Road Industrial Park, 14 Faraday Drive, Dover
N.H. 03820. This material is available from several
vendors. One is Curbell Industrial Plastics, 23103
Miles Road, Cleveland, OH 44128.[0033] The composition
of CogethermM is 90% Cogemica Muscovite, 10% bonding
material. An alternative material is Cogetherm P. The
composition of Cogetherm P is 90% Cogemica-Phlogopite
Muscovite, 10% bonding material. 



[0034] Chemically, mica is an alumino-silicate
composition. Two main classes exist: Muscovite, when
Potassium predominates, or Phlogopite, when Magnesium
is present. Mica ore possesses a specific property: it
can be cleaved to give very thin lamellae (sheets or
layers) of constant thickness. The preferred mica
material is a laminate including several sheets.
[0035] This material is preferred because it holds up
to the intense heat produced from welding at the
desired increased weld rate. The preferred material is
rated at a continuous use temperature of 1300 for
Cogetherm P and 932 for Cogetherm M. The material also
holds up to the intense exposure to the welding arc at
a close proximity. It does not deform or melt under
the above conditions, as some plastics might. [0036]
The mica laminate has been found in tests to hold up
better than any of the known plastics used in this
application. As a result, this material when used as a
cover for an orbital weld head may help the weld head
to perform more welds in a given period of time. The
mica laminate material does not deform or otherwise
become unusable under the high heat conditions
experienced in sustained operation of the weld head
10. [0037] This mica laminate material is known for
use as a replacement for asbestos and for other
insulating boards for a variety of applications. It is
used in high voltage appliances thanks to its
dielectric qualities and its resistance to electric
arc and erosion. In the construction of induction and
arc furnaces, Cogetherm is used for its thermal and
electric insulation properties, as well as its
permeability to high-frequency waves. L the field of
induction heated equipment for brazing aluminum and
copper discs to cooking utensils, Cogetherm is a
replacement for asbestos-cement plates. [0038] From
the known characteristics of mica laminates, it could
be perceived that delaminating is an issue (low shear
strength). This has not, however, been found to be the
case when the material is used in sheet form in this
application.[0039] The preferred mica laminate
material is machined from plates or sheet stock. It
comes in various thicknesses. The closest stock
thickness would be chosen and then machined (milled)
to 



the appropriate thickness [0040] The weld head 10
further includes a rotor 30. The rotor 30 is an
electrically conductive, metallic member supported on
the insert 14, in a manner described below, for
rotation about the axis relative to the insert to move
an electrode about the axis. The rotor 30 has an
annular, Cshaped configuration including circular
inner and outer peripheries 32 and 34. The inner
periphery 32 of the rotor 30 defines a work space 36
of the weld head 10, in which a workpiece can be
placed for welding of the workpiece. [0041] The rotor
30 has two ends spaced apart to form an insertion
opening 40 to enable movement of the workpiece into
the work space 36 of the rotor. The outer periphery 34
of the rotor 30 is formed as an external gear. The
external gear on the rotor 30 meshes with the idler
gears 24 to receive rotational force from the drive.
As a result, the rotor 30 rotates when rotational
force is applied to the drive gear 22. [0042] An
electrode 42 is fixed to the rotor for movement with
the rotor. The electrode 42 extends radially inward
from the inner periphery 32 of the rotor 30, into the
work space 36. The electrode 42 is electrically
conductive with, and at the same electric potential
as, the rotor 30. As the rotor 30 rotates around a
workpiece, the electrode 42 is carried around the
workpiece to effect welding of the workpiece, in a
manner known in the art. [0043] The rotor 30 has an
insulator (Figs. 1 and 3), which is preferably made
from a ceramic material. The insulator helps to
prevent skin effect arcing between the electrode 42
and the rotor 30. The rotor may also have notches (not
shown) for receiving argon gas to aid in the welding
process, as is known. [0044] The insert 14 has an
inner major side surface 44 (Fig. 5) facing the rotor
30. The insert includes a boss 50 on its inner major
side surface 44. The boss 50 is a portion of the rotor
30 that helps to position and guide the rotor on the
insert for rotation about the axis 18. The boss 50 has
a circular, C-shaped configuration when viewed in a
direction along the axis 18, as in 



Fig. 2.[0045] The configuration of the boss 50 is
selected to maximize operability of the weld head in
repeated use. The boss 50 could have different
configurations in accordance with the present
invention. A first embodiment is shown in Figs. 1-5.
Alternative embodiments are shown in Figs. 7 and
16-19, and are discussed below. [0046] The boss in the
embodiment illustrated in Figs. 1-5 has a trapezoidal
configuration (when viewed in cross-section, as in
Fig. 6). The trapezoidal configuration includes a
planar end surface 52 that extends parallel to the
inner major side surface 44 of the insert 14. The
trapezoidal configuration also includes inner and
outer side surfaces 54 and 56 that extend obliquely
between the end surface 52 and the inner major side
surface 44 of the insert 14. [0047] In the illustrated
embodiment, the side surfaces 54 and 56 extends at
about a forty-five degree angle to the end surface 52
and to the inner major side surface 44. In other
embodiments, this angle could be different from
forty-five degrees. [0048] The rotor 30 has a major
side surface 58 (Fig. 5) facing the inner major side
surface 44 of the insert 14. The rotor 30 includes a
groove or track 60 on its major side surface 58. The
track 60 is a portion of the insert 14 and thus a
portion of the weld head that helps to position and
guide the rotor for rotation about the workpiece
opening of the weld head. The track 60 has a circular,
C-shaped configuration that is the same as the
C-shaped configuration of the boss 50 on the insert
14. [0049] In the embodiment illustrated in Figs. 1-5,
the track 60 has a trapezoidal configuration (when
viewed in cross-section, as in Fig. 5). The track 60
is defined by a planar end surface 62 on the rotor
that extends parallel to the major side surface 58 of
the rotor 30. The track 60 is further defined by inner
and outer side surfaces 64 and 66 that extend
obliquely between the end surface 62 and the major
side surface 58 of the rotor 30. [0050] In the
illustrated embodiment, the track side surfaces 64 and
66 extend at about forty-five degree angles to the end
surface 62 and to the major side surface 58. In other
embodiments, this 



angle could be different from forty-five degrees. In
the illustrated embodiment, therefore, the angle of
the track side surfaces 64 and 66 corresponds to the
angle of the boss side surfaces 54 and 56, and the
overall cross-sectional configuration of the track
corresponds to the crosssectional configuration of the
boss 50 on the insert 14. In other embodiments, as
described below, the angles could be different, and
this correspondence is not necessary. [0051] The
length of the end surface 52 of the boss 50 is greater
than the length of the end surface 62 of the groove.
As a result, the outer side surfaces 54 and 56 of the
boss 56 are spaced apart by a distance that is greater
than the distance between the side surfaces 64 and 66
of the groove 60. Therefore, the rotor 30 with its
groove 60 always rides on one or both of the side
surfaces 54 and 56 of the boss 50 of the insert 14.
[0052] The inner side surface 64 of the rotor track 60
rides on the inner side surface 54 of the insert boss
50. The outer side surface 66 of the rotor track 60
rides on the outer side surface 56 of the insert boss
50. As a result, the boss 50 on the insert 14 supports
the rotor 30 for rotation relative to the insert.
[0053] The engagement between the insert boss 50 and
the rotor track 60 also positions the rotor 30
radially on the insert 14, so that the work space 36
of the rotor is concentric with the work opening 16 of
the insert. The engagement between the insert boss 50
and the rotor track 60 thereby supports the electrode
42 for rotation in a circular path, centered on the
axis 18, during welding of the workpiece. [0054] The
metal insert 14 receives welding current in a manner
not shown, such as by electrical connection through
openings in the edge pieces 20. As a result, the
insert is at full welding potential. [0055] The
abutting engagement of the metal rotor 30 on the metal
insert 14 creates a path for current to flow from the
insert to the rotor. As a result, the rotor 30 is also
at full welding potential. So also is the electrode
42, which is fixed to the rotor 30. The metal idler
gears 24 and the metal drive gear 22 are also at full
potential. 



[0056] The weld head 10 further includes a brush 70
(Figs. 1, 4 and 8-9). The brush 70 urges the rotor 30
in an axial direction against the insert 14 (the rotor
is thus a "side load" rotor). The brush 70 can also
help to conduct electricity to the rotor 30. A weld
head in accordance with the present invention can
include an alternative brush design, as shown for
example in Figs. 10-15 below and described with
reference to those Figures.[0057] The specific brush
70 that is illustrated in Figs. 8 and 9 is a one-piece
member having a generally U-shaped or C-shaped
configuration when viewed in plan as in Fig. 9. The
brush 70 is made from an electrically conductive
metal. The C-shaped configuration is centered on the
axis 18. [0058] The brush 70 has a C-shaped outer
portion 74 and a C-shaped inner portion 76. The outer
portion 74 of the brush lies in one plane and includes
two arms 78. The outer brush portion 74 includes two
ears 80 at the ends of the arms 78 for electrical and
mechanical connection of the brush 70 with the insert
14. [0059] The inner portion 76 of the brush 70 is
formed in an annular configuration that is concentric
with the outer portion 74 but lies in a different
plane. Four spring arms 82 extend between and
interconnect the outer and inner portions 74 and 76 of
the brush 70. The spring arms 82 are resilient and
thus help to position the brush. [0060] The brush 70
is assembled in the weld head 10 so that it is
disposed between the rotor 30 and the first cover 28.
The inner portion 76 of the brush 70 is in contact
with the rotor 30. The outer portion 74 of the brush
70 is in contact with the first cover 28. The spring
arms 82 of the brush 70 resiliency urge the inner
portion 76 of the brush away from the first cover 28.
The inner portion 76 of the brush 70 is urged into
engagement with the rotor 30, and transmits the force
of the spring arms 82 into the rotor. [0061] The force
of the spring arms 82, as transmitted through the
rotor 30, tends to urge the rotor into firm engagement
with the insert 14. Specifically, this force tends to
urge the rotor track 60 into firm engagement with the
insert boss 50, as shown in Fig. 6. As a result,
physical 



contact is maintained between the rotor 30 and the
insert 14, thus minimizing the possibility of arcing
within the weld head 10. [0062] The engagement of the
brush 70 with the rotor also provides another flow
path for electric current to flow to the rotor and
thence to the electrode 42. This results because the
brush 70 is made from an electrically conductive
material, such as copper, and is at the same electric
potential as the insert 14. The brush 70 could,
alternatively, be made from a non-conductive material.
Were the brush 70 made from a non-conductive material,
the brush would still help the rotor 30 to maintain
physical and electrical contact with the insert 14. If
the insert 14 were notmetallic, then the brush 70
would need to be metallic to provide a current flow
path for the rotor 30. [0063] When the weld head is
operated, heat is generated. The parts of the weld
head 10, including the insert and the rotor 30, are
heated and, as a result, expand. It is desirable that
this expansion not cause the rotor 30 to bind on the
insert 14. [0064] The configuration of the insert boss
50 and of the rotor track 60 minimizes the possibility
of binding of the rotor 30 on the insert 14.
Specifically, when the parts of the weld head 10 are
in an unexpended condition as shown in Fig. 5, both
the inner and outer side surfaces 64 and 66 of the
rotor track 60 are in contact with the insert boss 50.
If the rotor 30 thereafter expands more than the
insert 14, the track 60 of the rotor moves radially
outward relative to the insert boss 50, as shown in
Fig. 6. Only one of the side surfaces 64 and 66 of the
track 60 remains in contact with the insert boss 50~in
the case shown, the side surface 64. The rotor 30 and
its groove 60 also move upwardly (in a direction
parallel to the axis 18) as well as laterally- in the
illustrated embodiment, by the same amounts laterally
and upwardly (on each side of the rotor), because of
the 45 degree angle of the trapezoid. [0065] If the
insert boss 50 and the track 60 had sides with an
angle other than 45 degrees, the relative amounts of
vertical and horizontal movement would be different.
For example, a larger angle between the inner major
side surface 44 and the angled side surfaces 54 and 56
would 



provide greater axial movement relative to radial
movement. As the angle approached 90, however, binding
would become more likely. In contrast, a smaller angle
between the inner major side surface 44 and the angled
surfaces 54 and 56 would provide reduced axial
movement relative to radial movement. As the angle
approached 0, however, there would be an increased
tendency for the track 60 to jump off the boss 50. The
forty-five degree angle is presently preferred because
it provides a mean, in effect, between minimizing
binding and minimizing axial movement. [0066] The
upward (axial) movement of the rotor 30 is tolerated
in order to accommodate the lateral movement that
inevitably comes with heating and expansion. The
amount of upward movement is desirably minimized,
however, to avoid moving the electrode 42 too far
axially relative to the workpiece. Although the 45
angle produced by a trapezoidal shape is illustrated
as the preferred embodiment, it should be understood
that other angles may be optimal inparticular
applications, depending on weld head size and other
factors. The present invention is intended to
encompass all such variations. [0067] Thus, when the
rotor 30 expands because of heating, the rotor does
not move (or reconfigure) into a position that might
cause binding of the rotor on the insert 14, but
instead continues to ride freely along the insert boss
50. The trapezoidal (or triangular) track 60 of the
present invention does not bind, because the rotor 30
rides up the angled side surfaces 54 and 56 of the
trapezoidal or triangular boss 50. [0068] When the
rotor 30 expands, the track 60 moves radially outward,
away from the axis 18. If this expansion were to cause
the engagement of two surfaces that are perpendicular
to the direction of expansion, the rotor 30 would not
be caused to move vertically. Such expansion could, as
a result, eventually cause binding between the rotor
30 and the insert 14. [0069] By the present invention,
the configuration of the track 60 and the boss 50 are
selected so that the force generated by radial
expansion of the rotor 30 generates, or results in,
vertical movement also of the rotor. This allows for
expansion of the rotor without having to provide too 



much initial clearance between the rotor and the
insert 14. [0070] Specifically, the engaging surfaces
64 of the rotor 30 and 54 of the boss 50 are not
perpendicular to or parallel to the direction of
expansion of the rotor. Therefore, the expansion of
the rotor 30 and its engagement with the insert boss
50 produces both a horizontal component and a vertical
component of resultant force. As a result, the rotor
30 moves (is displaced) vertically as well as
horizontally. This enables the rotor 30 to move to a
position in which it does not bind on the insert boss
50. [0071] Typically the rotor 30 expands more than
the insert 14 because the rotor absorbs more heat
during the welding process. If the insert 14 were to
expand more than the rotor 30, the relative radial
positions of the boss 50 and track 60 would not be as
shown in Fig. 6, but would be reversed- that is, the
center of the boss 50 on the insert would be located
radially outward of the center of the track 60 on the
rotor. In this case, the outer side surface 56 of the
insert boss 50 would be in engagement with the outer
side surface 66 of the rotor track 60, establishing
and maintaining electrical contact between the insert
14 and the rotor 30, without binding of the rotor on
the insert.[0072] The arc gap between the electrode 42
and the workpiece stays centered when the rotor 30
expands as thus described, even though no clearance is
present between the rotor and the insert boss 50. A
weld head having a rectangular track, in contrast,
needs clearance (a gap) between the rotor and the
insert boss to avoid binding. The presence of such a
gap can mean that the rotor does not turn
concentrically with the workpiece, and inaccurate
electrode positioning may result. [0073] The boss and
track configurations of the present invention
preferably have no designed-in clearance. Therefore,
there is no "slop" or free play of the rotor, as this
can provide for more accurate welding. The designed-in
clearance can be eliminated because the rotor is free
to move axially when it expands radially, thus
accommodating expansion without binding. [0074]
Because the configuration of the boss 50 is similar to
the configuration of the track 60, the boss and the
track have mating surfaces that provide area contact,
not merely line contact. 



Maximizing the surface area of contact between the
rotor 30 and the insert 14, in this manner, provides
better electrical contact and also minimizes wear
because it reduces unit loading. It should be
understood that the non-binding track feature of the
present invention is applicable to a weld head that
uses a plastic insert with a metal rotor. [0075] Fig.
7 illustrates a portion of a weld head 10a in
accordance with a second embodiment of the invention.
I the weld head 10a, the positions of the boss and the
track are reversed. Specifically, the insert 14a has a
trapezoidal groove or track 60a, while the rotor 30a
has a trapezoidal boss 50a that is received in the
track. The engagement of the boss 50a of the rotor 30a
in the track 60a of the insert 14a positions the rotor
relative to the insert. This engagement also maintains
electrical contact between the rotor 30a and the
insert 14a, even when the parts are heated and expand
unevenly, as described above. [0076] Figs. and
illustrate an alternative one-piece brush/spring or
brush 90. The brush 90 is formed as one piece from an
electrically conductive material, such as metal. The
brush has an overall C-shaped configuration when
viewed in plan as in Fig. 10. [0077] The brush has an
inner portion, or brush portion 92, and an outer
portion, or spring portion 94. The inner portion 92 of
the brush 90 lies in one plane. An inner peripheral
edge portion of the inner portion 92 of the brush 90
may be bent upward as shown at 96 to form a rim to
strengthen the inner portion.[0078] Two radially
projecting tabs 98 join the inner portion 92 with the
outer portion 94. The outer portion 94 is formed as
four arcuate spring arms 100 that are bent out of the
plane of the inner portion 92 and that extend from the
two tabs 98. The spring arms 100 are resilient and
thus help to position the brush 90. [0079] The brush
90 is usable in the weld head 10 of Fig. 1 in place of
the brush 70. When the brush 90 is assembled in the
weld head 10, the inner or brush portion 92 of the
brush is in contact with the rotor 30. The spring
portion 94 of the brush 90, i.e., the group of spring
arms 100, is in contact with the first cover 28. The
brush 90 helps to position the rotor 30 axially as
described 



above, urges it into contact with the insert 14, and
also provides a flow path for electricity to the
rotor. [0080] Figs. and illustrate an alternative
one-piece brush/spring or brush 110. The brush 0 is
formed as one piece from an electrically conductive
material, such as metal. The brush 110 has an overall
U-shaped configuration when viewed in plan as in Fig.
12. [008 ] The brush 110 has a generally flat main
body portion 2 having inner and outer major side
surfaces 114 and 116. The main body portion 112 of the
brush 110 has two ends 118 with fastener openings for
securing the brush to the insert 14. The brush 0 is
assembled in the weld head so that the inner major
side surface 114 of the brush is in abutting
engagement with the rotor 30. The brush 110 when
assembled in the weld head is at the same electric
potential as the insert 14. [0082] The brush 110
further includes one or more spring fingers 120. The
spring fingers 120 are resilient members that are
formed as one piece with the main body portion 2 of
the brush 110. The spring fingers 120 are tabs that
are bent outward from the main body portion 2 of the
brush 0 to form L-shaped projections on the outer side
surface 116 of the brush, as shown. In the illustrated
embodiment, three spring fingers 120 are provided.
Forming the spring fingers 120 as part of the brush
110 simplifies manufacturing. It also simplifies
assembly, because separate small springs can be
difficult to handle and assemble. [0083] The brush 0
is usable in the weld head 10 of Fig. 1 in place of
the brush 70. When the brush 0 is assembled in the
weld head 10, the main body portion 2 of the brush is
in contact with the rotor 30. The spring fingers 120
of the brush 0 are in contact with the first cover
28.The brash 0 helps to position the rotor 30 axially
as described above, urges it into contact with the
insert 14, and also provides a flow path for
electricity to the rotor. [0084] Figs. 14 and 15
illustrate an alternative brash/spring design
including a brash 130 and a plurality of separate
springs 132. The brash 130 is formed as one piece from
an electrically conductive material, such as metal.
The brash 130 has an overall U-shaped configuration
when 



viewed in plan as in Fig. 12. The brash 130 has two
ends 134 with fastener openings for securing the brash
to the insert 14. The brash 130 is assembled in the
weld head so that it is in abutting engagement with
the rotor 30. The brash 130 when assembled in the weld
head 10 is at the same electric potential as the
insert 14. [0085] In the illustrated embodiment of
Figs. 14 and 15, three brash springs 132 are provided.
The brash springs 132 are disposed between the brash
130 and the first cover 28. The brash springs 132 are
resilient members that act between the first cover 28
and the brash 130 to urge the brash away from the
first cover. The brash 130 is urged into engagement
with the rotor 30, and transmits the force of the
brash springs 132 into the rotor. [0086] The force of
the brash springs 132 tends to urge the rotor 30 into
firm engagement with the insert 14. Specifically, this
force tends to urge the rotor track 60 into firm
engagement with the insert boss 50. As a result,
physical contact is maintained between the rotor 30
and the insert 14, thus minimizing the possibility of
arcing within the weld head 10. [0087] As discussed
above with reference to Figs. 1-9, expansion of the
rotor without having to provide too much initial
clearance between the rotor and the insert 14, is
obtained with the track and boss configuration shown
in the first embodiment. Alternative embodiments are
possible. The particular configuration that is
selected for a given weld head is chosen on the basis
of predicted expansion. Figs. 16-19 illustrate a few
of the many possible alternative configurations for
the insert boss and the rotor track. [0088] An example
of this is shown in Fig. 16, which illustrates a weld
head 140 that includes a track 142 and a boss 144 each
having a round (arcuate or otherwise curved) profile.
The track 142 has a curved surface 146 that abuttingly
engages a curved outer surface 148 on the boss 144.
The radii of curvature of the two curved surfaces 146
and 148 are different, to minimize bindingand to allow
the rotor to move axially on the insert when the rotor
expands laterally because of heat. [0089] The two
surfaces that engage each other (the track surface on
the rotor and the boss 



surface on the insert) could be non-mating surfaces.
That is, the track configuration need not be the same
as the configuration of the boss. (In the first
embodiment above, the trapezoidal or triangular
configuration of the track is identical or similar to,
and so mates with, the configuration of the boss.) An
example of this would be the combination of a
trapezoidal track 150 with a rectangular boss 152, as
shown in Fig. 17; or the combination of a rectangular
track 154 with a circular boss 156, as seen in Fig.
18. Other possible profiles include curves that vary
continuously, such as parabolic or hyperbolic profiles
or an involute. [0090] Other potential combinations of
tracks and bosses are seen in Fig. 19, which is a
matrix illustrating some of the infinite number of
possible profiles and combinations of profiles. The
left column shows possible configurations for the
inner side surface of the boss or of the track, and
the top shows possible configurations for the outer
side surface of the boss or of the track. A preferred
profile combination is generally one that produces
surface contact rather than line contact, that
produces a reasonable amount of axial movement as a
result of radial movement. [0091] The present
invention is applicable to air cooled orbital weld
heads, to water cooled orbital weld heads, and to
orbital weld heads that use other forced cooling
techniques. Other variations are possible. For
example, the track could be formed on a member other
than the one illustrated, i.e., other than the insert.
Such changes and modifications are intended to be
covered by the attached claims.Having described the
invention, we claim: . An orbital welding apparatus
having a workpiece opening for receiving a workpiece
to be welded, said apparatus comprising: a member
having a track; a rotor rotatable on said member about
an axis, said rotor carrying an electrode for rotation
around the workpiece opening to weld a workpiece
therein; said rotor having a boss received in said
track of said member; said rotor and boss having no
designed-in clearance and being configured to 



accommodate expansion of said rotor without binding on
said member. 2. An apparatus as set forth in claim 1
wherein the configuration of said rotor and said boss
produces axial displacement of said rotor in response
to radial expansion of said rotor. 3. An apparatus as
set forth in claim 1 wherein said interengaging
surfaces of said rotor and said member extend at an
angle transverse to said axis and transverse to said
first direction of radial movement of said rotor. 4.
An apparatus as set forth in claim 3 wherein said
interengaging surfaces of said rotor and said member
extend at an angle of forty five degrees relative to
said axis. . An apparatus as set forth in claim 3
wherein the amount of axial movement of said rotor is
determined as a function of an angle at the interface
between said interengaging surfaces of said rotor and
said member. 6. An apparatus as set forth in claim 1
wherein at least one of said boss and said track has a
trapezoidal configuration. 7. An apparatus as set
forth in claim 4 wherein both said boss and said track
have a trapezoidal configuration.8. An apparatus as
set forth in claim 1 wherein said boss and said track
each have an arcuate configuration. 9. An apparatus as
set forth in claim 1 further comprising a metal
spring/brush that exerts a side load on said rotor,
said spring/brush being formed as one piece. 10. An
apparatus as set forth in claim 9 wherein said member
and said rotor are made from metal and are at the same
electric potential as said metal spring/brush. 11. An
apparatus as set forth in claim 1 further comprising a
metal spring/brush that exerts a side load on said
rotor, said spring/brush being formed as a plurality
of pieces. 12. An apparatus as set forth in claim 1
further comprising a mica laminate cover for covering
said rotor. 13. An apparatus as set forth in claim
further comprising a metal spring/brush that 



exerts a side load on said rotor, said spring/brush
acting between said mica laminate cover and said
rotor. 14. An orbital welding apparatus having a
workpiece opening for receiving a workpiece to be
welded, said apparatus comprising: a member; a rotor
supported on said member for rotation relative to said
member about an axis, said rotor carrying an electrode
rotatable around the workpiece opening to weld a
Workpiece therein; said rotor upon heating being
expandable in a first direction radially away from
said axis; radial expansion of said rotor in the first
direction producing axial movement of said rotor in a
direction away from said member.15. An apparatus as
set forth in claim wherein said member and said rotor
have interengaging surfaces that cooperate to cause
said rotor to move axially in said direction away from
said member in response to radial expansion of said
rotor upon heating. 16. An apparatus as set forth in
claim wherein said interengaging surfaces of said
member and said rotor are surfaces of trapezoidal
portions of said member and said rotor. 17. An
apparatus as set forth in claim wherein said rotor has
a trapezoidal track and said member has a trapezoidal
boss that fits in said trapezoidal track. 18. An
apparatus as set forth in claim 15 wherein the amount
of axial movement of said rotor is determined as a
function of an angle at the interface between said
interengaging surfaces of said rotor and said member.
19. An apparatus as set forth in claim 14 wherein said
rotor and said member have interengaging arcuate
surfaces. 20. An apparatus as set forth in claim 14
further comprising a metal spring/brush that exerts a
side load on said rotor, said spring/brush being
formed as one piece. 



2 . An apparatus as set forth in claim 20 wherein said
member and said rotor are made from metal and are at
the same electric potential as said metal
spring/brush. 22. An apparatus as set forth in claim
14 further comprising a mica laminate cover for
covering said rotor. 23. An apparatus as set forth in
claim 22 further comprising a metal spring/brush that
exerts a side load on said rotor against said member,
said spring/brush being at the same electric potential
as said member, said spring/brush engaging said cover
and acting between said cover and said rotor.24. An
orbital welding apparatus having a workpiece opening
for receiving a workpiece to be welded, said apparatus
comprising: a member; a rotor supported on said member
for rotation relative to said member about an axis,
said rotor carrying an electrode rotatable around the
workpiece opening to weld a workpiece therein; said
rotor upon heating being expandable in a first
direction radially away from said axis; said rotor and
said member having interengaging surfaces that
cooperate to produce axial movement of said rotor in a
direction away from said member in response to radial
movement of said rotor in the first direction. 25. An
apparatus as set forth in claim 24 wherein said
interengaging surfaces of said rotor and said member
extend at an angle transverse to said axis and
transverse to said first direction of radial movement
of said rotor. 26. An apparatus as set forth in claim
25 wherein said interengaging surfaces of said rotor
and said member extend at an angle of forty five
degrees relative to said axis. 27. An apparatus as set
forth in claim 25 wherein the amount of axial movement
of said rotor is determined as a function of the angle
between said interengaging surfaces of said 



rotor and said member. 28. An apparatus as set forth
in claim 24 wherein said member has a boss that is
received in a track in said rotor, at least one of
said boss and said track having a trapezoidal
configuration. 29. An apparatus as set forth in claim
28 wherein said boss and said track each have a
trapezoidal configuration. 30. An apparatus as set
forth in claim 24 wherein said member has an arcuate
boss that is received in an arcuate track in said
rotor.31. An apparatus as set forth in claim 24
further comprising a metal spring/brush that exerts a
side load on said rotor, said spring/brush being
formed as one piece. 32. An apparatus as set forth in
claim wherein said member and said rotor are made from
metal and are at the same electric potential as said
as said metal spring/brush. 3 . An apparatus as set
forth in claim 24 further comprising a mica laminate
cover for covering said rotor. 34. An apparatus as set
forth in claim 33 further comprising a metal
spring/brush that exerts a side load on said rotor
against said member, said spring/brush being at the
same electric potential as said member, said
spring/brush engaging said cover and acting between
said cover and said rotor. 35. An orbital welding
apparatus having a workpiece opening for receiving a
workpiece to be welded, said apparatus comprising: a
member; a rotor supported on said member for rotation
relative to said member about an axis, said rotor
carrying an electrode rotatable around the workpiece
opening to weld a workpiece therein; said rotor being
expandable upon heating in a first direction radially
away from said axis; 



said rotor being movable axially relative to said
member, the axial position of said rotor relative to
said member being determined as a function of the
temperature of said rotor. 36. An apparatus as set
forth in claim 35 wherein said rotor and said member
have interengaging ramp surfaces that cause said rotor
to move axially relative to said member in response to
radial expansion of said rotor resulting from an
increase in the temperature of said rotor.37. An
apparatus as set forth in claim 36 wherein said ramp
surfaces are formed on trapezoidal portions of said
rotor and said member. 38. An apparatus as set forth
in claim 37 wherein said rotor has a trapezoidal track
and said member has a trapezoidal boss that fits in
said trapezoidal track. 39. An orbital welding
apparatus having a workpiece opening for receiving a
workpiece to be welded, said apparatus comprising: a
member; a rotor supported on said member for rotation
relative to said member about an axis, said rotor
carrying an electrode rotatable around the workpiece
opening to weld a workpiece therein; and an
electrically insulating, heat resistant cover
supported on said member, said cover being made from a
mica laminate material. 40. An apparatus as set forth
in claim 39 wherein said member is an insert that
supports said rotor and one or more gears for driving
said rotor, said insert and said gears and said rotor
being made from metal. 4 . An apparatus as set forth
in claim 40 further comprising a spring/brush that
loads said rotor axially against said insert, said
spring/brush being made from metal. 42. An apparatus
as set forth in claim 39 wherein said mica laminate
material is an alumino-silicate composition including
potassium or magnesium. 43. An apparatus as set forth
in claim 39 wherein said mica laminate material is
rated 



at a continuous use temperature in the range of from
about 900 F to about 1300 F or more and holds up to
the intense exposure to the welding arc at a close
proximity. 44. An apparatus as set forth in claim 39
wherein said cover substantially covers said member
and said rotor.45. An apparatus as set forth in claim
39 further comprising a second cover on an opposite
side of said member, said second cover being made from
a mica laminate material. 46. An orbital welding
apparatus having a workpiece opening for receiving a
workpiece to be welded, said apparatus comprising: a
member made from metal; a metal rotor supported on
said member for rotation relative to said member about
an axis, said rotor carrying an electrode rotatable
around the workpiece opening to weld a workpiece
therein, said rotor and said electrode being at the
same electric potential as said member; and a metal
spring/brush that exerts a side load on said rotor
against said member, said spring/brush being at the
same electric potential as said member; and 47. An
apparatus as set forth in claim 46 wherein said member
is an insert that supports said rotor for rotation
about the workpiece opening. 48. An apparatus as set
forth in claim 46 wherein said spring/brush is formed
as one piece. 49. An apparatus as set forth in claim
46 further comprising a mica laminate cover for
covering said rotor, said spring/brush engaging said
cover and acting between said cover and said rotor.
50. An apparatus as set forth in claim 46 wherein said
member and said rotor have no designed-in clearance
and are configured to accommodate expansion of said
rotor without binding on said member. 51. An apparatus
as set forth in claim wherein the configuration of
said rotor and 



said boss produces axial displacement of said rotor in
response to radial expansion of said rotor.52. An
apparatus as set forth in claim 51 wherein
interengaging surfaces of said rotor and said member
extend at an angle transverse to said axis and
transverse to the direction of radial expansion of
said rotor. 53. An apparatus as set forth in claim 46
wherein said rotor and said member have interengaging
trapezoidal portions. 


