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(57) ABSTRACT

An apparatus (10) for splicing a heatable section (20) of a
tubular heater (12) to a cold section, (22) the heatable
section (20) includes an outer sheath (78), which has a
heating element (84) therein. The cold section (22) includes
an outer sheath (88) which has a cold pin (94) therein. The
apparatus (10) comprises an enclosure (12) defining a cham-
ber (62) which further defines opposed openings in com-
munication with the chamber (62). A welding tip (30)
extends into the chamber (62) and is capable of melting the
cold pin (94) and welding the ends (80,90) of the heatable
and cold sections (20,22) together.

When one end (80) of the heatable section (20) and one end
(90) of the cold section (22) is each directed into one of the
opposing openings to a predetermined depth, the welding tip
(30) is then placed in close proximity with the end (90) of
the cold section (22) forming a molten pool (128) thereon.
The ends (80,90) of the heatable and cold sections are
(20,22) then brought into contact wherein the molten pool
(128) and the heating element (84) form a weld connection
therebetween as the pool solidifies. The welding tip (30)
then forms a weld joint (134) along the juncture (136) of the
ends (80,90) of the outer sheaths (78,88) of the heatable and
cold sections (20,22) thereby establishing a splice therebe-
tween.
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METHOD AND APPARATUS FOR SPLICING
TUBULAR HEATER SECTIONS

BACKGROUND OF THE INVENTION
0001] 1. Field of the Invention

0002] The present invention relates to splicing two dif-
ferent sections of a tubular heater. More specifically, the
present 1nvention relates to a method and apparatus for
splicing together one end of a cold pin section with the end
of a section having a heating element coil without additional
parts or special preparation of the heater section ends.

0003] 2. Prior Art

0004| Typically, heaters are comprised of an inner metal
resistive coil, referred to as a heating element, surrounded by
an insulating filler that 1s, 1n turn, surrounded by an outer
metal sheath. Such heaters are well known 1n the art. These
heaters are constructed with a sheath made from a round
metal tube. These are sometimes referred to as “tubular
heaters,” even 1f the sheath 1s rolled or flattened after
manufacture.

[0005] In many applications, it 1S necessary to provide a
tubular heater that has at least one heatable (“heatable™)
section and at least one unheated (“cold”) section. The
heatable section generally includes a heating element coil
that 1s helically-wound of electrically resistive material,
surrounded by an insulating filler material, such as magne-
stum oxide, which 1s then surrounded by an outer metal
sheath. The cold section generally has a power pin (also
known as a “cold pin”). The cold section is surrounded by
an insulating filler material that 1s, 1n turn, surrounded by a
metal sheath similar to the sheath used in the heatable
section. During manufacturing, the cold pin 1s coupled with
the heating element coil of the heatable section. Voltage 1s
then applied to the cold pin, which conducts the current to
the heating element coil to generate heat. In other applica-
fions it may be necessary to manufacture tubular heaters
with varying watt density along the length of the heater.
Many variations 1n heater assembly necessitate the custom
manufacture and splicing of these kind of tubular heaters.

[0006] One innovative way of splicing the heatable and
cold sections is disclosed in U.S. Pat. No. 5,864,941 (“the
‘941 patent”) issued to Baichoo et al. assigned to Watlow
Electric Manufacturing Company, the specification of which
1s 1ncorporated 1n 1its entirety by reference. The 941 patent
teaches a method of splicing one end of a heatable section
to an end of a cold section by {first exposing a substantial
section of the heating element coil from the end of the sheath
of the heatable section by: 1) manually cutting away a
portion of the sheath and insulating filler, 2) inserting a cold
pin with a tapered end into the exposed end of heating
element coil, and then 3) physically joining the two ends
together. Finally, an insulating filler 1s placed around the
cold pin and the cold pin-heating element junction while the
metal sleeve 1s placed around the insulating filler. Preferably,
the ends of the respective heatable and cold sections are
attached to the metal sleeve by a conventional welding
procedure and then the enftire assembly 1s swaged to a
uniform diameter.

[0007] The °941 patent represents a much improved
method of splicing heatable and cold sections of a tubular
heater together over prior methods. However, further

May 6, 2004

improvements are desirable. For instance, the splicing
operation of the prior art requires manually cutting back the
heater section to expose the heating element coil, then
manually welding the cold pin to the heating element coil,
insulating the welded section, sliding a metal tube over the
isulated terminal to the sheath of the heatable section,
followed by swaging the tube to complete the joint. Fur-
thermore, the method of the 941 patent requires that numer-
ous different parts and material be kept m stock, such as
metal sleeves and insulating filler.

|0008] Therefore, there appears a need in the art for an
automated method and apparatus for splicing the ends of two
tubular heater sections together without additional parts or
special preparation of the heatable and cold section ends.

OBIJECTS AND SUMMARY OF THE
INVENTION

[0009] The primary object of the present invention is to
provide an apparatus for splicing together the respective
ends of a cold section with a heatable section of a tubular
heater without additional parts or special manual preparation
of the section ends.

[0010] Another object of the present invention is to pro-
vide an automated apparatus and related method for splicing
together respective ends of a cold section with a heatable
section of a tubular heater.

[0011] Another further object of the present invention is to
provide an apparatus for splicing one end of a cold section
with a heatable section of a tubular heater by melting a
portion of the cold pin and physically joining it to the end of
the heatable section.

[0012] These and other objects of the present invention are
realized in the preferred embodiment of the present inven-
tion, described by way of example and not by way of
limitation, which provides for a method and apparatus of
splicing respective ends of a cold section with a heatable
section of a tubular heater.

[0013] In brief summary, the present invention overcomes
and substantially alleviates the deficiencies in the prior art
by providing an apparatus for splicing a heatable section of
a tubular heater to a cold section thereof. The heatable
section of the tubular heater generates heat energy for heat
transfer systems and includes an outer sheath having an
insulating filler that surrounds a center heating element coil
which extends substantially the length of the outer sheath.
When properly assembled, electrical current 1s passed
through the heating element coil which causes it to generate
heat. The cold section of the tubular heater provides the
necessary electrical current to the heatable section and
includes an outer sheath with an insulating filler that sur-
rounds an electrically conductive cold pin which extends
substantially the length of the outer sheath. A properly
assembled tubular heater of the present invention joins the
heatable and cold sections together 1n a splicing operation
such that electrical current passes from the cold pin to the
heating element coil for generating heat energy.

|0014] The apparatus for splicing the tubular heater
according to the present invention comprises an enclosure
defining a chamber. This chamber includes a platform
extending from one side of the enclosure having a notched
portion formed along its center and a roller assembly extend-



US 2004/0054434 Al

ing through apertures formed along the opposite side of the
enclosure. The enclosure further defines first and second
opposed openings 1n communication with the chamber. The
first and second openings are respectively aligned with the
notched portion and the roller assembly. The roller assembly
and platform 1nclude placement and staging portions aligned
with the first and second openings, respectively, which stage
the heatable and cold sections therecon and facilitate the
movement of these sections during the splicing operation.
The enclosure further comprises at least one welding tip
which extends into the chamber and 1s adapted to melt the
exposed end of the cold pin and then circumiferentially weld
the abutting ends of heating element and cold pin together
during the splicing operation.

[0015] In accordance with the method of the present
invention, a user first places the heatable section on the
notched portion of the platform and the cold section on the
placement portion of the roller assembly. The heatable and
cold sections are then directed into the chamber through
respective first and second openings to a predetermined
depth therein. After entering the chamber, the exposed end
of the heatable section contacts a stop located inside the
enclosure and the welding tip 1s placed in close proximity
with the end of the cold section having the cold pin exposed.
The welding tip which 1nitiates an electrical arc by imposing
a high voltage between the welding tip and the cold pin turns
the exposed portion of the cold pin into a molten pool. The
welding tip 1s then directed out of contact with the cold pin
and the ends of the heatable and cold sections are brought
into physical contact with one another such that the molten
pool of the cold pin and the exposed end of the heating
clement coil form a secure welded connection as the molten
pool solidifies around the coil. A second welding tip 1s then
brought 1nto close proximity with the ends of the outer
sheaths to form a circumiferential weld joint along the
juncture of the ends as the heatable and cold sections are
rotated about their centers by the staging portion of the roller
assembly, thereby establishing a splice therebetween.

[0016] Additional objects, advantages and novel features
of the mvention will be set forth in the description which
follows, and will become apparent to those skilled 1n the art
upon examination of the following more detailed description
and drawings 1mn which like elements of the invention are
similarly numbered throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a side view of heatable and cold sections
of a tubular heater according to the present invention;

[0018] FIG. 2 1s an end view of the heatable section of

FIG. 1 taken along line 2-2 according to the present inven-
tion;

10019] FIG. 3 is an end view of the cold section of FIG.
1 taken along line 3-3 according to the present invention;

10020] FIG. 4 is an orthogonal view of a splicing appa-
ratus according to the present invention;

10021] FIG. 5 1s a cross-sectional view, taken along line
5-5 of FIG. 4, of the splicing apparatus according to the
present mvention;

10022] FIG. 6 is an end view of the splicing apparatus
according to the present 1nvention;
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10023] FIG. 7 1s a cross-sectional view, taken along line
7-7 of FIG. 4, of the splicing apparatus according to the
present 1nvention;

10024] FIG. 8 is a cross-sectional view, taken along line
8-8 of FIG. 4, of the splicing apparatus according to the
present 1nvention;

10025] FIG. 9 1s a cross-sectional view, taken along line
8-8 of FIG. 4, 1llustrating a sequence of the splicing opera-
tion according to the present imnvention;

10026] FIG. 10 is a partial cutaway side view of joined
heatable and cold sections according to the present inven-
tion;

10027] FIG. 10a i1s an enlarged cutaway view from FIG.
10 according to the present invention;

[10028] FIG. 11 illustrates another sequence in the splicing
operation according to the present invention;

10029] FIG. 12 1s a side view of heatable and cold sections
being joined by a circumierential weld according to the
present 1nvention;

10030] FIG. 13 is a cross-sectional view, taken along line
13-13 of FIG. 4, showing the rotation of the roller assembly
according to the present 1nvention;

[0031] FIG. 14 is an orthogonal view of an alternate
embodiment of the splicing apparatus according to the
present 1nvention;

[10032] FIG. 15 is a cross-sectional view, taken along line
15-15 of F1G. 14, of an alternate embodiment of the splicing,
apparatus according to the present mnvention; and

10033] FIG. 16 is a cross-sectional view, taken along line
16-16 of F1G. 14, of an alternate embodiment of the splicing,
apparatus according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Referring to the drawings, the preferred embodi-
ment of the apparatus for splicing a tubular heater 11
according to the present invention 1s illustrated and gener-

ally indicated as 10 in FIG. 4.

[0035] Referring to FIGS. 1-4, tubular heater 11 is a
conventional heating device for providing a source of heat
comprising a heatable section 20 connected to a cold section
22. The heatable section 20 provides the means for produc-
ing heat and includes an elongated outer sheath 78 having an
insulating filler material 86 surrounding a conventional
heating element 84 which extends the length of section 20,
while cold section 22 conducts an electrical current for
powering heatable section 20 and includes a similarly
shaped outer sheath 88 also having an insulating filler
material 86 with a cold pin 94 connectable to a power source
(not shown). The splice produced by splicing apparatus 10
provides both a welded connection between the heating
clement 84 and the cold pin 94 as well as a circumferential
welded joint 134 (FIG. 12) along the juncture of the outer

sheath ends of respective heatable and cold sections 20 and
22.

[0036] Referring specifically to FIGS. 1 and 2, outer
sheath 78 of heatable section 20 may be made from a
suitable temperature resistant material, including, but not




US 2004/0054434 Al

limited to 1ron, 1ron alloy, metal or nonmetal. Heatable
section 20 includes a splicing end 80 and an opposed end 82
with a coiled heating element 84 that extends longitudinally
between ends 80, 82. Preferably, a filler material 86 made of
a thermally conductive material, such as magnesium oxide,
surround the heating element 84, although any suitable
insulating material 1s felt to fall within the spirit and scope
of the present invention. To prepare heatable section 20 for
splicing, the splicing end 80 should be cut flush with and
perpendicular to a center axis 76. Although not required, 1t
may be desirable for the user to grasp and expose a length
of the coiled heating element 84 1n a direction away from
heatable section 20 so that heating eclement 84 extends
approximately %16 of an inch outwardly from splicing end 80
as will be discussed 1n greater detail below.

[0037] Referring now to FIGS. 1, 3 and 4, outer sheath 88
of cold section 22 has a spliced end 90 and an opposed end
92 with cold pin 94 extending longitudinally between ends
90, 92. A power adapter 95 1s connected to cold pmm 94
adjacent opposed end 92 for coupling pin 94 to a source of
electrical power (not shown). Filler material 86 also sur-
rounds and secures cold pin 94 between outer sheath 88 and
pin 94. Preferably, the cross-sectional profile of outer sheath
88 1s substantially the same shape and size to that of outer
sheath 78 of heatable section 20. It 1s also preferable that
splicing end 90 be cut flush and perpendicular to center axis
76 prior to splicing.

[0038] Referring to FIG. 4, splicing apparatus 10 com-
prises an enclosure 12 for splicing together abutting ends of
heatable and cold sections 20, 22 as well as a roller assembly
14 and platform 35 that provide a staging arca and means for
properly positioning the heatable and cold sections 20, and
22 during the two step splicing operation. Enclosure 12 1s
defined by upper and lower surfaces 34, 38, front and back
surfaces 42, 48 and opposing side surfaces 50, 56 which
collectively define an interior chamber 62. To permit safe
viewing of chamber 62 and the splicing operation, an
aperture 44 formed through front surface 42 is covered by a
tinted viewing plate 112 which 1s secured by a retaining
member 114. Roller assembly 14 provides a stable platform
for properly aligning and carrying cold section 22 for
directed movement along center axis 76 (FIGS. 4, 13) by an
actuator 24 that 1s also carried on roller assembly 14 as shall
be discussed 1n greater detail below.

[0039] Roller assembly 14 includes first and second rollers
16, 18 which are rotatable along respective center axes 68,
74. As shown 1 FIGS. 4 and 9, first and second rollers 16,
18 define respective first ends 64, 70 each extending through
chamber 62 and respective second ends 66, 72. Roller
assembly 14 further defines a placement portion 17 for
placement of cold section 22, and a staging portion 15 for
staging heatable and cold sections 20, 22 in preparation for
the subsequent splicing operation. Preferably, first and sec-
ond rollers 16, 18 have elongated, tubular configurations

capable of rotational movement about their respective center
axes 68, 74 by a conventional driving device 75 (FIGS. 7,
8).

10040] Referring to FIGS. 7 and 8, driving device 75,

includes, but 1s not limited to a motor powered by electricity,
hydraulics or pneumatics, which provides driven rotational
movement to a gear 77 about center axis 79. Meshing with
gear 77 to provide driven rotational movement of first and
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second rollers 16, 18 are gears 63, 65. Gears 63, 65 slide
over and frictionally engage reduced diameter regions 71,
73. In other words, driving device 75 drives gear 77 ito
driven rotational movement in a direction about axis 79.
Rotating gear 77 meshes with gears 63, 65, driving both first
roller 16 1nto rotational movement about axis 68 and second
roller 18 into rotational movement about axis 74, each 1n an
opposing direction. To provide clearance for TIG welder 32
while maintaining first and second rollers 16, 18 1n close
proximity with each other, respective longitudinally aligned
ogrooves 39, 61 are formed therein. This arrangement of
orooves 359, 61 in rollers 16, 18 additionally permits a
circumferential weld joint 134 to be formed between heat-
able section 20 and cold section 22 as the sections 20, 22 are
rotatably carried about center axis 76 by rollers 16, 18 as
shall be discussed 1n greater detail below.

[0041] Referring to FIGS. 4 and 6-8, platform 35 extends
longitudinally 1n a direction opposite roller assembly 14
from surface 50 of enclosure 12 and includes a longitudinal
notched portion 37 formed therealong for maintaining heat-
able section 20 1n proper alignment with center axis 76. As
llustrated 1n FIG. 6, outer sheath 78 of heatable section 20
makes first and second tangential contacts 39, 41 with
notched portion 37 so that the center of heatable section 20
1s further maintained 1n proper alignment with center axis
76. Because the sides of notched portion 37 are radiused to
match the radu of roller assembly 14, heatable sections 20
having different diameters will also be maintained 1n align-
ment with center axis 76. Also 1n alignment with center axis
76, opening 54 for receiving heatable section 20 there-
through communicates with chamber 62. To prevent over-
insertion of heatable section 20 into chamber 62, a stop 26
of plunger 116 contacts heatable section 20 as 1t 1s directed
into chamber 62. A roller actuator 28 for preventing further
longitudinal movement of heatable section 20 along center
ax1s 76 includes an actuating roller 120 that extends verti-
cally downward into chamber 62. Actuating roller 120
establishes tangential rotatable contact with heatable section
20. Both stop 26 and roller actuator 28 utilize respective
pneumatic interfaces 118 and 122 from a pneumatic source
(not shown) to provide driven control of plunger 116 and

roller 120.
[0042] Referring to FIGS. 4, 9 and 13, cold section 22 is

placed between rollers 16, 18 along placement portion 17
such that splicing end 90 faces opening 60 and 1s 1n axial
alignment with heatable section 20 along center axis 76. An
actuator 24 for providing driven movement of cold section
22 1s placed 1n contact with opposing end 92 of cold section
22 for driving cold section 22 along roller assembly 14 and
into chamber 62 until splicing end 90 contacts a rotatable
TIG welder 30. As illustrated 1 FIG. 9, splicing end 90
contacts an annular insulating spacer 126 preferably com-
posed of a ceramic or other refractory material which
surrounds a welding tip 124 of TIG welder 30 such that a
proper spacing 1s maintained between splicing end 90 and
welding tip 124. In this position, welding tip 124 1s also 1n
substantial alignment with center axis 76. Because heating
clement 84 and cold pin 94 are each centered within sections
20 and 22, respectively, both are also substantially aligned
with one another along center axis 76.

[0043] Referring to both FIGS. 4 and 9, actuator 24
comprises a cylindrical housing 106 having a contacting end
98 and a far end 100 which simultaneously applies a
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directing force 110 to cold section 22, while also transmiut-
fing an electrical current to section 22. The actuator 24
further comprises an electrically conductive element 102
that extends longitudinally through housing 106 and 1is
adapted for connection with an electrical power interface
108 at far end 100. When actuator 24 contacts cold section
22, an electrical current 1s conducted from an electrical
power source (not shown) through conductive element 102
to cold section 22. Conductive element 102 i1s centered
within housing 106 by an insulating material 104 that
surrounds element 102. In its position between rollers 16, 18
along placement portion 17 of roller assembly 14, conduc-
five element 102 1s maintained 1n substantial alienment with
center axis 76. As 1llustrated 1n FIG. 4, a driving arrange-
ment (not shown), such as a pneumatic or hydraulic source,
generates a driving force 110 for driving actuator 24 longi-
tudinally along center axis 76. Thus, after the user places
cold section 22 on placement portion 17 between enclosure
12 and actuator 24, actuator 24 contacts and drives cold
section 22 along center axis 76 toward enclosure 12 during
the splicing operation.

10044] Referring to FIGS. 9 and 11, TIG welder 30 is
preferably a Tungsten Inert Shielded Gas (TIG) welding
device for melting the exposed end of cold pin 94 during the
splicing operation. TIG welder 30 comprises a rotatable arm
123 with a welding tip 124 formed at the free end thereof.
Welding tip 124 1s a conventional tungsten electrode which
provides a means for producing a weld connection between
the exposed ends of heating element 84 and cold pin 94. As
shown, annular spacer 126 surrounds welding tip 130 and
ensures proper spacing between welding tip 130 and splicing
end 90 of cold section 22. Rotating arm 123 is rotatable
about pivot axis 125 to rotate welding tip 124 both 1nto and
out of alignment with center axis 76. When welding tip 124
1s aligned with center axis 76, spacer 126 acts as a stop for
splicing end 90 of cold section 22 which has been directed
along center axis 76 by actuator 24, as noted above. An 1nert
gas source (not shown) delivers inert gas to chamber 62 for
improving the weld quality via an inert gas interface 129
which passes through an opening 115 1n front surface 42.

10045] Referring to FIGS. 9, 11-13, TIG welder 32 is also
a TIG welding device for providing a circumiferential weld
joint 134 between splicing end 80 of heatable section 20 and
splicing end 90 of cold section 22. TIG welder 32 comprises
an arm 131 having a welding tip 130 which extends through
an opening 40 1 lower surface 38 of body 12 and commu-
nicates with chamber 62. To accommodate different diam-
eters of sections 20, 22, TIG welder 32 may be vertically
adjustable. Welding tip 130 receives an electrical current
conducted along an electrical interface 132 that 1s provided
by an electrical power source (not shown) for initiating an
clectrical welding arc. During the staging operation of
heatable section 20, splicing end 80 1s positioned 1n radial
alignment with welding tip 130 such that tip 130 1s posi-
fioned adjacent outer sheath 78. This radial alignment
between splicing end 80 and welding tip 130 1s maintained
by roller 120 of roller actuator 28. Roller 120 permits
rotation of heatable section 20) about center axis 76 by roller
assembly 14 driven by driving device 75 without permitting
longitudinal translation along center axis 76 which main-
tains the axial alignment necessary for establishing a cir-
cumiferential weld joint 134 along juncture 136 as will be
described 1n greater detail below.
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[0046] Referring to FIGS. 4-13, the operation of splicing
machine 10 shall now be discussed. Cold section 22 1s set on
and 1s rotably carried by the placement portion 17 of roller
assembly 14 such that splicing end 90 faces opening 60, and
outer sheath 88 rests in tangential contact with first roller 16
and second roller 18 so that cold pin 94 1s substantially
aligned with center axis 76. The user directs section 22 along,
center axis 76 1n a direction toward body 12 until splicing
end 90 enters chamber 62 and contacts spacer 126 of TIG
welder 30. The actuator 24 1s then shid along center axis 76
in a direction toward cold section 22 until conductive
clement 102 1s positioned adjacent second end 92. Next, the
user places heatable section 20 1n notched portion 37 of
platform 35 and directs heatable section 20 toward opening
54 along center axis 76 until splicing end 80 enters chamber
62 and outer sheath 78 comes into contact with plunger 116
of stop 26. Upon contacting plunger 116, at least a portion
of heatable section 20 1s rotatably carried about center axis
76 by staging portion 15 for staging heatable section 20 in
preparation for the subsequent splicing operation between
heatable section 20 and cold section 22.

[0047] Preferably, the contact between plunger 116 and
splicing end 80 establishes an electrical circuit (not shown)
which causes roller 120 to extend downwardly from roller
actuator 28 and 1nto tangential contact with outer sheath 78,
thereby further preventing longitudinal movement of heat-
able section 20 along center axis 76 while still permitting
rotational movement thereabout. The driving source applies
a driving force 110 along center axis 76 to actuator 24,
thereby causing conductive element 102 to contact power
adapter 95 of cold pin 94. This action forces cold section 22
along center axis 76 in a direction toward chamber 62 of
body 12. Actuator 24 directs cold section 22 into chamber 62
so that splicing end 90 passes from placement portion 17
into staging portion 15 until splicing end 90 contacts spacer
126 of TIG welder 30. This contact brings welding tip 124
into close proximity with cold pin 94 at splicing end 90.
Once the staging procedure for heatable and cold sections
20, 22 has been completed, inert gas source (not shown)
delivers 1nert gas to chamber 62 via inert gas interface 129.
The electrical power source then supplies electrical current
which 1s transmitted along interface 108 of actuator 24
through contacting end 98 of conductive element 102. Once
the electric current 1s transmitted through cold pin 94 to
welding tip 124, an electrical circuit 1s completed which then
transmits an electrical current through the electrical interface
of TIG welder 30 to impose a high voltage between welding
tip 126 and cold pin 94. Once an arc 1s established between
welding tip 126 and cold pin 94 due to the voltage therebe-
tween, the exposed portion of the cold pin 94 located along
splicing end 90 melts, thereby forming a molten pool 128
thereon.

[0048] Once molten pool 128 is formed, TIG welder 30

rotates about pivot axis 125 until sufficient clearance 1is
provided to permit cold section 22 to further proceed lon-
oitudinally along center axis 76 past TIG welder 30. Pneu-
matic mterface 122 then moves plunger 116 out of the path
of cold section 22. Once TIG welder 30 has rotated out of the
way, driving force 110 1s reapplied against actuator 24 to
direct cold section 22 along center axis 76 until splicing end
90 1s brought mnto contact with splicing end 80 of heatable
section 20. Because heatable section 20 and cold section 22
share a common center axis 76 along roller assembly 14,
molten pool 128 and heating element 84 are brought into
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direct contact with each other forming a weld connection
therebetween as molten pool 128 solidifies around heating
clement 84.

[0049] While this weld connection is still being formed,
first roller 16 and second roller 18 of roller assembly 14 are
driven to rotate 1n the same rotational direction about
respective axes 68, 74 due to gear 77 of driving device 75
meshing with gears 63, 65 of first and second rollers 16, 18.
Heatable section 20 and cold section 22 are rotatably carried
by roller assembly 14 so that this rotational movement
imparts an opposing rotational movement about center axis
76 to heatable section 20 and cold section 22 which rotate in
unison. Electrical power 1s then applied to welding tip 130
of TIG welder 32 that 1s longitudinally aligned with grooves
59, 61 formed 1n first and second rollers 16, 18. TIG welder
32 1mposes a high voltage between welding tip 130 and
outer sheaths 78, 88 of sections 20, 22 that initiates a
welding arc. As heatable and cold sections 20, 22 rotate
about center axis 76, the welding arc 1mitiated between
welding tip 130 and sections 20, 22 forms a circumierential
weld joint 134 along juncture 136 between outer sheaths 78,
88 of respective splicing ends 80, 90. Grooves 59, 61
provide clearance between circumierential weld joint 134
that 1s being formed and first and second rollers 16, 18. Once
a complete circumferential weld joint 134 has been estab-
lished, roller 120 1s retracted and the driving force 110
removed from actuator 24. The splicing operation has now
been completed and the newly spliced heatable and cold
sections 20, 22 may be removed by directing opposing end
82 of heatable section 20 along center axis 76 1n a direction
away from chamber 62 until opposing end 92 of cold section
22 has fully passed through opening 54. Upon removal of
the spliced sections 20, 22, the operation may be repeated.

[0050] It should be apparent to one of ordinary skill in the
art that 1t would be possible to utilize any welding method
to establish the weld connection and circumierential weld
joint. Additionally, either a single TIG welder or multiple
TIG welders may be used. Moreover, 1t should be apparent
that any number of driving or actuating methods 1n addition
to pneumatics, such as hydraulics, electrical, or mechanical
devices are felt to fall within the scope of the present
invention.

[0051] Referring to FIG. 14, an alternate embodiment of
the present mvention designated as 200 shall now be dis-
cussed. For clarity, all components remain the same as with
the preferred embodiment 10 unless noted otherwise. A
significant difference between alternate embodiment 200
and preferred embodiment 10 1s the absence of roller assem-
bly 14. In place of roller assembly 14, alternate embodiment
200 comprises a platform 214 that 1s axially aligned with
platform 35 and includes a notched portion 237 which 1s
substantially identical to notched portion 37 so that heatable
section 20 and cold section 22 can be maintained 1n axial
alignment.

[0052] Referring to FIGS. 15-16, a further difference
between alternate embodiment 200 and preferred embodi-
ment 10 1s the substitution of an orbital welding device 240
for welding device 32. Orbital welding device 240 includes
an annular rotor 244 that secures a welding tip 246 therein
for forming a circumferential weld along the junction of
heatable and cold sections 20, 22. Preferably, welding device
240 1s a TIG welder. The circumferential weld, as previously
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discussed, 1s formed after heatable and cold sections 20, 22
are brought mto physical contact once the molten pool 128
has been formed along splicing end 90. Rotor 244 is
rotatably carried by a weld head 242. To account for
different diameters of heatable and cold sections 20, 22,
welding device 240 may incorporate a centering device (not
shown) to maintain device 240 in a centered position relative
to the center axis 76 of sections 20, 22. Device 240 may
further direct welding tip 246 along its longitudinal axis as
tip 246 rotates within weld head 242 so that device 240 may
account for different diameters of heatable and cold sections
20, 22 absent the centering device. Alternatively, a unique
welding device 240 configuration sized for each diameter of
sections 20, 22 may be used.

[0053] Although heatable and cold sections 20, 22 are not

driven 1n rotational movement 1n alternate embodiment 200
in order to effect the formation of the circumferential weld,
portions 20, 22 are secured 1n axial alignment by roller
actuator 28 1n the same manner as in the preferred embodi-
ment 10. Similarly, stop 26 also operates to control the axial
position of heatable section 20, although due to the position
of welding device 240, stop 26, as disclosed in preferred
embodiment 10, must be positioned at an oblique angle 248
relative to center axis 76 i1n order to provide suilicient
clearance therewith.

[0054] In addition, the present invention contemplates that
the sequence of operations may vary, depending upon
whether the splicing operation 1s automated or not. In an
automated operation, cold section 22 1s preferably installed
first on the roller assembly 14 as noted above. Upon the
splicing end 80 of heatable section 20 contacting plunger
116, an electrical circuit 1s completed which initiates the
splicing operation by the splicing apparatus 10. However, in
manual operation, the order of staging the heatable and cold
sections 20, 22 1s not critical, so long as cold section 22 has
been staged and heatable section 20 brought into contact
with plunger 116 1nside chamber 62. It should be further
appreciated that the timing for the introduction of inert gas
to enclosure 12 1s not critical, so long as the inert gas 1is
present within enclosure 12 to facilitate welding.

[0055] While the preferred embodiment of the roller
assembly 14 extends only from one side of enclosure 12, it
1s also felt that the roller assembly can extend from both
sides of enclosure 12, thereby effectively replacing platform

35.

[0056] Also, while the preferred embodiment shows the
heatable section 20 entering the chamber 62 along the
platform 35, and the cold section entering the chamber 62
along the roller assembly 14, it 1s apparent that this arrange-
ment could be reversed.

[0057] It should be understood from the foregoing that,
while particular embodiments of the invention have been
llustrated and described, various modifications can be made
thereto without departing from the spirit and scope of the
present 1nvention. Therefore, 1t 1s not intended that the
invention be limited by the specification; 1nstead, the scope
of the present mvention 1s intended to be limited only by the
appended claims.

[ claim:
1. An apparatus (10) for splicing a heatable section (20)
of a tubular heater (11) to a cold section (22) thereof, said
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heatable section (20) having opposing ends (80,82) includ-
ing an outer sheath (78) and a heating element (84), said
heating element (84) being inside said outer sheath (78), said
cold section (22) having opposing ends (90,92) including an
outer sheath (88) and a cold pin (94), said apparatus (10)
comprising;:

an enclosure (12) defining a chamber (62), said enclosure
(12) further defining openings in communication with

said chamber (62);

at least one welding tip (30) extending into said chamber
(62) and capable of melting said cold pin (94) and
welding the ends (80,90) of said heatable and cold
sections (20,22) together;

wherein one end (80) of said heatable section (20) and one
end (90) of said cold section (22) are each directed into
one of respective said opposing openings to a prede-
termined depth, said welding tip (30) being placed in
close proximity with said cold pin (94) of said end (90)
of said cold section (22) forming a molten pool (128)
thereon, said ends (80,90) of said heatable and cold
sections (20,22) being brought into contact wherein
said molten pool (128) and said heating element (84)
form a connection therebetween as said molten pool
(128) solidifies:

2. The apparatus (10) of claim 2 wherein said heatable and
cold sections (20,22) are circular in cross section.

3. The apparatus (10) of claim 1 wherein said welding tip
(30) is a Tungston Inert Shielded Gas welder.

4. The apparatus (10) of claim 1 wherein said chamber
(62) is filled with an inert gas.

5. The apparatus (10) of claim 1 wherein said heating
element (84) and said cold pin (94) are substantially cen-
tered within respective outer sheaths (78,88) by a filler
material (86).

6. The apparatus (10) of claim 5 wherein said filler
material (86) 1s magnesium oxide.

7. The apparatus (10) of claim 1 further comprising a pair
of rollers (16,18) in communication with said chamber (62)
and aligned with said opposed openings.

8. The apparatus (10) of claim 7 wherein a platform (35)
extends from said enclosure (12) in alignment with said pair
of rollers (16,18).

9. The apparatus (10) of claim 8 wherein said platform
(35) includes a notched portion (37) formed therein for
alignment with said opposed openings.

10. The apparatus (10) of claim 7 further comprising an
actuator (24) resting on said pair of rollers (16,18) for
directing said cold section (22) therealong.

11. The apparatus (10) of claim 1 wherein said welding tip
(30) being capable of forming a weld joint along a juncture
(136) of said ends (80, 90) of said heatable and cold sections
(20,22) thereby establishing a splice therebetween.

12. The apparatus (10) of claim 1 wherein said at least one
welding tip (30) comprises a Tungsten Inert Shielded Gas
welder.

13. The apparatus (10) of claim 1 wherein said at least one
welding tip (30) comprises an orbital Tungsten Inert
Shielded Gas welder.

14. A method of splicing a tubular heater (11) comprising
a heatable section (20) and a cold section (22) , said heatable
and said cold sections (20,22) each having an outer sheath
(78,88) with respective first and second ends (80, 82, 90,
92), said heatable section (20) having a heating element (84)
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for generating heat and said cold section (22) having a cold
pin (94) for conducting an electrical current using a splicing
apparatus (10) comprising an enclosure (12) defining a
chamber, (62) said enclosure (12) further defining openings
in communication with said chamber (62), at least one
welding tip (30) extending into said chamber (62), said at
least one welding tip (30) being capable of melting said cold
pin (94) and then welding said first ends (80,90) of said
heatable and cold sections (20,22) together, comprising the
steps of:

a) directing said first ends (80,90) of said heatable and

cold sections (20,22) toward each other through respec-
tive said openings to a predetermined depth;

b) placing said welding tip (30) in close proximity with
said cold pin(94);

¢) melting a portion of said cold pin (94) along said first
end (90) of said cold section (22) with said welding

tip(30);

d) pressing said first ends (80,90) of said heatable section
(20) and said cold section (22) together forming a
juncture (136) therebetween; and

¢) welding along said juncture (136) of said outer sheaths
(78,88) with said welding tip (30) to form a weld joint
(134) therebetween.
15. The method of claim 14 wherein said step c) is
performed using a Tungsten Inert Shielded Gas welder.
16. The method of claim 14 wherein said step e) is
performed using a Tungsten Inert Shielded Gas welder.
17. The method of claim 14 wherein said steps ¢) and €)
are performed in the presence of an inert gas.

18. The method of claim 14 wherein said heating element
(84) is centrally coiled along the length of said heatable
section (20).

19. The method of claim 14 wherein said step €) is
performed using an orbital Tungsten Inert Shielded Gas
welder.

20. The method of claim 18 wheremn a portion of said

heating element (84) is caused to extend outwardly from
said first end (80).

21. The method of claim 14 wherein said step d) juncture
(136) is formed so that said heating element (84) and said
melted portion (128) of said cold pin (94) contact each other
thereby forming a connection between said heating element
(84) and said cold pin (94) as said cold pin (94) solidifies.

22. An apparatus (10) for splicing a heatable section (20)
of a tubular heater (11) to a cold section (22) thereof, said
heatable section (20) having opposing ends (80,82) includ-
ing an outer sheath (78) and a heating element(84), said cold
section (22) having opposing ends (90,92) including an
outer sheath (88) and a cold pin, (94) said apparatus (10)
comprising:

an enclosure (12) defining a chamber (62), said enclosure
(12) further defining opposed openings in communica-
tion with said chamber (62) for receiving said heatable
section (20) in one of said opposed openings and said
cold section (22) in the other said opening;

a roller assembly (14) having first and second rollers
(16,18), said roller assembly (14) further including a
staging portion (15) in communication with said enclo-
sure (12) and a placement portion (17) extending from
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said staging portion (15), said first and second rollers
(16,18) being aligned with said opposed openings;

a platform (35) extending from said enclosure (12), said
platform (35) having a notched portion (37) formed
therein which 1s aligned with said first and second
rollers (16,18) for carrying said heatable section (20)
therecalong;

an actuator (24) resting between said first and second
rollers (16,18) along said placement portion (17) for
directing said cold section (22) therealong,

at least one welding tip (30) extending into said chamber
(62) and capable of melting said cold pin (94) and

connecting the ends of said heatable and cold sections
(20,22) together;

wherein upon respective ends of said heatable and cold
sections (20,22) being placed in each of said opposed
openings, said actuator (24) directing said cold section
(22) so that said welding tip (30) may be placed in close
proximity with said cold pin (94) for forming a molten
pool (128) thereon, said ends (80, 90) of said heatable
and cold sections (20,22) then being brought into
contact with one another such that said molten pool
(128) and said heating element (84) form a connection
therebetween as said molten pool (128) solidifies.

23. The apparatus (10) according to claim 22, wherein
said first and second rollers (16,18) are forced in rotational
movement so that said heatable and cold sections (20,22)
rotate 1n unison 1n an opposing rotational movement along
said staging portion (185).

24. The apparatus (10) according to claim 22, wherein
said welding tip (30) may form a weld joint (134) along the
juncture (136) of said ends (80,82,90,92) of said heatable
and cold sections, (20,22) thereby establishing a splice
therebetween.

25. The apparatus (10) of claim 22 wherein roller assem-
bly (14) extends through said enclosure (12).

26. The apparatus (10) claim 22 wherein said actuator
(24) drives said cold section (22) into one of said opposed
openings to a predetermined depth so that cold section (22)
is rotatably carried by said staging portion (15).

27. The apparatus (10) of claim 26 wherein said actuator
(24) directs the ends (80,82,90,92) of said heatable and cold
sections (20,22) into contact with each other after said
welding tip (30) contacts said cold pin (94) for forming said
molten pool (128) thereon.

28. An apparatus (10) for splicing a heatable section (20)
of a tubular heater (12) to a cold section (22) thereof, said
heatable section (20) including an outer sheath (78) having
a heating element (84) therein substantially extending the
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length of said outer sheath, (78) said cold section (22)
including an outer sheath (88) having a cold pin (94) therein
substantially extending the length of said sheath (88), said
apparatus (10) comprising:

an enclosure (12) defining a chamber (62), said enclosure
(12) further defining opposed openings in communica-
tion with said chamber (62) for receiving one said
heatable section (20) in one said opposed opening and
one said cold section (22) in the other said opening;

a platform (35) having a notch (37) formed therein
extending from said enclosure (12);

first and second rollers (16,18) having a staging portion
(15) 1in communication with said enclosure (12) and a
placement portion (17) extending therefrom in an
opposing direction from said platform (35), said first
and second rollers (16,18) and said notch (37) being

aligned with said opposed openings;

an actuator (24) positioned along said placement portion
(17);

a rotatable welding tip (30) and a fixed welding tip (124)
extending into said chamber (62), said rotatable weld-
ing tip (30) capable of melting said cold pin, (94) said
fixed welding tip (124) capable of welding the ends of
said heatable and cold sections (20, 22) together.

29. The apparatus (10) of claim 28 wherein once said
heatable section (20) reaches said predetermined depth, said
actuator (24) includes a roller (120) which extends down-
wardly 1nto rotatable tangential contact with said heatable
section (20) thereby constraining said heatable section (20)
to rotational movement along said staging portion (15).

30. The apparatus (10) of claim 28 wherein upon respec-
tive ends (80,90) of said heatable and cold sections (20,22)
being placed 1n each of said opposed openings, said actuator
(24) capable of directing said cold section (22) into contact
with said rotatable welding tip (130) for forming a molten
pool (128) thereon and with said fixed welding tip (124)
such that after said molten pool (128) is formed, said
actuator (24) directs said heatable and cold sections (20,22)
into contact for said fixed welding tip (124) to weld the ends
(80,90) of said heatable and cold sections (20,22) together.

31. The apparatus (10) of claim 28 wherein said first and
second rollers (16,18) are placed in driven rotational move-
ment so that heatable and cold sections (20,22) rotate in
unison 1n an opposing rotational movement along said
staging portion (15) so that fixed welding tip (124) forms a
weld joint (134) along the juncture (136) of said ends
(80,90) of said heatable and cold sections (20,22).
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