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FIELD
[0002] . The present disclosure relates generally to electric heaters for use in
pipelines, and more particularly to electric heaters for use in gaslines and pumplines

such as, by way of example, semiconductor processing systems.

BACKGROUND

[0003] The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.

[0004] The supply of fluids such as oil, gas, and water, among others, from a
supply, €.g., an oil well or a water reservoir, requires transfer of such fluids by conduits
or the like. Maintaining a free or unrestricted flow of the fluids within the conduits is
often necessary, in addition to maintaining the fluid at or above a certain temperature.
Presently, an electric heater in the form of a cable or a tape, known in the art as a “heat
trace,” is commonly used around the conduits to provide heat to the conduits and thus
to the fluids. Additionally, the conduits and the heat traces are sometimes surrounded
by a thermal insulation jacket to reduce heat loss to the surrounding environment.

[0005] Heat trace cables are a popular means for heating such fluid conduits
due to their relative simplicity and low cost. Generally, heat trace cables are disposed
along the length of the conduits or wrapped around the conduits and are fastened at
regular intervals with bands, retaining straps or any other suitable fasteners, as shown
in U.S. Patent No. 5,294,780 to Montierth et al., U.S. Patent No. 5,086,836 to Barth et
al.,, U.S. Patent No. 4,791,277 to Montierth et al.,, U.S. Patent No. 4,152,577 to



related to the present disclosure and nay not constitute prior art.
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jacket. A corresponding plurality of passageways are formed between the heat trace
section and the insulation jacket and between the plurality of standoffs. The standoffs
as disclosed herein may be integrally formed, separately attached, and may take on a
variety of geometrical configurations.

[0008] In another form, an insulation jacket for use in a heating system is
provided that comprises a plurality of standoffs extending from an inner surface of the
insulation jacket and inwardly towards a heater, wherein a plurality of passageways are
formed between the heater and the insulation jacket and between the plurality of
standoffs.

[00G9] In yet another form, a heat trace section for use in a heating system is
provided that comprises a plurality of standoffs extending from an outer surface of the
heat trace section and outwardly towards an insulation jacket, wherein a plurality of
passageways are formed between the heat trace section and the insulation jacket and

between the plurality of standoffs.



[0007] I n one preferred form a heat trace assenbly is provided that
conprises a heat trace section, an insulation jacket surrounding the
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plurality of passageways are forned between the heat trace section
and the insulation jacket and between the plurality of standoffs. The
standoffs as disclosed herein may be integrally fornmed, separately

attached, ar[dofely tRlstharrareayef a@l“}ta@flty@ﬁmﬂat:diméabpémf[ frobi thlideasription
[ 0008] I n another form an insul atlon acket for use in a heatin
8%&‘?5}1@'9

syst em POVIgRBJIeHRID. {RAouUCohp HNd@rsogadnal e depcrintion afRAacyics@
from annidpags fé:ubur%se@taf mhgtréﬁb%ﬁy'a% Ar@%@ﬁntéﬁ&’ed Al %@8}% ghtR

heater, wherein a plurality of passageways are forned between t
heat er RIAGEMHSAORU®at i on j acket and between the plurality of
standoffs. [0009]In yet another form a heat trace section for use in
a heating systemis provided that conprises a plurality of standoffs
extending from an out eBREF REICRPTON QEAtHE DRAGVINGS | on and
outwardly t nsul acket. wherein a ality, of
passagewayscmlﬁtﬁf or e\ﬂééﬁ SRR gl bﬁ”ﬁ@@ LOLs Q'é' H‘ae’ﬁ?é’d from the
i nsul atdeildoedeeetip @cndaﬂitethmo Ingraawings Ovhédegndof fs. WO
2008/ 033927PCT/ U82007/ 078278 0010?Furt her "areas of ap@I icability

r

wi |1 become [AHHHr erfi'9¢feom iBre S&B@@?F'@t"'% shePwinadene prabAlicalgrisupta
be undehshagdhddtatackhasens tbméa% SMicSRGCSH sﬁﬁ@%ﬁ@ findgit ended

U
for purposes of illustration only and are not 1 ntended P let t he
scope of t he[omiﬂserﬁlguresz; isog lpeéspectlve view of a prior art heat trace cable dlsposed

around a gasline or pumpline;

[0014] Figure 3 is a perspective cutaway view of a prior art heat trace cable;

[6015] Figure 4 is a cross-sectional view, taken along line 3-3, of the prior art
heat trace cable of Figure 3;

[0016] Figure 5 is a perspeciive view of a modular heat trace assembly
secured to a conduit system in accordance with a first embodiment of the present
disclosure;

[0017] Figure 6 is an exploded perspective view of the modular heat trace
assembly of Figure 5 in accordance with the teachings of the present disclosure;

[0018] Figure 7 is a perspective view of a heat trace section of Figures 5 and
6 constructed in accordance with the teachings of the present disclosure;

[0019] Figure 8 is an end view of the heat trace section of Figure 7 in
accordance with the teachings of the present disclosure;

[0020] Figure 9 is a perspective view of a connector of Figures 5 and 6 in
accordance with the teachings of the present disclosure;

[0021] Figure 10 is a top view of the connector of Figure 9 in accordance with
the teachings of the present disclosure;

[0022] Figure 11a is a perspective view of a connector in accordance with one
embodiment constructed in accordance with the principles of the present disclosure;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] The present disclosure will
becone nore fully understood fromthe detail ed description and the
acconpanyi ng draw ngs, wherein: [0012]Figure 1 is a schematic view
showi ng on FOF G2 pplications of a nodul ar heat tracep%'é%%fof/&%
heat ed sem conductor gaslines and punpli nes; [0013]Figure 2 is
a perspective view of a prior art heat trace cable di sposed around a
gasline or punpline; [0014]Figure 3 is a perspective cutaway view of
a prior art [be23] trRigerecabbds o PObpetivguviewdof 8 cvnpeods IS @ctorante with

view, taken alon ine 3-3, of the prior art heat trace cable of
Fi gure @o?her emb%d!ment constructed Pn a%cordance w191 ?he prl%cﬁ)les of the present
disclosure;

[0024] Figure 11c is a perspective view of a connector in accordance with yet
another embodiment constructed in accordance with the principles of the present
disclosure;

[0025] Figure 12 is a perspective view of a heat trace section constructed in
accordance with a second embodiment of the present disclosure;

[0026] Figure 13 is an end view of the heat trace section of Figure 12 in
accordance with the teachings of the present disclosure;

[0027] Figure 14 is a top view of a bussing adapter constructed in accordance
with the teachings of the present disclosure *

[0028] Figure 15 is a perspective view of a heat trace junction constructed in
accordance with a third embodiment of the present disclosure;

[0029] Figure 16 is a perspective view of an alternate form of the heat trace
junction of Figure 15 configured for an elbow junction of a conduit system and
constructed in accordance with the teachings of the present disciosure;

[0030] Figure 17 is a perspective view of an alternate form of the heat trace
junction of Figure 15 configured for a T-junction of a conduit system and constructed in
accordance with the teachings of the present disclosure;

[0031] Figure 18 is a perspective view of heat trace sections with termination
structures in accordance with a fourth embodiment of the present disclosure, the heat
trace sections being in a disengaged state;

[0032] . Figure 19.is a side view of the heat frace sections of Figure 18 in
accordance with the teachings of the present disclosure;

[0033] Figure 20 is a perspective view of the heat trace sections of Figure 18
in an engaged state in accordance with the teachings of the present disclosure;

[0034] Figures 21 is a side view of the heat frace sections of Figure 20 in
accordance with the teachings of the present disclosure;



[0016] Figure 5 is a perspective view of a nodul ar heat trace assenbly
secured to a conduit systemin accordance with a first enbodi nent of
the present disclosure; [0017]Figure 6 is an expl oded perspective

vi ew of t hWORWMPHR7 heat trace assembly of Figure 5 |n153@§PﬂHW@8”‘
with the teachings of the present disclosure; [0018] Figure 7 is
a perspective view of a heat trace section of Figures 5 and 6
constructed in accordance with the teachings of the present
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di scl osure;
[0036] Figure 23 is a perspective cutaway view of another embodiment of a

heater construction, a z-directional heater, in accordance with the teachings of the
present disclosure;

[0037] Figure 24 is a perspective view of a thermal insulation jacket for a
heated conduit constructed in accordance with the teachings of the present disclosure;

[0038] Figure 25 is an end view of a thermal insulation jacket with an altemate
pocket configuration and constructed in accordance with the teachings of the present
disclosure;

[0039] Figure 26 is a perspective view of another form of a thermal insulation
jacket for a heated conduit constructed in accordance with the teachings of the present
disclosure;

[0040] Figure 27 is a perspective view of a still another form of a thermal
insulation jacket for a heated conduit constructed in accordance with the teachings of
the present disclosure;

[0041] Figure 28 is a perspective view of yet another form of a thermal
insulation jacket for a heated conduit constructed in accordance with the teachings of
the present disclosure;

[0042] Figure 29 is a perspective view of another embodiment of a modular
heat trace assembly constructed in accordance with the teachings of the present
disclosure;

[0043] Figure 30 is another perspective view of the modular heat trace
assembly of Figure 29 in accordance with the teachings of the present disclosure;

[0044] Figure 31 is an exploded perspective view of the modular heat trace
assembly of Figure 30 in accordance with the teachings of the present disclosure;

[0045] Figure 32 is a perspective view of a heat trace section constructed in
accordance with the teachings of the present disclosure;

[0046] Figure 33 is an exploded perspective view of the heat trace section in

accordance with the teachings of the present disclosure;



[0021]Figure 10 is a top view of the connector of Figure 9 in
accordance with the teachings of the present disclosure; [0022] Fi gure
lla is a perspectlve view of a connector in accordance with
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enbodi nent constructed in accordance with the principles of the
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[0048] Figure 35 is an end view of the heat trace section comprising fins in

accordance with the teachings of the present disclosure;

[0049] Figure 36 is an end view of the heat trace section comprising fins and
disposed within an insulation jacket in accordance with the teachings of the present
disclosure;

[6050] Figure 37 is a perspective view of an insulation jacket constructed in
accordance with the teachings of the present disclosure;

[0051] Figure 38 is an end view of the insulation jacket in accordance with the
teachings of the present disclosure;

[0052] Figure 39 is a perspective view of a heat trace section engaging a
terminating member and constructed in accordance with the teachings of the present
disclosure;

[0053] Figure 40 is a perspective view of the terminating member in
accordance with the teachings of the present disclosure;

[0054] Figure 41 is a front perspective view of a housing body of the
terminating member constructed in accordance with the teachings of the present
disclosure;

[0055] Figure 42 is a rear perspective view of the housing body in accordance
with the teachings of the present disclosure;

[0056] Figure 43 is a front perspective view of an end cap of the terminating
member constructed in accordance with the teachings of the present disclosure;

[0057] Figure 44 is an back end view of the housing body in accordance with
the teachings of the present disclosure;

[0058] Figure 45 is an back end view of the housing body with internal
electrical connections and constructed in accordance with the teachings of the present
disclosure;

[0059] Figure 46 is a front end view of the housing body illustrating portions of
the elecirical connections and constructed in accordance with the teachings of the

present disclosure;



[0025] Figure 12 is a perspective view of a heat trace section
constructed in accordance wth a second enbodi nent of the present

di scl osure; [0026£Fi gure 13 is an end view of the heat trace section
of Figure WP20P/%e¥Ar dance with the teachings of the priEdéfi007/078278
di scl osure; [0027]Figure 14 is a top view of a bussing adapter
constructed in accordance with the teachings of the present
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constructed in accordance with the teachings of the present disclosure;

[0062] @ Figure 49 is a rear perspective view of the—connector assembly in
accordance with the teachings of the present disclosure;

[0063] Figure 50 is an exploded perspective view of the connector assembly
in accordance with the teachings of the present disclosure;

[0064] Figure 51 is a partial perspective view of a fitting heater assembly
consfructed in accordance with the teachings of the present disclosure;

[0065] Figure 52 is another partial perspective view of the fitting heater
assembly constructed in accordance with the teachings of the present disclosure;

[0066] Figure 53 is a perspective view of an alternate embodiment of an outer
casing having a snap feature and constructed in accordance with the teachings of the
present disclosure; ‘

[0067] . Figure 54 is.a perspective view of a cover engaged with a shell
member and constructed in accordance with the teachings of the present disclosure;

[0068] Figure 55 is a side view of the cover engaged with the shell member in
accordance with the teachings of the present disclosure;

[0069] Figure 56 is a perspective view of another form of a heat trace
assembly constructed in accordance with the teachings of the present disclosure;

[0070] Figure 57 is an end view of the heat trace assembly in accordance with
the teachings of the present disclosure;

[0071] Figure 58 is a perspective view of the heat trace assembly illustrating
rotatable segments of an insulation jacket in accordance with the teachings of the
present disclosure;

[0072] Figure 59a is a perspective view of an alternate form of standoffs
constructed in accordance with the teachings of the present disclosure;

[0073] Figure 59b is a perspective view of another alternate form of standoffs
constructed in accordance with the teachings of the present disclosure;



[0030] Figure 17 is a perspective view of an alternate formof the
heat trace junction of Figure 15 configured for a T-junction of a
conduit system and constructed in accordance wth the teachings of

t he presenVO®BH3Ure;: [0031]Figure 18 is a perspecti RENYRH7882F%at
trace sections with termnation structures in accordance with a
fourth enbodi mrent of the present disclosure, the heat trace sections
being in a disengaged state; [0032]Figure 19 is a side view of the
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is a side view f the heat trac ctions of ure 2 ance
wi t h t essesdthiutiigingfa cardeprod esanstiistetds Laoasordance with the teachings of the
present disclosure;

[0076] Figure 61 is an exploded perspective view of the heat trace assembly
with the carrier in accordance with the teachings of the present disclosure;

[0077] Figure 62a is an end view of an alternate form of a carrier constructed
in accordance with the teachings of the present disclosure;

[0078] Figure 62b is an end view of another alternate form of a carrier
constructed in accordance with the teachings of the present disclosure;

[0079] Figure 63 is a perspective view of an alternate form of a heat trace
section having a stripped end portion and constructed in accordance with the teachings
of the present disclosure;

[0080] Figure 64 is a perspective view of a terminating member secured to the
stripped end portion of the heat trace section in accordance with the teachings of the
present disclosure;

[0081] Figure 65 is a perspective view of the terminating member secured fo
the stripped end portion of the heat trace section, illustrating electrical components
therein, along with an end cap, in accordance with the teachings of the present
disclosure;

[0082] Figure 66 is a perspective view of another alternate form of a heat
trace section having a stripped end portion and constructed in accordance with the
teachings of the present disclosure;

[0083] Figure 67 is a perspective view of an end shield secured to the
stripped end portion of the heat trace section in accordance with the teachings of the
present disclosure;

[0084] Figure 68 is a perspective view of a terminating member secured
against the end shield in accordance with the teachings of the present disclosure;

[0085] Figure 69 is a perspective view of the terminating member secured to

the stripped end portion of the heat trace section, illustrating electrical components



WD 2008/ 033927PCT/ US2007/ 078278 [ 0035] Figure 22 is a side view of an
alternate formof connecting the heat trace sections of Figures 18-21
and constructed in accordance with the teachings of the present

di scl osur eWO[2083483%27 gure 23 is a perspective cutaway viBWERIGAG2RRr
enbodi nent of a heater construction, a z-directional heater, in
accordance wth the teachings of the present disclosure; [0037] Fi gure
24 is a perspective view of a thermal insulation jacket for a heated
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a ther rhﬂvinmmullta;tle drelectrlc covers and constructed in accordance with the teachings of
the present disclosure;

[0087] Figure 71 is an end view of another alternate form of a heat trace
section having multiple dielectric covers and constructed in accordance with the
teachings of the present disclosure;

[0088] Figure 72 is an end view of an alternate heat trace section having a
reduced area and constructed in accordance with the teachings of the present
disclosure;

[0089] Figure 73 is a perspective view of an alternate form of a fitting adapter
constructed in accordance with the teachings of the present disclosure;

[0090] Figure 74 is an exploded perspective view of the fitting adapter and an
adjacent fitting in accordance with the teachings of the present disclosure;

[0091] Figure 75 is a perspective view of an alternate form of an insulation
jacket constructed in accordance with the teachings of the present disclosure; and

[0092] Figure 76 is an end view of the insulation jacket in accordance with the
teachings of the present disclosure.

[0093] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0094] The following description is merely exemplary in nature and. is not
intended to limit the present disclosure, application, or uses.

[0095] The structure of a heater in accordance with the present disclosure is
now described in greater detail. At the outset, it should be understood that the word
“conduit” as used throughout this specification includes, without limitation, tubes, pipes,
and other enclosed or partially enclosed members for the transfer of fluids or other
materials such as powders or slurries. The materials carried by the conduits described
herein includes solids, liquids, and gases and may include, by way of example, fluids



jacket for a heated conduit constructed in accordance with the
teachings of the present disclosure; [0040] Figure 27 is a perspective
view of a still another formof a thermal insulation jacket for a
heat ed conWQiZ08®#3Tructed in accordance with the teacKIGIgS2HITHRE
present disclosure; [0041]Figure 28 is a perspective view of yet
another formof a thermal insulation jacket for a heated conduit
constructed in accordance with the teachings of the present
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trace disclosure are not limited to-a semiconductor processing apparatus and can be applied
to any system of conduits while remaining within the scope of the prensent disclosure.

[0096] Referring to Figure 1, a semiconductor processing system 10 is
illustrated, which generally includes a heated gasline 12 that extends from a remote gas
delivery system to a process tool, and a heated pumpline 14 that extends from the
process tool, through a plurality of components as shown, and to a scrubber. During
operation, both the gasline 12 and the pumpline 14 must be heated according to
specific processing requirements, which has typically been accomplished with heat
trace cables 16 as shown in Figure 2. The heat trace cables 16 are placed or wrapped
along the length of the gasline 12 or pumpline 14 as shown, and are secured to the
gasline 12 or pumpline 14 using a glass tape 18 or other securing means. Additionally,
insulation 20 is often placed around the heat trace cables 16 to reduce heat loss to the
outside environment. The insulation 20 is typically wrapped around the heat trace
cables 16 and secured in place by separate pieces of tape or ties around the gasline 12
or pumpline 14.

[0097] Referring to Figures 3 and 4, the construction and materials of the heat
trace cables 16 are illustrated and described in greater detail. The heat trace cable 16
typically includes a pair of bus-conductors 22, which are surrounded by a
semiconductive polymer material 24 that functions as a heating element. A dielectric or
insulator material 26 surrounds the semiconductive polymer material 24, which may
optionally be surrounded by a metal braid material 28 as shown for additional
functionality such as a ground plane. Further, an outer jacket 30 surrounds the metal
braid material 28 to protect the overall assembly, and the outer jacket 30 is typically an
insulating material such as a thermoplastic.

[0098] Although relatively lower cost than other heater systems, heat trace
cables 16 must be cut to length in the field and spliced into an appropriate connector or

terminal, which. is often time consuming. and cumbersome. Additionally, heat trace
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assenbly of Figure 30 in accordance with the teachings of the present
di scl osure; [ 0045] Figure 32 is a perspective view of a heat
trace section constructed in accordance with the teachings of the
present di WOI288BP27[ 0046] Figure 33 is an expl oded per HESHTUI/ 07828y
of the heat trace section in accordance with the teachings of the
present disclosure; WD 2008/ 033927PCT/ US2007/078278 [0047] Figure 34
is a perspective view of a heat trace section conprising fins and
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di scl osure; Figure 35 is an end view of heat trace

secti orheta{aﬁg,ﬂr@fplg@ qrqgrigeﬂength of a conduit due to the limited area of coverage and the
relatively crude means by which they are secured to the conduit. Heat trace cables 16
provide only casual contact with the conduit due to their stiffness and difficulty in
forming to the shape of the conduit.

[0099] With reference now to Figures 5 through 8, a modular heat trace
assembly adapted for use in a semiconductor processing system 10 in accordance with
a first embodiment of the present disclosure is illustrated and generally indicated by
reference numeral 50. The modular heat trace assembly 50 comprises heat frace
sections 52 for contacting and heating a conduit 13 of the semiconductor processing
system 10. The modular heat trace assembly 50 also comprises connectors 54 for
securing adjacent heat frace sections 52 and for securing the modular heat trace
assembly 50 to components of the semiconductor processing system 10 as described in
greater detail below.

[00100] The heat trace sections 52 are preferably formed as an elongated
shape as shown and include a curved portion 56 and a pair of opposing locking edges
58 extending in a longitudinal direction of the curved portion 56. The curved portion 56
has an inner surface 60 defining an open channel 62 for placement around the conduit
13. The inner surface 60 is preferably complementary to an outer surface of the conduit
13 to allow for securing the heat trace section 52 to the conduit 13. The curved portion
56 preferably surrounds at least a half of the entire outer surface of the conduit 13 to
provide more uniform heat transfer from the heat trace section 52 to the conduit 13 and
to allow for self-locking of the heat trace section 52 around the conduit 13 by the locking
edges 58.

[00101] As shown, the locking edges 58 are spaced apart in a direction
transverse to the longitudinal axis of the curved portion 56 and are so configured as to
facilitate the mounting of the heat trace sections 52 to the conduit 13. Since the heat
trace material is flexible, when the channel 62 of the heat trace section 52 is placed
around the conduit 13, the locking edges 58 can be deflected outwardly and are then
biased against the conduit 13 when released to secure the heat trace section 52 o the
conduit 13.
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accordance with the teachings of the present disclosure; [0049]Fi gure
36 is an end view of the heat trace section conprising fins and

di sposed within an insulation jacket in accordance wth the teachings
of the pre¥WORMBIRY osure; [0050] Figure 37 is a perspedGIESH7BTF26%
an insul ation jacket constructed in accordance with the teachings of
the present disclosure; [0051] Figure 38 is an end view of the

I nsul ation jacket in accordance wth the teachings of the present

di scl osure; [b649¢2]] FAGHIrhed 3hbdinda B@rr%@%ﬁhw&oﬁé' EWa p@vta%atw.frrraﬁ% heat
section engaging 'a termnating nmber and constructed in accordance

Wi th t HeaneoseritlyS2fprefesaly csleng BPslockioar ed0e B3PS Hupwn 4pheeets the
Per specldndicibhEds Rttty #hhEeRP8hds Bs and 68. The conductors 64 are

configured for connection to a power source (not shown) for providing heat along the
heat trace section 52. The conductors 64 are also adapted, as described in greater
detail below, for connection to an adjacent heat trace section 52 or to an adjacent
connector 54. Although not illustrated in Figures 5 through 8, it should be understood
that the heat trace section 52 comprises the semiconductive polymer material, a
dielectric or insulator material surrounding the semiconductive polymer material, and
may also comprise optional materials for a ground plane and an outer jacket as
previously described. These separate materials are not illustrated with the heat trace
section 52 for purposes of clarity.

[00103] The heat trace sections 52 are preferably preformed in sizes
corresponding to different sizes, or outside diameters for example, of the conduit 13.
The heat trace sections 52 are also capable of being cut to length, according to a
desired length for a particular section of conduit 13. Preferably, the heat trace sections
52 are provided in standard sizes and lengths for ease of repair and replacement within
a conduit system such as the semiconductor processing system 10 as shown.
Accordingly, the modular construction of the heater system according to the teachings
of the present disclosure facilitates a relatively low cost heater system that is easily
adapted to a conduit system.

[00104] Referring now to Figures 9 through 11c in conjunction with Figures 5
and 6, the connector 54 is provided proximate at least one of the opposite ends 66 or 68
of the heat trace section 52 to secure the heat trace section 52 to an adjacent heat trace
section -52 between or across a fitting 70 of the conduit system 10. Preferably, the
connector 54 is formed to the shape of the fitting for ease of installation and removal.
Additionally, a mating cover 72 is provided to cover the connector 54 proximate the
fitting, which is also formed to the shape of the fitting.

[00105] The heat trace section 52 and the connector 54 define mating features
to allow for a quick engagement and disengagement between the heat trace section 52
and the connector 54. In this illustrative embodiment, the connector 54 is provided with
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accordance with the teachings of the present disclosure; [0054]Figure
41 is a front perspective view of a housing body of the term nating
menber constructed in accordance with the teachings of the present

di scl osur eWO[200453%7 gure 42 is a rear perspective vi ew BIT/¥RENFE23§ ng
body in accordance with the teachings of the present disclosure;

[ 0056] Figure 43 is a front perspective view of an end cap of the
term nating nmenber constructed in accordance with the teachings of

the preseal dﬁlcéﬁrb@@dﬂd% groove$ GRF81 @&Wﬁg e d:&qd@etoka@eh @H%hVéréVM/&Eal[y

t he housing body in accordance with the teachings of pr esent
di scl osirtle fqrovdfains. quirexraseq wirgs aggewt eherinpiagy igfa Wﬁi tm@stvmhmsa as

W th i N&IABLd in greater detail below.

[00106] The connector 54 may comprise one of a plurality of forms for electrical
connection and heat transfer in accordance with the teachings of the present disclosure.
In a first form shown in Figure 11a, the connector 54 comprises an insulative material
and includes electrical connector elements 74 disposed within the grooves 58. The
electrical connector elements 74 are generally in the form of a socket and are adapted
to receive the conductors 64 as shown. The electrical connector elements 74 may be
sized for an interference fit, or alternately, may be crimped onto the conductors 64 as
necessary. Alternatively, the electrical connector elements 74 may comprise a squeeze
connector, which is also known as an insulation displacement or piercing connecior,
that includes an electrical contact that is moved by a flexible cover or housing to contact
the conductors 64 through their surrounding materials, e.g., insulating material,
semiconductive polymer material metal braid material.  An exemplary squeeze
connector is illustrated in U.S. Patent No. 4,861,278, and a wide variety of such
connectors are commercially available from numerous sources and are not illustrated
herein for purposes of brevity. Accordingly, it should be understood that a variety of
electrical connectors may be employed while remaining within the scope of the present
disclosure. It should also be understood that electrical connection between the
electrical connector elements 74 across the connector 54, as indicated by the dashed
line 75, may also be employed in order to provide electrical continuity across the
connector 54, using a variety of electrical connection approaches while remaining within
the scope of the present disclosure.

[00107] In a second form as shown in Figure 11b, the connector 54 comprises
an insulative material with the electrical connector elements 74 as shown above and
also comprises a pre-formed heat trace section 76 disposed within the body of the
connector 54. The heat trace section 76 thus provides the requisite heat to the fitting 70
of the conduit system 10 and is constructed in accordance with the teachings of the

present disclosure as described above.
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el ectrical connections and constructed in accordance with the

teachi ngs of the present disclosure; [0059]Figure 46 is a front end
vi ew of the housing body illustrating portions of the electrical
connect i onWORAP/0333%t ruct ed i n accordance with the teadiTigR0GH07§2A%E
present disclosure; WD 2008/ 033927PCT/ US2007/ 078278 [ 0060] Fi gure 47
Is a front end view of the nodul ar heat trace assenbly constructed in
accordance with the teachings of the present disclosure; [0061]Fi gure

48 is af ror[bo-m]sqﬁcot 03] er‘rﬁ‘é!s@choWFﬁn qi?gjl!?'@%@r th%S&ﬁm@l:bbr SADIipHEES Gn

in accordance with the teachin resen’t di scl osur e;

S
[ 0062] Frngdatymmat@rla w@arth@mfgpgi@med/@eeﬁ gacefsectien JonAed it heselgpirigal
In connector elements 74. In this form, the conductors 64 extend from the connector 54

as shown and are subsequently attached to another connector or terminal for electrical
connection to a power source (not shown). Alternately, the connector 54, in each of the
forms illustrated herein, may also include a discrete temperature sensor (not shown), or
inherent temperature sensing capability using TCR (temperature coefficient of
resistance) materials, for improved temperature control of the heater system.

[00109] in yet another form, a heat transfer compound such as a silicone or
non-silicone based paste, or a sheet-type thermal gel, among others, is disposed on
one side of the connector 54, on one or more of the exposed surfaces adjacent the
conduit 13 for improved heat transfer. Accordingly, it should be understood that a
variety of thermal interface materials may be employed both on the connector 54 and
the heat trace section 52 to improve or control heat transfer while remaining within the
scope of the present disclosure.

[00110] It should be noted that while a pin and groove configuration is used for
connecting the heat frace section 52 to the connector 54, other features for connecting
the same can be used as long as the connector 54 functions to secure the heat trace
section 52 to an adjacent heat trace section 52 and to provide electrical continuity
across the connection. For example, such features may include, by way of example,
screws, pegs, shaps, clips, and the like to align and/or secure the mating structure.
Additionally, features other than mechanical elements may be employed, such as
electromagnetic features, while remaining within the scope of the present disclosure.

[00111] It should also be noted that while the heat trace section 52 is described
in the first embodiment to have a curved portion 56, the heat trace section 52 is not
limited to the shape and configuration as illustrated herein. The heat trace section 52
can be of any shape as long as it can be properly secured to the conduit 13 and thus
provide heat to the conduit 13. For example, the heat trace section 52 may have a
rectangular shape for receiving a rectangular conduit. Though it is preferred, it is not
necessary to require that the heat trace section 52 be in direct contact with the conduit
13 as shown and described herein to achieve the purpose of heating the conduit 13.
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accordance with the teachings of the present disclosure; [0063]Figure
50 is an expl oded perspective view of the connector assenbly in
accordance with the teachings of the present disclosure; [0064]Fi gure
51 is a paMOi2808/3¢28pecti ve view of a fitting heater assanif2Q07/078278
constructed in accordance with the teachings of the present

di scl osure; [0065]Figure 52 is another partial perspective view of
the fitting heater assenbly constructed in accordance with the

teachi Wﬂérébfveﬁhﬁulﬂpl%sﬁeﬁ?éjbﬁ%é)ﬁﬁéteﬁrace sectionl ?@@ﬁ’éy bk WHSioyel lafouhd the
perspective view of an alternate enbodi ment of an “outer ‘casing havin
a snap Gigamierenan of s condist €3 rathenduor dsingte wech ashiBusteatediheggin ofSuc
LD ShBloth SRS hPSREH O Pt RoRSERS AL K A e
t he t eatitglogseof the present disclosure;

[00112] Referring to Figures 12 and 13, a heat trace section in accordance with
a second embodiment of the present disclosure is generally indicated by reference
numeral 100. The heat trace section 100 includes a plurality of conductors 110 in order
to facilitate a larger size conduit 13 and to provide the requisite power to heat the
conduit 13 and the fiuids therein. The conductors 110 extend outwardly from the
opposing ends 112 and 114 along the longitudinal axis of the heat trace section 100 for
electrical connection to a power source (not shown) and/or to an adjacent heat trace
section 100 or to a connector 54.

[00113] In the illustrative embodiment, seven panels 102 are shown to define a
tubular channel 106 for receiving a conduit 13 therein. Two panels 102 are not joined
along one of their longitudinal sides 104 to form a longitudinal slit 108 as shown. The
longitudinal slit 108 facilitates the mounting of the heat trace section 100 onto the
conduit 13. Since the heat trace section 100 is made of a flexible material, by deflecting
the two panels 102 outwardly that define the longitudinal slit 108, the heat trace section
100 can be secured over the conduit 13, similar to the heat trace section 52 as
previously described.

[00114] As previously stated, the heat trace section 100 of this embodiment is
particularly suitable for a conduit having a larger size. The number of panels 102 thus
depends on the size of the conduit 13 to be heated and is not limited to seven as shown
in the illustrative embodiment of Figures 12 and 13. [t should be understood that any
number of conductors 110 and corresponding panels 102 may be employed according
to the size and heating requirements of the conduit 13 while remaining within the scope
of the present disclosure.

[00115] Referring to Figure 14, a bussing adapter that functions to adapt the
multi-conductor embodiment of Figures 12 and 13 to a two-conductor connector 54 as
previously shown is illustrated and generally indicated by reference numeral 150. As
shown, the bussing adapter 150 is preferably in the form of a ring that is disposed
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[ 0068] Figure 55 is a side view of the cover engaged with the shell
menber in accordance with the teachings of the present disclosure;

[ 0069] Figure 56 is a perspective view of another formof a heat trace
assenbly cWASLHIEY i n accordance with the teachi ngs SCT{UFRFPEIBNL
di scl osure; [0070] Figure 57 is an end view of the heat trace
assenbly in accordance with the teachings of the present disclosure;
[0071] Figure 58 is a perspective view of the heat trace assenbly

|1 ust rgdnvBen B READIReSREABAYD0 Yndafe cdRHbAb! 88, ITAEKRIssING REpedrdatce
with the teachings of the present disclosure; [007%5 gure 59a is a
L2

per spedirefesably ewingulativeanaterialzans ineludes s pluraliier ele eonnecky slgments

accor danGe Mol bhdd§ B bAgSsIAL, praferBbisShtheonf! 958 dkets, to receive the
plurality of conductors 110 of the heat trace section 100. On the opposite side, the
bussing adapter 150 includes a pair of conductors 154 that extend from the body of the
bussing adapter 150 to engage with the electrical connector elements 74 (shown
dashed) of the connector 54. Inside the bussing adapter 150, the electrical connector
elements 74 are bussed (not shown) to each of the conductors 154 to provide for
electrical continuity.

[00116] Referring now to Figures 15 through 17, in accordance with a third
embodiment of the present disclosure, a heat trace junction for use with intersections or
joints of a conduit system 10 is provided and is generally indicated by reference
numeral 200. As shown, the heat trace junction 200 preferably defines a cross
configuration having a plurality of arms 204 extending from a base portion 202. Each of
the arms 204 have an engaging end 206 provided with a pair of conductors 208 for
connecting to an adjacent power source (not shown) or an adjacent heat trace section
or junction. Although only two conductors 208 are shown at the engaging ends 206, it
should be understoocd that a plurality of conductors, i.e. more than two, may be
employed according to specific power requirements while remaining within the scope of
the present disclosure. Additionally, the path of the conductors 208 may vary according
to specific heating requirements, and it should be understood that paths other than
those illustrated herein, e.g. tfraveling down one or two arms 204 rather than all four as
shown, should be construed as falling within the teachings and the scope of the present
disclosure.

[00117] The heat trace junction 200 can be formed into an appropriate shape
to be properly mounted to a junction of the conduit system 10. For example, the heat
trace junction 200 can be formed into an elbow shape 210 as shown in Figure 16 for
use with an elbow junction of the conduit system 10 (shown in Figure 1). Alternately, the
heat trace junction 200 can be formed into a T-shape 212 as shown in Figure 17 for use
with a T-junction (not shown) of the conduit system 10. As further shown, the

conductors 208 may comprise a variety of configurations as shown in Figures 16 and
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[0073] Figure 59b is a perspective view of another alternate form of
standoffs constructed in accordance with the teachings of the present
di scl osure; WD 2008/ 033927PCT/ US2007/ 078278 [0074] Figure 59c is a
per spect i VOISR anot her al ternate form of standof f FCAGHINHER2E

i n accordance with the teachings of the present disclosure;

[0075] Figure 60 is a perspective view of another formof a heat trace
assenbly utilizing a carrier and constructed in accordance with the

teachi ngs @ énhﬁ]gpbﬁstﬁatnéﬁ@%ﬂé&ﬂr@ctnﬁ@%@]ﬁh&tl@n@ @1l ah Sacidtepk Merdafbce
per spective R ew of heat trace assenb h'the carrier in

accordaﬁ@@HOD\PfFO@ﬁ@anS‘é@hl ngs of the present d| scl osur e;
[00118] Referring to Figures 18 through 21, a modular heat trace connector

assembly in accordance with a fourth embodiment of the present disclosure is generally
indicated by numeral 300. The modular heat trace connector assembly 300 comprises
a first heat trace section 302, a first termination structure 304, a second heat trace
section 306, and a second termination structure 308. Although the first heat trace
section 302 and the second heat trace section 306 are shown in Figures 18 through 21
to define a relatively flat shape, it should be understood that the respective heat trace
sections 302 and 306 can be of any geometrical shape such as the circular or cylindrical
shape previously illustrated. Accordingly, the flat shape should not be construed as
limiting the scope of the present disclosure.

[00119] The first heat trace section 302 and the second heat trace section 306
each have an abutting end 310 and 312 and a distal end 314 and 316. The termination
structures 304 and 308 are provided at the abutting ends 310 and 312 and have mating
features for being mechanically and electrically coupled together. More specifically, the
first termination structure 304 has an upper engaging portion 318 and a lower engaging
portion 320. The second termination structure 308 also has a corresponding upper
engaging portion 322 and a corresponding lower engaging portion 324. The upper
engaging portion 318 of the first termination structure 304 defines a pin configuration
while the upper engaging portion 322 of the second termination structure 308 defines a
socket configuration to facilitate the engagement between the upper engaging portions
318 and 322. In one preferred form, the upper engaging portion 318 of the first
termination structure 304 includes a pair of pins 326. The upper engaging portion 322
of the second termination structure 308 includes a corresponding pair of sockets 330 for
receiving the pins 326 therein, thus providing a mechanical and electrical connection.
Preferably, the termination structures 304 and 308 are made of a nickel material,
although other materials such as copper that provide sufficient electrical continuity may
also be employed while remaining within the scope of the present disclosure.

[00120] As further shown, the lower engaging portion 320 of the first
termination structure 304 includes a pair of extensions 332 from which the pins 326 of
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[0077] Figure 62a is an end view of an alternate formof a carrier
constructed in accordance with the teachings of the present

di scl osure; [0078] Figure 62b is an end view of another alternate form
of a carri¥O0288M88%Ucted i n accordance with the teachi R§I/BHRONAE27S
present disclosure; [0079] Figure 63 is a perspective view of an
alternate formof a heat trace section having a stripped end portion
and constructed in accordance with the teachings of the present

di sclo : | i ; r oV ' f ' |
ronber HSGP el T AU NE I35 S ALY OTHG RGP el Botion B4 o
i n accdhdsecendvarmindiigntsaichira o8 ¢tisa nelugee sepair af @densione 334 from which

L0081 ThgnBnfiRl g 2 SIS oK Hh pin o ba R BERGins 322
i || ust raatd 684 edambt reicevk thergio ree cosdudiar 886 ,of aherfgeah ttateard@@ndnd (06 fon
accor daquﬁric%ltcgn%irﬁllﬁtyt. eachi ngs of the present disclosure;

[00121] Though not shown in the drawings, the distal ends 314 and 316 of the
first heat trace section 302 and the second heat trace section 306 may optionally be
provided with termination structures 304 or 308 to be connected to additional sections of
heat traces or to a connector. Alternatively, the distal ends 314 and 316 may be
provided with suitable engaging means (not shown in the drawings) for being connected
to a power source (not shown).

[00122] Referring to Figure 22, an alternate connector for connecting heat
trace sections 340 and 342 is illustrated and generally indicated by reference numeral
344. The connector 344 generally defines a “U” configuration to connect the conductors
346 as shown. The flexible conductors 346 are turned upwards as shown in order to
engage the connector 344, which defines receiving holes {not shown} in one form of the
present disclosure. The connector 344 may be press-fit, bonded, or welded onto the
conductors 346 in accordance with techniques as known in the art. Accordingly, the
ends of heat trace section 340 and 342 having exposed conductors 346 are closer
together than the previously illustrated embodiment, thus improving the uniformity of
heat transfer along the heat trace sections.

[00123] The modular heat trace connector assembly 300 is thus configured to
position the pin and socket connection area away from the hot surface of the heat trace
sections 302 and 306 in order to reduce thermal fatigue of the pins and sockets in high
temperature applications.

[00124] Although the above-described modular heater assembly 50 has been
illustrated and detailed as having a construction similar to a conventional heat trace
cable, it should be understoed that other types of heater construction besides a heat
trace cable construction may also be employed while remaining within the scope of the
present disclosure. A heater type such as a polymer heater or a layered film heater,

among others, that is modular and can easily be replaced and repaired in a conduit
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[0082] Figure 66 is a perspective view of another alternate formof a
heat trace section having a stripped end portion and constructed in

accordance with the teachings of the present disclosure; [0083]Fi gure
67 is a peWvorewi33a7vi ew of an end shield secured to tHHRCIEY2P059287&nd
portion of the heat trace section in accordance with the teachi ngs of
the present disclosure; [0084] Figure 68 is a perspective view of a

term nating nmenber secured against the end shield in accordance with

the t ea@@té?ﬂ%s‘ﬂ’fvg e nﬁ’écﬁﬁé‘r%or%eﬁ%r@séﬁcﬁ other embO@RRINE 34" 8eRFibkE r?ereln

per spective vie he term nating nmenber secured to the stripped
end porshoold g cwaérueéals heirg witbodhe saope Of thetpresant giselasure.i cal

components [mz?quW?f%&%@D%/tH%yﬁ?gaé%bodiment of a z-directional heater in

accordance in the teachings of the present disclosure is illustrated and generally
indicated by reference numeral 350. The z-directional heater 350 comprises a pair of
conductors 352, each of which are elecirically connected to foil elements 354. A
conductive polymer material 356 is disposed between the foil elements 354 as shown,
and an insulating material 358 surrounds the entire assembly. The z-directional heater
350 is adapted for a moduiar construction as previously described, and with the addition
of the foil elements 354, the quality of the heat provided by the heater can be tailored to
specific application requirements. It should be understood that the shape and
configuration of the z-directional heater 350 is exemplary only and other shapes and
additional elements, such as those described herein, e.g., tubular shape, a ground
plane element, may also be employed while remaining within the scope of the present
disclosure. Moreover, elements 354 are not limited to a foil material, and in alternate
forms comprise a grid or screen material.

[00126] The z-directional heater 350 is preferably formed as a sheet of material
with multiple conductors 352 and corresponding foil elements 354. As such, any size of
z-directional heater 350 can be easily cut or removed from the sheet according to
specific application requirements. For example, multiple sections of conductors 352
and foil elements 354, e.g. more than one set of each, can be removed across a width
of the sheet, along with cutting the length of the conductors 352 and foil elements 354 to
the desired dimension(s).

[00127] Referring now to Figure 24, a thermal insulation jacket for a heat-
traced conduit, or a heated conduit (not shown), is generally indicated by reference
numeral 400. The thermal insulation jacket 400 preferably defines a tubular insulation
body 402, which has an outer wall 403 and an inner wall 404 defining a channel 406 for
receiving a heated conduit, which may be a heat-traced conduit as previously
described. The inner wall 404 defines a pocket 408 to house a conventional heat trace
cable, as previously described, that is placed along the length of a conduit. Aliernately,
the pocket 408 may take any number of shapes, such as an arcuate pocket 410 as
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therein, along with an end cap, in accordance with the teachi ngs of
the present disclosure; [0086] Figure 70 is an end view of an
alternate formof a heat trace section having nultiple dielectric
covers andWOcie®Bifed i n accordance with the teachi ngSPEHURPE/078278
present disclosure; [0087]Figure 71 is an end view of anot her
alternate formof a heat trace section having nultiple dielectric
covers and constructed in accordance with the teachings of the

presentg HBw?rFﬂani?hr% 124, @9§§&d:rhl%ﬂ§te7tﬁe'h%aﬁﬁa@é‘geé{ioﬁ"l")?és @ﬁb@ﬂx bRH BRLEbed

heat trace sect havi ng a reduced area and constructed in
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fiedd ngtha %tjggkea[ LHJO can be deformed and placed over a conduit rather than being slid
along the length of the conduit. Moreover, the thermal insulation jacket 400 in the
configurations as shown can serve to accurately position one or more heat trace
sections against the conduit for the purpose of controlling the heat losses to
atmosphere.

[00128] Referring to Figure 26, another form of a thermal insulation jacket for a
heated conduit is generally indicated by reference numeral 420. The thermal insulation
jacket 420 preferably defines a tubular insulation body 422 defining an outer wall 423
and an inner wali 425. The tubular insulation body 422 is formed with a plurality of air
chambers 424 extending longitudinally between the outer wall 423 and the inner wall
425 as shown. The air chambers 424 thus provide an area to improve the uniformity of
heat dissipation along the heat trace sections and to reduce heat losses through the
thermal insulation jacket 420.

[00129] Referring to Figure 27, another form of a thermal insulation jacket for
heated conduit and having air chambers is generally indicated by reference numeral
430. The thermal insulation jacket 430 preferably defines a tubular insulation body 432
having an outer wall 433 and an inner wall 435. As shown, the tubular insulation body
432 has a plurality of air pockets 434 formed into the inner wall 435 and arranged in a
somewhat random configuration along the longitudinal direction of the tubular insulation
body 432. Accordingly, the air pockets 434 reduce heat losses through the thermal
insulation jacket 430.

[00130] Referring to Figure 28, still another form of a thermal insulation jacket
for a heated conduit is generally indicated by reference numeral 440. The thermal
insulation jacket 440 defines a tubular insulation body 442, which has a longitudinal slit
444 defined by opposing longitudinal edges 446 and 448. The opposing longitudinal
edges 446 and 448 are spaced apart in a circumferential direction and are properly

spaced to allow for placement around a heated conduit. More specifically, the tubular
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adjacent fitting in accordance with the teachings of the present

di scl osure; [0091] Figure 75 is a perspective view of an
alternate formof an insulation jacket constructed in accordance with
t he teachi wW@20e8f033%32 present di scl osure; and [ OOFTTHISGON7H78288 | S
an end view of the insulation jacket in accordance with the teachings
of the present disclosure. [0093] Correspondi ng reference nuneral s

I ndi cate correspondi ng parts throughout the several views of the

drawi ngge %T b@@@ﬁgﬁlﬂ' é?c\jg rQRBA Fakrfp dé gv‘”sﬁ‘é?ﬁl@§%ﬂeﬁtéh%& bf foam,

merely exe ary ‘in na i'S not 1ntend e present
di scl osnaogrersp polyiraidednamar tags ssmong many others, such that the longitudinal edges

446 and 448 are deflected outwardly and are then biased against the heated conduit.

[00131] As further shown, one of the longitudinal edges 446 is provided with a
flap 452 for properly engaging the other one of the longitudinal edges 446 after the
thermal insulation jacket 440 is placed around the heated conduit. Using the flap 452 to
close the longitudinal slit 444 helps to reduce heat loss to the outside environment.
Preferably, the flap 452 is also made of a thermal insulation material to provide thermal
insulation. The flap 452 may be made of an adhesive tape, or provided with an
adhesive coating, or alternately may be Velcro® or a flap that includes mechanical
snaps, among other securing technigues, such that the flap 452 is secured to the other
one of the longitudinal edges 448 and along an outer surface of the tubular insulation
body 442.

[00132] In each of the thermal insulation jacket embodiments as described
herein, it is preferable that the jackets are extruded. Additionally, it should be
understood that any of the features, e.g., air chambers, pockets sized to the heat trace
section geometry, longitudinal slit, and flap, may be provided alone or in combination
with each other while remaining within the scope of the present disclosure. Moreover,
multiple pockets may be provided to facilitate multiple heat trace sections 52 while not
departing from the spirit and scope of the present disclosure.

[00133] Referring now to Figures 29-31, another form of a modular heater
system is illustrated and generally indicated by reference numeral 500. Generally, the
modular heater system 500 comprises a heat trace assembly 502 and a connector
assembly 504. Only one (1) heat trace assembly 502 and one (1) connector assembly
504 are shown for purposes of clarity, and it should be understood that the modular
heater system 500 can, and often does, include a plurality of either or both heat trace
assemblies 502 and connector assemblies 504, depending on the end application.

[00134] The heat trace assembly 502 is adapted for contacting and heating, for
example, a conduit 13 of the semiconductor processing system 10 as previously
described and shown in Figures 1 and 2. [t should be understood that the modular

heater system 500 can be applied to numercus end applications, and thus the
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[ 0095] The structure of a heater in accordance with the present

di sclosure is now described in greater detail. At the outset, it

shoul d be understood that the word "conduit" as used throughout this
speci f i cat WOrR0e8M3803des, without limtation, tubes, pip@ET/EHAWETRE
encl osed or partially enclosed nenbers for the transfer of fluids or
other materials such as powders or slurries. The materials carried by
the conduits described herein includes solids, |iquids, and gases and
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i nt endeatidpted fomcontaktinglasd Ihea’unga fori émrmje,l & @At oonneatorysesther com ponent

Accor di . _the teachi . th d I t )i

o S iaaet svStamocAadiie i et A HECion oo ONeb (o SPTLERS peagRy et
syst empfceCaidHitiies \@bglts cheNRtHEr e dvadcBhiinddites §ROBINE, doRAedtbRS ®Rbther
di scl osure. [ 0096] Referring to Figure 1, ‘a sem conduct or

pr oc es iofpanestsest the ta@eit SYSISEY: al &R CONMRGP 2RB9ETAY PIpO; RieYideR Soth heat to
heat ed Héséq okt 'a%tthéxtg R Sy bt FiBR0A AforR hadt AbYs 3 SheMBliGae
process too nd a heate nﬁ’ ine 14 that exte romthe process
t ool , temwrugrrmeat gmargl other fuﬁctumspamdasalb@sl i3 geaater daiail beJow. scr ubber .
Duri ng operﬁxéé 1 qﬁ)égigﬁ Rgg% E !gg?éé and the punpline 14 nust be
heat ed acco ﬁjght ng requirenmnents, which has
typically bﬁemnhamcommlshmhmd w}Ni RiburegaB2t amteS&ab'leesheiaB t&g:eslaemblsr 502
Figure 2. The heat trace c 16 are ac ed al t he

[ engt b GIMRTRES Gt ECEBoH0L BRI hESai2098 JHB LA 2l (menegeg riaess

the gagdqigne Gb%e@éllypﬂ@idsﬂ%tléﬁ HSidiB12 Bl assptédpe pRceMept BRIUNSEBES hdd
nmeans. Addi ti onal % insulation 20 is often placed around the heat

trace deaseeseclion 630y aod e esminating §n@r6b@rﬁe51d‘u@@i ranted, far smgagemenhwith
| nsul atypiy cj%-onéa? to¥RIseRlidrY5 V8 ARPER: |ﬁ§19'éf@r} faRetsnt TH@@%%PH%%&@OW&;
and secure | 'ace by

y Ssepar ate p1r eces ta e or ties aroun
gasl i né&1#2ale0 ppmcﬂﬂ fqnéhe_¢|ec[m9¢q>rm‘oéon$ hgtweﬁnﬁhgme@ttracaﬁactmn PHeand

t ,
P st e aabeRAe ieslds HrSefiby; o 85 BladdRir i630Ea. 0 v hBen anyadecant
t ypi calHegt tracé u;@eﬁorasmalandoé pbwsr somdaqhot sh@in). V\A@:ccdndiag[g, Baaidr wingel 646
o enmen AT sl e1e oy Brcihs Boi Hetigrd et a0ty Lo AmoseRgt Car) S
sem cortldél@érhﬂreatmglm&ﬂbemwm&ﬂrea%é theddl sdjadent efRitricAnadrinechiens.
surrounded ioa netal braid material 28 as shown for additional

functi onal i {§0HTdn Referingrie frighres dfed, e hersiTacgsestiornp19 kciletirated and
surroungs, tdggcd%gafn ?Fe%'té?‘ Ef?r'?;gé sPBwhO. tHPé ;%Fttrawes F’Gﬁ &1 defines, an

assenbly, er jac i's typical an rnsulating materi al
such aslengatest sbppastnidcincluoess] alineduipdriior| 220 aadl va Ipeinee’ erpasedhlanking

chet | RO B bR, SRk et hedl el Sotin 0 S M llen
portion 520 defines an inner surface 524 that encompasses an open channel 526 for
placement around, for example, the conduit 13 as previously illustrated and described in
Figures 5 and 6. The inner surface 524 is preferably complementary to an outer surface
of the conduit 13 to improve the heat transfer and the connection between the heat
trace section 510 and the conduit 13. The curved portion 520 preferably surrounds at
least half of the entire outer surface of the conduit 13 to provide more uniform heat
transfer and to allow for self-locking of the heat trace section 510 around the conduit 13
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termnal, which is often tinme consum ng and cunbersone. Additionally,
heat trace WD 2008/ 033927PCT/ US2007/078278 cables 16 are not as
capabl e as other heating systens in providing a relatively uniform
heat i ng propPi2pes/0g38hg the | ength of a conduit due to tRETVEAHWTOPB2HE ea
of coverage and the relatively crude neans by which they are secured
to the conduit. Heat trace cables 16 provide only casual contact with
the conduit due to their stiffness and difficulty in formng to the

; hagengé 'é%ﬁ@ﬁkf\éb]&_;es BQQg%WIf)Eklﬁ é‘s“ﬁ 2 AeibA sl B ﬁév:éuélﬁ"l%ﬂ@ted

ace assenb or use in em condu
pr ocesandgdmbemlqmmgw edg@saﬁaa(ﬁ@lrw tfhamd 8} esd ae@iﬂmﬁemtnobﬁesw@ed in

present, ﬂ %ﬂrﬁ%ﬂﬁ%iﬁﬁ ”Sk %ngﬁalﬁrggpg anehakd e sggt?o%aégg B¥o comprises

referen e raI race asseé conprls
heat trcamduetecst 528 s5&hdvan, wmnhafonmtlw amdh&gaéwmlya:IIcnetnallndtantheécrtUed

sem conduct or processin st 10. The no uI ar _heat trace enbly. .
30 =1 sgBHPr 8 Es: LT ED i Sk A hadehasre L (paey dbtail
secti orferéigafield for securi ng t he nodul ar heat trace assenbly 50 to

conmponents of the sem conductor processing system 10 as described in
greater det &W"@dl owmilar to thg prevews!yTaesaH 8@ "tqaéé@c§éiﬁci'@ﬁ%5gz(|:&uées 7

P ef er abidys | BB s BRI S B hrs AR bRy A AL HiRedboRiling e

portion palr o opposi ng I ng e ges 58 ext endil ng
| ongi t udifferant sizesotri euisidé penipheties of] fppexaroplesthe trcmﬁmm&eér hpdTaat drace

or ouna SRS B10°3e) BfertBly| BbiedlaRl ABEHsT LEPRB Phppo BUPE°TER N,
conpl eraebaiing tooa dvsiced kengthuof aqeariduldriszctiondticondil 13 Iafdfembfwthe heat
ot ot Shabees P oe T PRtRaan SancRi SeeS TG legethi ol Bres AL regeic,and
surfac Qe@!%céﬂﬂéntcﬂﬂﬁiwé cdr?dtﬁtosyéfé?ﬁ isdlen BBIRe %@mf&fn@ihbt%afpréde%gmb@ysfén@%
the heat trace section 52 to'the conduit 13 and to allow fo

sel f - | Askpigyiogslyt iHestrated andgescybed. Arconinglpuihe mﬁéuk@m@nsstfuqlsn@ the
the |ogid, agg@ﬁ?aé&rdi to thd %QJ:Q&HQS ﬁt@%\é@entw& c}s‘éﬁé?‘ﬁ é@c@g‘éﬁ'eéi%vely

are space art 1n a rect|on transverse to i nal axi s
of t he lowcosithqaten systens éradigieasily aslaptasipi tpoesamate, tao:ohdmt bystame t he

neat trace AOPEETSAs LIEE PR, HREnea ol REGRETEH bediagl RGpHESS -
trace seeficomiudive polph@@@dreaseommbedabbﬂw tiielsstrid tever G3RI nithedgasnot
2 o TS e M S e 0 i B
13. éﬂ@%ﬂzﬁﬂgﬂ' &0 Qk{dhGBARSr functlonélQﬁé@?ihlsA%sfptéMbﬁﬁly ﬁ‘é@ﬂfbecﬁ

pair o conductors 64 are provided within the heat trace section ,
prefer aPadwoaratbhgthe wéeleq:ifﬂmcagere@@?w preferably Honexiruged r\@tmth%@rnlconductwe

d A4-&% d f
conauct iy, oA ltl?’o AERRORBILE B38N43 Gﬁteﬁﬁﬁelgr ceg%ﬁgiiatew

conductor’s 4 are con ured r connection to a omer SO i
shown) ftbmeqoawmﬂp@dhfeaplaﬂem@ttan@Jrhieme seraicendectiveqrolBner gore 530 in a

conduct or adapted, as described in greater detail bel ow,
for coﬁ%@@??%ﬁlgp%%gﬁ] acent heat trace section 52 or to an adjacent
connect or 54001401 hmbnmgfeouélyumé atead trateF'sgctrcﬁs 530t beftnacsh a8plurdlity of
shoul d .be underst t ha e heat .trac 2 C ses e

Son cotRAlOGeH gt s Disiarabidn 16 FoTOLERS BEOGES Sl aiek Sy an

Sur r oungidrGuraee %ﬂ@d?@lﬁ@b!@lédﬂ% @&}éﬂm Mméllaéhln@eégé@yzzlpﬁ@ferabl ina
conprlse optlonal materials for a groun p ane and an outer jacke as

pr evi oWSrakiERslip &6, SToMes éovarpaeatiBtenar svifages5hi ef et insylliat leskelch12.
Wi th t R NRRtsAg GeferSBg ith 98 2%sHdn RUMRPSE s8LtidH 344 {oVa tip section 546 and

define passageways 548 befween the plurality of fins 540 and the insulation jacket 512.
When the heat trace section 510 is assembled within the insulation jacket 512 as shown
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[ 00103] The heat trace sections 52 are preferably prefornmed in sizes
corresponding to different sizes, or outside dianeters for exanple,
of the conduit 13. The heat trace sections 52 are al so capabl e of

bei ng cut WO 20&0§¥M7 according to a desired | ength for BEECTIE2007QTA2E
section of conduit 13. Preferably, the heat trace sections 52 are
provided in standard sizes and lengths for ease of repair and
replacenent within a conduit system such as the sem conduct or

Pr 0CesshNgabSiE hade éss%tg% r%wagl Mﬁuléhﬁ‘n rmctH 3 BPSlr" 4CEhSU,
of the gf‘er syst em accor to t e teachi ngs of e present

di scl Oﬁlucb thalché¢attlaseom ihel Iaeat\k@cy gastion o30 tadhe @utsssjeteewqmntucturmg
easily d. t

Fi guresoa%?ﬁt%olﬁ fﬁﬂﬁic@ﬂ&%%n?\ﬁlﬁ& o WI% hmérggégﬁssu? f:,gﬁdé fI?Q;QP f]bg/‘ft‘]etsofora
connect‘uchdadfe’ termperatark pn dhve patselcadt theassulation jatketh® opybsinge trenbisat

66 or 68 of the he trace se 52 to secureth het trac

Secti oS AR3BHIPN AP CER DorERIad D Siser NG PPRETREAT e MR Ips fegter
fittingyéfbrpbophe conduit system 10. Preferably, the connector 54 is
f or med to the shape of the fitting for ease of installation and
removal . Ad(in']‘UﬂaI[F ywhodldriei wedessioed that jayppepbeae ®ftfinsc 8¢8r ajang with

connect grerdi géc%mélecf&dh%ﬁ.bhiag ihe e 540 Btk Wl i BReficl bEGmBlgeS

of the eat trace section
connectsdnom mf baemployatywhiaremeisingowihindhe fasopa ajdhe lpresega gisaiasure.

5. | n T BT e O oo blieRE 0. Bidled Sf. B70; tuMh, BnGRARS' 86
WI t h  \WphpEops Qﬁﬁl?ﬁiﬂ%@f gﬁ%ﬁoﬂgﬁéﬁ&mt ﬂmalptewor carfaes Boadif nige grsotatien
e con

58 f i | |

of b ndadiet s detiling PoeSsQemave a4t el nake ar Pirioked sabt FP% a0RG
heat er ,pa8a6l8p8d Syl Mbr@d\%at&heldgé@rhétrlbﬁﬂ @Mfguranons 5068 @8lan™® or a Z
connector 54 may comprise one of | ur al Itqﬁlttqm orns_for electrical

connect®oiheaf@spsgetianahsspee, rath%tcteaﬁ drae onidet g Athgdayralsn ke
pr esenty QhSel PSR He’f‘neﬁmf'l{gr% frPTtAL SREYL | 6 Fkh@Upfeskht dibOBsure,  The

connector 4 conprises an Fnsulative material and 1 ncludes electrical
connectpassag ewvayst @487mach alisoaidlyvhe filad wite agriosiainggateriab secheas @ toam,

connect or_ el S. 74 a n j.n

adapt ed t%epPB’g@frg\?efqaﬁe é@ﬁggcﬁégﬂs lf%ﬂ{ E"ag1t Prﬁatéﬁélénfﬁ{gegltg%t?re c%wgg Hifas
connectikustratezimantis dédcrivay  herei aeftlief ogmainingnwéthre ties cseobet of dne present
al terngﬁe&}é may be crinped onto the conductors 64 as necessary.
Al t er n&$9 We. the electrical connector elements 74 may conprise a

squeeze CONNEFI4Z]. Rtétefrhhﬁl fowl &0 ¥8 7S af 38 StHeAlnsuimtidhsS RlcREE Bt is
or piercing connector at includes an electrical contact that is

noved wwsa’afqdeﬁn%u@%%eﬁnhﬁd Ro@r§PiRg desaib oisasowmelneohawiation saset 512
throug rét’é?ét{l/y ﬁHrrn ZQ'Bs[egrr\é‘tl@S 6 -afld 5520 Ui éﬂ&%r@?ér%lg% metrical
e mer ma ri

sem conduct po met a braid material. An ex
squeez eucbrth’m(ihersan@ ségraentreandek LsedUicd theassemblsd . insuidsn 2zt %lrid apd

d
Mmer o i, fle SRS BBOA 8575t RRIERAREAbEY BXA) balnEal S4na 552
blr evit t Wefi r}esczf @hatgé Vthat tis Ss:bmgﬂadb!bewuhdteeshemdtrad:eatseatlmarﬁttﬁ)t ¥s qfreviously
electrical .C nect.or (0] renunl W I N e
Sbone. SESPHSh ot 8 fempatmant dhs s eEan bd N rssar i 8o fiag 552
el ect r ifGahercMiBE RMRIYSSH etxtt#\dﬂtgeehgit@oaﬂtmgmﬁmas eéé@ranQ'h REORAIB 5536 and

across the connector 54, as indicated d line 75, may also

be enpladyidner wahahss whichypwyserarated ﬁlé%nor@oﬁﬁit nJhﬁwt@&Q%% 5t5ﬁd0r0wde
connecton, At HﬂH’égtg% réueéé’ sAbwA! Eﬁt{(e insrheSCRESS thé‘ﬂ@étqmeéecnon

whi | e remail ni h he scopé of present discl osure
[ 00 107]51Dntoatheeomnuﬂef emxrmoalmea:ih@mmng mper@mre is1further tra@madnné’mferabm the

conpri Shsulg %n' j%%k'etagté/ stoe& aIde\gI éﬁ‘d %Q%pﬁlsgé: Y 'sé:r"rili r[g|8 n&?ﬁ%gﬂ’ic material
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[00108] In a third formas shown in Figure 1lc, the connector 54
conprises an insulative material with the pre-forned heat trace
section 76 and not the electrical connector elenents 74. In this
form the WORGWWBHME 64 extend fromthe connector 54 asPCENGAMTARRETAr e
subsequently attached to another connector or terminal for electrical
connection to a power source (not shown). Alternately, the connector
54, in each of the fornms illustrated herein, may al so include a

di scret r n i
et o RO ST e L of B AEr TSRS 1 ton
mat er i gheketi2 mAproowyiseather izl 66 fofset bl foethtabove s toennection

i1 contVB et Ml biof iels ST HadM S her mat el
anong ot her 5[001¢B]dus$)as~&@r@hownﬁtlw ifleulefiort aekeiotRerichudeS4 hinge amel @tap
nore of the ex osed tElur aces adi(% the condujt 13 I%gr i.mproved

hont ¢ 1igRAe SUBALe: BPBRYaten ASKEnPA2 an b SRSl Bstakd om0 Fad Grgovse

ther malsrdAt @ief AES FBEETdctiSn 540, Deverd speeficAift eRR sogmEeNBSGt &id Bb2
and the heat trace section 52 to inprove or control heat transfer

whi | e reameRMiseRPRICERE eurvRs iRspB2 @ndt 4 pndfsiaceat sppesad locking tabs 566
[00110] Af 5681 GRLSb ARGl Erﬁag e%{?ﬂd %R ih%ir?aug't ! Orﬁf‘g%&%s%ﬁz’rﬁnﬁé@g?@'éﬁata@%f

is used tor connectin eat trace se g~ connect or
ot her fthat |usmiet|dm|]acckehrﬁdét| net bé tiserneckign tdtes GE6disafrst engagad twithin an

oo atiacay PR R0S04 Pk gk e Neblnnid 580 &R s e eyt 2

afcr 0SS Ibﬂi@tlﬁmms o0 .of Hhe msalmld)re Jaamfsﬁzeahﬂlr L3473 mpp?sengll?ukmgal%t; 588
exa SCr S, | n e e

Secur o Piegors Bnlanapd GerIne Balkwant suskad 116 566 oAb sHeD. toerestia i Bkt B2

rTEChan'|§@bs@ BIRNES oﬁﬁythg%egff%éé/ §6bt10ﬁ‘531@ \i?ﬂ?no%ﬂt ﬂ?é R EOSERHR @HHRional parts or
features, while remaining within the sco present discl osure.

[00111]har@wgrfeouTa remeye enasléathmmckahﬁﬁ) thﬁetmea@gmera@eﬂ)eamtﬂ Sh2zre
s descsrlr‘ngl?qoie[f?% %Bglét' fratiof kel e!? RQO\Pﬁ%‘ésﬂwecHﬁc\‘cﬁ r 8% rﬁ 2R 1P jockiig

heat tracé’sec IS no e an guration
as il | usb rr&Bedis¢rayagen fro'ﬁméeheleartveﬁrlwcéﬁdseétccmlrm’ dbé u’nm:laﬂonaagzkeirﬁéjr?els

as |lon i.t, can be oper,l to. th n h
o ovi drEEOY oB rESiBHaTY YeBuRa °dekBis JReREPhelet plcind citmbion
S oual, e ir@”a@"?‘éf‘?gﬁwefﬁ.ms ﬁoﬁ”é“b??iﬁ""”?%ai“é“??m?‘“ﬁ@% oo bt
Trouan et | APLE LN 3R aferndts GG chen Gl e Sedritta B0 Hh s L s prably
and de
SRS (350 binopslinanss B0e RelipaRetil ningst: lg&“ éi“ﬁéiﬁ&‘*‘;?ﬁ%"e

hea’a t rTé@er@@$$¢%ﬁU1§2 SNH?C%% 58fRcepenaatr ﬁtﬂp@h@f '@Dﬁ&ﬁﬁ‘ derly cneostripH
condui n

tig ﬂéS‘é |§'Gr‘ld1 E)e ungler%su? spbﬁgSntgftM lﬁl"r’ he\ﬂ?é’%d RbRAI ms@‘éﬁ&n and

varlatlons oul eacnl ngs and scope
of the fpntreaereau:um theltwemegments 550 pod £52 togrdthier rﬁm@rawyﬂhgdamSaz raarrm

the or SoBpBEREEH el aREF BOPBYE ot belishoR 5y B PERRAREH Shoud

100. Tht% d]k&ﬁrstbbd@[&atstﬁétllhmn'ah@ﬂ anﬂcdes@ﬁsn@n ot tapal i taxeniplarg ehiye biod Sther
110 in order to cilit si ze c nduit 13 anqaéo rovi de .
i

A
the red&FYiiS 'B Pre 8U eﬁs t\)ﬁgr on8UPP9 1%t %l A% 3P P¥§H while

The COWQM%‘%@W&I%Q tﬁé&@dﬁb @th@Hexmarsemsme opposi ng ends 112 and
114 along the longitudinal axis heat trace section 100 for

el ectrical (OHHSEt iRptetragdogogwe %TOlﬂfd%BS(t 9oe SHbeveRgReaIsesegBeahoo2 as
ad aCe%PWS]S{fléﬁr[e?cc%niﬁn%%%’ot&%fferﬁ@d?rﬁi? ﬁ%‘?ﬁg@é eﬁé p |ons ?é@%}%ﬂig’f})%

In the at1ve i ment,” seven pane i he
a t ubulTdese rmmse5841%c®mmodab@ ifeatagesaot thved merrnlnﬁlrtgh B'reemtrers Taigt phoveh Sin

102 21 ¢ 800 H9NS LIRS 8R! allhba i PRlddehg, o des 104 o form
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[00115] Referring to Figure 14, a bussing adapter that functions to
adapt the nulti-conductor enbodi nent of Figures 12 and 13 to a

t wo- conduct or connector 54 as previously shown is illustrated and
general | y WOR0esB37 by ref erence nuneral 150. As shown,PQTAES2MTH38278)
adapter 150 is preferably in the formof a ring that is disposed WO
2008/ 033927PCT/ US2007/ 078278 between the heat trace section 100 and
t he connector 54. The bussing adapter 150 is preferably an insul ative
mat eri al u okge tad C ;
152" (shown du RG] RErRIE & HblibsTsamafif 40, e SAIRAIEL iorhEr o4, s
recei veadaméeqafanca)nneqtlcmf toctbadheet vase ’fsﬁotl@"f 510 éantealsotthadsutationi jaeket 52

conduct SR Bk ISar s oh R S303RA e Rte bR R PRl s

t 0 engayks and bisd Eetscheatstrainadelieidionthet lead eliresd1ts The drahmmmmedé thafs

t he connect or 54 n5|de th Si apter . 15 t he el

o ot aanedt olaamient Winib i $AEsSL RS ey ugnisee! Big'es Breviously
conductifisiralét ah@ deEebete i\@rfurﬁheﬁcéﬁow\ma'théeﬁib'o@émbb{t 590 comth@slé&gbcent
Referring now to Flégures 15 through 17, in accordance with a third

embodi fands §P2tand BP4swhichderecsenraiaied By Redioove £96, th%elnotnef@fpomgé%
Wi th i ;B fﬁ@&?é gﬁb‘feaﬁcl%éﬁﬂo% BEtweRCRMEl Mo %é(a%t We%ﬁﬁf tﬁéto&‘—:‘?r‘é%g RRgigh
y in shown, The heat

iS genéra i cated by reference nuneral 200
trace jpasstgewaZdner shewapliy thef adigsent darcss 502 nand)a%t.i oRrafarabhy the

A e R e R L S TR
208 fortemnaam ingmber 84 adj prefentblp cave insttatingem@tetal suehngs @olyamer or a
adj ace e section o junction. Although only two conductors

tra
208 ar3“§’ ragr M&@r@cﬁﬁﬂ'@%nds 206, it shoul d be understood that

a plurality[06149QndHCEHHRE Fornl of théTPr&sen alisdddure, e &@mﬁfﬂﬁhg)’rﬂémber 514
according to specific power requirements while remainin W|t in the

scope dPoMRiisepecAFingbedy BaQprd apemdtsaprRid Phat isrecgerchioghetheesing body
duct
o\ R, SRR UELRBEUR AP ELA TR PRy o

and it sho er st oo S ot than t _
her ei n,the hgusinghoslyi Gl Hetvhousas @Iechrmel convmecthel asidaseribedan greatef datail

Scope. oo Motk ShebfiRaly it di Rereketianty) Pidletd %L ERC e 8o b '3
juncti mnﬂﬁ&esaﬂmbentf amme 04 rdral 806 ahaplr ivpludet leclihg Extd¢rsidrs 0® eadl §10,
nmounted to Hunc%{ on of  t h condui t

system 10. For, exanple, the h
[ ace. BRRGEHY b S PPRIORES Mo hn Comsspatiag Seohading, Bry Bib
Fi gur e cbngriees lg%b\)@stEhI 298hcEb POt lé@@érhﬁﬁ)dﬁfe theeesinesttarinsset gna 506 and
(shown in Figure 1). Alternatel é@,hlngrex eat trace junction 200 can be

f or med 4 fgce &4 6thatigsagaacd by the panginns 608 ang 61 eARithe egd cap 602
T-J unctd gy 6%tt9%21%%|}19 n%'h%oC%%uﬁ tr%'%rsﬁlghﬂgrr?s&éci Uhi 286 p?BQr‘é‘Eswely

t he COI’ldUCt ors rise a varil et conri gur ations as
in Fi gslide alerathe gmmeo@vmae@mmmwseQthmm #nd 60 enelidefediad

Sect | o ubraRl SREHR lebfigh bidrbsi QB 4k o A BRGRLes 1RRS () Bebyes 012

t hroughandl 514, timsluesitiedteatms r 60 @GOGt defleas Seavhl inwandigcaod ctaacbcking

'l c PPN AU 10 Bbenaags HeaRres | hebenoUE o HHNEED0p Saelbrne pnd

300 comgpi e@zs t@ ther ﬁéushf%tbobpa@@ Se&liﬁd@]@h:%% reilfeht Satrmtseem wdl 806 are
structure 304, a second heat trace section 306, and a sec

t er mi naltusyatest ang fesaibed@s engasBeghetexierior 0% theneeitsing a@@-y ﬁ%tlt ghpuwdpe
and th SFs‘P&?H ?ﬁ?tthéF %nfgg@ésgggrggy%t&@% p%s Irﬂsﬁf" tﬁ{rn?é%?

21 to |nea ative eun oodt
the r es;ﬁ#cﬁ hossitgebodyt 8GR ehie cdmangg3dthiatice Qﬂ@ecﬁrﬁw&aprwéniahgclosure
geonetrical shape such as the circular or cylindrical shape
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[00119] The first heat trace section 302 and the second heat trace
section 306 each have an abutting end 310 and 312 and a distal end
314 and 316. The term nation structures 304 and 308 are provided at

t he abutti W@ 2008839210 and 312 and have mating feat ur es HGQYUSZU7AEE278
mechani cal ly and electrically coupled together. Mre specifically,
the first termnation structure 304 has an upper engagi ng portion 318
and a | ower engaging portion 320. The second term nation structure
308 al so ha rr [
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upper wgqmm.@@éga@ntrﬁﬁowmg l&ea;«:e@enférthef abmaﬁsémv@né lagmre 898 that
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WO 2008/ 033927PCT/ US2007/ 078278 system usi ng the nodul ar connectors
and ot her enbodi ments as descri bed herein should be construed as
being within the scope of the present disclosure. [00125] W th
ref erence WO 2083398723, an enbodi nent of a z-directi ondCTHBAWEN7827B
accordance in the teachings of the present disclosure is illustrated
and general ly indicated by reference numeral 350. The z-directional
heat er 350 corrprl ses a pair of conductors 352, each of which are

el ectri tliaéwa @&ﬁ@%eg el‘tfah'béﬂvegﬁr}p tra%eceét%ﬁtswaﬂelt}ﬁ@eesutsuge
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specific i cati on requirenents, |t shoul e understood .t hat t
e TRty oo gl G55 K60t Be o PP Bre Rn S e et
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heat -t r aced [0®188)i tReferrimgevionustoy Rigwesi B840, Thfe i sumeectonl bsgbdbly 504

defi nes a pocket 4 vent i onal ce cable

vl oo yTes & sy OC niliey Brle BRIk aRE 2 by of Sl MamesiniCf and
Al t er natrl Yrhd dielinaskBersA amy70aKe Srateral ércﬂéngémgucrsmehtre? A8
arcuat e pocket 410 as WD 20081033927PCT1US20071078278 shown i_n

Fi gur e Ussd Tobbalhichemiper oriinn R Of theashels €00 apd the Iauersprylipn 494 of the
descri %@Il%b%snshmo"r@ 91'e¥ thé@‘ﬁﬁﬁ 'ﬁ?rﬁﬁbélfs ?d?e M?b@tdeﬂlqg oufer rims 710

designed to mrror or co ormtot pe of heat trace secti on,
what eveandth‘ez redpgrtivelygmhebain theldimsi Hakbnhg, 71t2he"etmmecl farrpatementrover

b1 co 0 Rea K0P BRI 0 S rEBRICSY, dPePl Al Sl hd 742 bl
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the congyért rlranHG Be wmeasa?omd RNl meRBek 20N @Al 7*025$&9®ebﬁve!y, whlch
at nosphere. [00128] Referring to Figure 26, another faorm of
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[00130] Referring to Figure 28, still another formof a thernmal
insul ation jacket for a heated conduit is generally indicated by
reference nuneral 440. The thermal insulation jacket 440 defines a
t ubul ar i n¥W@2808/638P2Hbody 442, which has a | ongitudi nal SRGTUS2807/078278
defined by opposing | ongitudinal edges 446 and 448. The opposi ng

| ongi tudi nal edges 446 and 448 are spaced apart in a circunferenti al
direction and are properly spaced to allow for placenent around a
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f eat ures, .g., air chanmbers, pockets sized to the heat trace section
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combi naf,0ge W :t%céﬁ}grggﬂgrfoﬁ@éd hé%”?é:c‘ﬂé h@iHet {?a%é‘ﬁss?%%g ggé t he

present” di scl osur ets ma rovi
facilitate 00156} Ahdather rsaownsélftﬁt Bhﬁibn@mbﬂm |7@4noclud@@ddttlpng lfelta)l’liﬂg

t he Spl C t.h I s .
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syst emwallsi r?mﬁfrﬁbedh%hﬁmhﬂ@samz/ |Acbcﬁa|”n§l§' ltle riefibieraips M4feand the
500. Genera t he nodul ar heater system 500 conpy.i se eat tra

S SSenbIapeanEs A7 MoudR e SEOUE A SHEN DesepnHUPQeD) SRELamiacs 702
assenblandSa. anddiassallyl thes SHOEGERTbeS 362 RbINPPOS ot WAIOERehSIbns 746 that
pur poses of clarity, and it shoul d be understood that the podul ar

heat er e5\g8ge RONESPRRGING AWErowalL Feeesses THROfLME shed) meabes, 784 asi ghan.
bot
or Dbo 'hd%%?&lngﬁ %’%gnﬁﬁapg’?h IS RerRhs U ﬁﬁ’cﬁ‘ggéi%@ire%@% O@Sr Mﬂ recesses

dependi ng on I cation. at tra
assenblAt8500vide bwtrapligrinénirof dan slelt mambersl 762 and 7G4 fObasmm‘ml i addition

condui t t 1 C uct,0 r. i io y.
descri tedeel At Bg UebBeeP IRGE Y & BhFAVER SRuBIEY oo loper
t he noduérabeReRiEang Y64 et phéfecsbly B irfuHtivednbierialamd ates pl@!f@l'ably moided
appl i cz%ti ons aﬁnd thus the WO 2008/ 033927PCT/ US2007/ 0? X
rom a higher temperature malerial such as a thermoplastic po ymer However, it
should be understood that other materials and processing methods may be employed
while remaining within the scope of the present disclosure.
[00157] Disposed inside the shell 700 are additional componenis of the
connector assembly 504, including a fitting heater assembly 750, which is best shown in

Figures 50-52. The fitting heater assembly 750 comprises a fitting adapter 752, a heat
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sem conduct or processing system 10 as illustrated and descri bed
herein is nmerely exenplary. Accordingly, these end applications are
hereinafter referred to as "target systens" for the nodul ar heater
syst em 500WORkes/B¥ahect or assenbly 504 is al so adapt ed HAUSEHIOAZTS ng
and heating, for exanple, a joint, connector, or other conponent of
the target system Additionally, the connector assenbly 504 secures
adj acent heat trace assemblies 502 to each other and accommpdates the
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i gures eat trac ection e, prefer .
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WO 2008/ 033927PCT/ US2007/ 078278 in Figure 36, these passageways 548
provide insulation, in the formof air as shown, such that heat |oss
fromthe heat trace section 510 to the outside environnment during
operati on WO 200837 reduced. Additionally, the inprovaCW¥RHM787828N
effect provides for a "touch-safe" tenperature on the outside of the
i nsul ation jacket 512 such that the heat trace assenbly 502 can be
contacted by a user during operation of the nodul ar heater system

500. cificARL 4d %éln eyl drbRisuo4e |Bfquﬁclh’eg%oﬁﬂyt él&gﬁ}fﬁoﬁlfa Bb§§7

540, alsé)r? Wt d| nt geo trlca contigurations o e fins
ot her ttmilrn of ehicnpeg prejergbbynistagyallysfosmednyithning dgee nmlogci@B\thh@ﬂeXIble

F
Choan | RERES TBRUNE 1208 Al doMio Rl FEF s HARlen BTl 1Y 1BAETISE A%
to plr ov?f&:ﬂeasasﬁ?(wml g’ ‘fualcén smlm\nag@l ok ?tSHas rfan’tmerd tmgc;l%gmrdmoppﬁlﬁshﬁg bbsd 75,
n at1aon | acket resultln n S t _have, an
o oD SIES BreTarbM Bt e B B S R UeaE. o hatinteTbre 786
geonet risEain Cdé%ﬁb@}”s%i’s@ﬂérrﬁé@"h e @bpoﬁng%’os@ 786, WIREN tdedines an mternal
cross-sectional shape, rather than or in ad dition to the fins

may al shopldes g7 WW%asr@daeﬁﬁ.the tRpefpd ANt PORIONS I8BENSATE Hee b@r@s@ﬁo‘r’
di scl osyy gpnddi ﬁg ?55‘@0@5{0\%} %é“ﬂ%ﬁlﬂé Eﬁcr{és' Y86 dhb& |ﬁﬂ/ﬁrdly
i nsul atl ng nmat SUC asS a oam Or a yim oam anong ot her

for s déwamisezdchl cﬁheraswcérthahme f&nﬂiie}atn@esﬂ&o and ihid tapered end aadions 782

di scl osthereversd iifonsyl BFEA 0P hhy b i EERE Rl AR 288 Myt he

Id nsul ?toountejrmbewei?]iﬁe!f@xidllé lstthed QGOaiufl!Segtz)bade?OMdB&@ andghedtamsverse
et ai | u a | r era CO 1

() L ey 208 Shoage et Dol SiPulE S isnts s Rty LrS R Tobrigrer
the sang §é‘}§ﬁ?§@th@%0®dtéﬁ éﬁbzﬁg%f 75@%@%&% ﬁﬂcﬂé@sm@bf@ﬂeﬂ@ﬁg@tn@a}y

and as such, the segments 550 and 552 are interchangeabl e

segrrentth@yghéh@ cesetedéqrp $ untd Hag &rapRearse §af<‘ﬁ$n¥ﬁa’i rlepe the mﬁerf‘ﬁbsm%ﬂer
trace sgat bﬁ{i Itﬁé@m&%u %\ébﬁ@%'ﬁs]eﬁgga?gh'eh% pu||§§ Oa Cg ggbwgme{]gﬁderstood

enbodi ment ustr at e her ei'n egnent’s
conpr i dkatdhisntmenectigrdevice mjexegnplewgmmlm @ind atmul:yoﬂhet GRRTECHNG slgviees verd the

chanberutsiifds, 138’ mad piad Hsh erPISRCRALE rEfle Mg VABHL s, 380 4l e

t hat hqﬁesdrmsiisddsomthe heat trace section 510 to the outside

envi ronnent .09 eration is furthe duced, f er abl t he
Choul ot on TORIAAT ST B0 B FbeR P D ohatio5e e, cOBRcipt gfeembly
pol yrmergoa sy sikbde prd@dad Ydh0B 85\vef ROD/ itihe @BANENRA IS irb & BIba% configuration

pol ycarbonate in one formof the present disclosure. Alternately, the
i nsul atdScoMacKen a5 1-EoRfgUration (1 hewRsrwheieBranadiaceiheas trapp saseshly

forth apoue and%BEQ%FH Sk %%%ﬁﬂ?c@ﬁﬁ% j‘éfﬁ@@ . h@é&ﬁﬁg\kﬁ’ﬂnet gover

j ackets shown rn Figures 24 er s
i nsul at&0fnprodicketadsiit@niah dielebitic acpanatjien detivesrafhef &itingrreatercéssemily 7h6

o hogBing 3ihe iR iR slsh kil 0a WA-80E o FABY Betgbiaire
PRyl oy o e
al ong D PHEE LAl R A BT st Wal 5o 1B Rl ine bars i herepeiuedn o
the | OQeridftﬂiohaF&p'é@@s'eﬁwcf e ldi@BaAg edolgtibii NTIRE RFbAGDIO flﬁtﬂi’ev%rﬁpr%es
562, and then two segnments 550 and 552 are rotated about a
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[ 00145] Referring to Figure 37, at |east one of the segnents, segnent
552 as shown, further conprises slots 584 forned proxi mate the end
portions 586 and 588. These slots 584 accommbdate features of the
term nat i nyOr28MI8BR7514 shown in Figures 32 and 33, whiR/ER28079%%78
described in greater detail. WD 2008/ 033927PCT/ US2007/078278

[00146] Referring to Figures 39 and 40, the term nating nenber 514 is
adapted for connection to the heat trace section 510 (and al so the

i nsul ati i i that;
ot acaftetisgeitit artP AR iNedRifHin iKY fRRREL BFfheAniBEP 365y 3atdhdlit
relief Vasiousoompsments wilsvady Gepdndng winobencamnesy emptayed veithin ithg tasget
for pl t i thj he t he i | ation. i

el o SR it ERafole! T e abatitalhsdeifoy BabiErt SiahRH} pitamiht over
enboss @Tgtj%ﬁﬁmnmmrbsgg/g@%mmy of a\ﬁdsa QQQaMtKSigc‘gﬂﬂonemguw as e pump, by
separ at e a rooye , reln e roove raqvlides a

o oy OLele: ME it Rt A hicnaio a3ty 40" Gipmnents would
t hr oughpdagisagavesrdimly. TReworel the §Racid of ﬁg%nfﬁé?ttoﬁggséﬁlﬂiy 540

Pr ef er abl e enmbossnent 590 is integrally Torned w

, th
t er m nady angtFﬁiﬁ%é‘ﬂd gipgcribgdihensin shauld Aat bagongrss-aslimiting the seereef fre

an ins i : pal such as polyner or a fluoropolynmer, by way of
exanpl ?égém%i%i%ﬂ In one formof the present disclosure, the
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end portions as shown. Correspondingly, the housing body 600
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600. Algiraa 4 hegH emiddiat mateiBl By BEGpplied debvddr thel EGHERM fB1GNd the

descri bed as engagi ng the exterior of the housing body 600, it should
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further conprises walls 627 and 628 that extend rearwardly fromthe
face 6ESseRRlyciRpeeeplvincusegiehest race sealiondid2 susrounded dlyean fnselation
connecti t - : t [ 52‘% ;
posi ti éél&%? 8%{11,63I?rﬁ@ﬁ)&ﬁél@%%%ﬁﬁa&ﬁ%%&gégﬁiae ectn?]fggﬁgé%%en@?%%ga r ewous[y
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WD 2008/ 033927PCTM52007/ 078278 additional dielectric separation

bet ween the heat trace section 510 and the outside environnent. The
fins 540 of the heat trace section 510 are then nested within the
sl ots 662 WO 89A##P2and abut the face 616 of the ternm nRGIPPAIRRHETS
514 in the fully assenbled condition. To further facilitate such
nesting, the outer extensions 660 preferably conprise angled faces
664 as shown to provide nore intimate contact between the outer

ext ensi pag KB4h&ndat tlf‘é‘céf béb“t[oﬁ"é%z as preV|c{u9@/]1ms]traT&FaH@Hﬁéé}ibe'aoqé(s 8R&wn,

further conprises a profil i nner extensron 670 that defines an
ar cuat ethamémdqfﬁsr&%oaresmf%rﬁblyl iBwviee ferse of dins, Bruevendit sheuldThee understood

heat 1k OBEE 0B EDRS T ChERPAGRS AT Sl AEpogl WA porlla Wi the

secti orscﬁjb@ mfotmhprelsenhﬁmtasu@ nexabeples bi whitle goe afdsbebd imereater detail

extensi0 al so func rovid nal di el ect

Sopar T TG SEnas hed et Bl sAdok: GO pr ulerEAiacE A28 of the
ar cuat ensulgssn jaekét 32% 672 (stetibm efodmbRPeEidideifio Tovere830 Piat EuPsuRds the
t hi cker portion at the face 616 to a thinner end portion 678 as

shown. SERECPMIUGHYP F&Mnﬁbﬁpf%@3679f e heeh clrage éﬁ@@%&@?eﬂh%@?}én\fﬁwmg
of the M%gé%?ﬁS??%‘hﬂébé% RdiskiBR Aé(g{ { Ngrat AR R ABSY radd section 822.

Addi tional 'y, ower sections 674 76 are configured to engage
out er dtreferglely, e disiel entpopiom &3¢ oh thenstapdoriss 226 Bosivephynicahsostast yvith
504 j Ei -

2ssenbl e 455" Fas el 524 o 8t ofle RidtehS 428 el PEABPBAGE Sl heat

pl ur al |ttaceoéec$[beI8|22mmtmmtlse 32 ztiod ja€ket 8PHe Aheslidh, rrber‘@esmoﬁ%dashiapé&;f

are pr tercha le s the are

ioper dOF T sbbaRORRGLE Y fe STy HanSRradboiis b e ghgpe ahgior
shel | gk éfsthe fh@mraaé)g@dtubﬁ 1822t Wﬁlcﬁ hﬁéﬁ b&Bie rtﬁen?él?cuea?%s?%t@ﬁd Ré&rein.
outer rinms 710 and 712, espect erein the rins 710 and 712

are adapt ed [@Qﬂrﬁ-ﬁll d@eﬁ%ilorb\ﬁgrth?h%taﬁg‘aﬁs t§28¢ dhasiBawalign SacKel 824 dyither
in Fi gWepn3fes thaRBerd BB6 ?H’.-.Qte@g‘%_dmc% Rﬂ&Hélﬁﬁbﬁ%ch'é?ﬂéuteF tI)\Fa'il"@l‘-iB and an

i solation and reduce the |lin t I nt onnections wth
t he nodomesr wale 848 whioht ang mrated bm@mr@mm &5t Héei ppord 42 arreafqrmed

upper r r
D0 e Blojd, BB e elndons akOad ol A A U sddliorS 644, AR RRARrs
anot her82te atayt baclecalss{embbgpﬁ@% I&Sativharadrgund the uippaation facked &34d whie
lower rim716 pr.ovide additi | ther i solati on and redugce the

el oirepgiito WY fie. SEcne LR mosa st Rs L o P apUSIE CERefibS dye
for i nuhawedraess pedvids insuldBor ORdhe 3397 OPET 4dS8HYM, Q18R (Bat heat loss from
[00154] The shel| nenbers 702 and 704 al so conprise an outer wall 720
and an hg,{@at FACE sedionr@a? &R fheOutside @Pé@owﬂfnts@ﬁéﬂ%%ﬁra@?ns'ﬁp’ﬁgP@%d
726.  Theyfirall efe c,ggmﬁﬁé?y igae Adht { ”iéade”@éﬂn%bg%?%af %Hé"seE 822

| osses tO t he out si envi ronnent an SO provi or a touch-safe
t enper @ndr thepinauaiioax jaskeloB28f beheearhdhe swuﬁoffsh&@hmay pentiads with2an

and 70‘}nédaaet?1%“rﬂé?énaf38@&?{ bS8 rﬂ'd%rafl‘ﬂehiar\ge@fa By &hs’%‘f‘ﬂy hiMiEig R r%w%ﬁsly

shown ne - vari ous caV| |es for purposes ofr’insu -
di el ectdeiscrilsepar ati on, and touch-safe tenperatures. Accordlngly

t hese additi I d Vi as, sh re _not described in .
reater et 100 Hrelr 5. HR ins BB et HA s gred 23 e pnitary
Addi ti gigdd, Wet Félﬁaiﬁbﬂ‘lelxibﬁ@ﬂb@fo%rZQ%eam@taﬂ@é S OURS trfeeh@atmg@:eebmntgzz
730 and flexible tabs 732 that engage detents 734 as shown.

t he uppiCopnaly.offe7ipguiahen daeket rccmrarﬂsietsna Teducdarest ﬁﬁ%ﬁh@t @b@wed
the hi fbg)‘ﬁgg'tee ﬁgf&t §52 3R a%é@ﬁz@?aﬁ I8 | bh%eFegﬁEeJ %?e§§§@$§%f@1% Wrr‘ﬁﬁ@

portion outer rins engage t etents ose at t
end porthioogk athickes walheectisun 856 rqfrthe msulaten @ckelt 824 ahdl cliefpn@staronster

706 an?egeos% ééﬁqeat web portﬁo%f gé(? ar% ri]nene?lftegerssréé? ﬁg rg(:rl]Lgce?jlazregrS%O thus
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[ 00156] As further shown, the shell nenbers 704 include additional
retaining features such as flexible tabs 740 that engage openi ngs 742
formed through the inner walls 722 of the shell nenbers 702.

Accor di ngl WO 200f03892éxi bl e tabs 740 and t he openi ngs 742034878378
nore secure connection between adjacent shell nmenbers 702 and 704.
Additionally, the shell nenbers 702 conprise outer wall extensions
746 that engage corresponding outer wall recesses 748 of the shel

menber syivigds ¥e mmlonﬁﬁé:@t @ongh% a tf|P'§i ﬁf‘ernt ‘8%5' ar?(;é %@E ge rﬂ@n@?ﬁb

t he correspondln oute recesses prOV| th a i gnnent o
t he shelhe rmrﬂa@as jaket 824 lwmferablyaemrfm a isemédgidt padymerdc maéariahl such

shoi | rsaR et BEAER ors RES <oP I, abflps RNAE H AR kb 330, 3R mpre
are pr edpeciichly el viespbitiomsa0 hprohiees aetiving atnge? soett Bt Hle frsicdegasera 864

t her nopl i c_pol er oul under st.ood- t hat

e | AN eGSRt ceaam B s ot D et o Bt Gep ot ringe frt
Wit hi n ddyeneit @B P thEebbRE S8 m et BEBQFE retated towarcﬂ@&i&z&ot%rs BesReking
inside the shell 700 are additional conponents of the connect or

assenb| o 5tp4, engraasdiheglin 852t 2% ﬁbo‘N@dﬂ é?rdﬁ"sécéﬁﬁpl}"GY@G ingppteN jackee §£4

shown i S T t g h e Vi ; Y] ;
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si ze an h\ enin 7ﬁ@€as il I ted and descri bed herein
is rreré’f’ eerﬁ '59%’ EW&EEI'T’BW?%IO 96%3% Hﬁe as liniting the scope
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whi ch dtendafiseare iy siiateshand aeaerely inglicied py reference meneral Bafée AseRiavh
754 as tﬁ@;?ﬁ@ghatg{snei@ﬁégﬂfé’ 87b N&tdrd ErQfnRraia d ﬁ1ea|n§9| id KBt 824

mat eri a m num however, other nw er al s nmay a e use
whi | e rether thamlongitidinalyhes pravinuslyfilusieater ead teseibss, asdta@ such take the

dasheaorh o5 bR M TERERR Sfuchie B pseHtBirdissiks Tk S2REYES 70
inti matraay:05tcmn1tinmdshat1dhevadympenéd fastghiong of Fighee 58a,0@t disgettinovus and

00159] ,Pref bl th t 756 d d
o IS Shaa S SBirih FiGtre b BY aiey SIS siOnd B lahbb Hhupe

wal |'s Hﬂﬁnétm jaeRet sl IA%!dﬁ.Baanmhe @ﬁncbﬁswmdmlaysoewﬂd’ﬁé@nﬂ@ig\wand

The conduits 7 ngrow de a passageway fo | ead Wi res (not shown)
to conr%@fnett'ibc eorfigyeationsy ane stlbyqtinay ?%iOrmﬁﬁ’ea%ﬁﬂJ@Ft fd¢ Rgat trans %ﬂ@@”

i ncl udg {?ﬁ? sﬁhﬁﬂf%tﬁ lg?ﬁsant 5@%}459@&?&@‘@ Gnstlidt tfé% | 8€ 28| SRR ﬁeré?no

of the s and 7 whi ¢ areasosownln Figure 4
As sucHhorehgemiwidle the eirenmieramtial ;staarfdeﬁatam ameqiretesalpy dermeriBas hatintggesl

dapt f Wt hi dy, 4h i f I
ronber arCGReTER MLk a4y e, Ao Hoeiedion Had b ks 70 may
It hr gughoet Sepdrafegpicete tremitaie bﬁ@eﬁ@leﬁih@v\ma aspiation gbm:?kegseig orfthe He:ae trace

ead wire nnect to the, heat ace sectijon ref er ,
ol i istten 832, EOTSEae, Y SHBNRANHOTE S Sheshiaiog 1Gekel i or the
wher ei mefahQra%ét §&1stion n8527')9mf n@lb!uﬂésa %ﬁur@h? bRisbtE Qi'ﬂzefhafr Crécél{?@ ée%@ﬁiate
W res. The oufer casings al so gre erab i ncl ude

st andofstandpd @ﬂlewgﬁchgarﬁrtﬁﬁﬁ’ tlmf@rqhaamwe fendeean7Be vasied H'@\meﬁﬁféﬁ'éc'ng
t andof t sh
Dt BT WEebED iAo BAS 0T b oS
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a snap feature is enployed to securely connect each of the two outer
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WD 2008/ 033927PC=82007/ 078278 specifically, the casing 756 conprises
flexible latches 780 that extend froma boss 781, both of which are
preferably integrally formed with the outer casing 756. The flexible
| at ches 78%0R8§8/033827 apered end portions 782 that i ncl udCTEH2eX7I0783T8,
flat transverse faces 783 as shown. As further shown, a bore 784 is
formed through an opposing boss 785, which is also preferably
integrally formed with the outer casing 756. A counterbore 786 (shown
dashed) i

ot or naOLSbRG 87 L e shos BRSO RFINI Hlots 8759 sHELieRS sahants
engage §Meirbibealeped fifcation(Spposi ng outer casing 756 (not shown), the
flexible |at 78 : 1 t
the {1 exi b 409 HolnoR e g Hack M Fidlsk; o MEHERL FEFS s8R0 24 TR the
t r aver sdielebieiclcengt 88mthat berrduios th84emicoridnetiveapaymdr eord §32; BlongswviifBthe

enter thec nt er the flexible | atches 78Q deflect b

o0t wnr A STOATOPRE Baf Sisrols 2088 e ongl, S TR et ek seation o ferehe
787 to HfM éét%rl&\?d%érerln%élfﬁﬂﬁ of #e E%@hﬂ‘cﬁéclo%}esﬁiéacﬂlé‘lﬁa@trfc%vby\’%O (in
out er casings , the flexible |atches 780 are defl ected i nward

¢ hr ougHhe RETaK Rl BeBBPEICTaRTgHElionS Ae lipEaisd ndaiosaueas herein IuereiarAbly
| Nt et Moo SliRkIeACeifféf. 1RThd NEdtRIOHURT of afiitife Torishih (IR Rih  the

pull ed apart. Tt 's be un erstoo t hat ectl ng ice
exenpl asyniconductivel pdiyrsentdees &¥nnelnt iangtheeviooes therdieleetrisutever 830 is

the pr osbAC: Y Coffueq A6 & BloBbi ol e HEPRH S Rl b Y L2548 Fore
and 54-8&%, ﬂmetlld:@nomdmna,smmbwcﬁﬁﬂcm 8053 beplipdote thedsevicbnductive
o bt S R ey ndhcr i G5 CSaL BB S or
assenblagth&Ogmiilgr Bﬁéllc@tlér@%&ﬁod@ rA8r Haheb@hg lhSemRBRESAporReS endt! i¥ slid
504. Accordingly, the cover 800 provides additional dielectric

separ atqulth@e‘@%'éﬁn@wéwe POLYMEY oesBa?. S84 &they yeb dhadiglackic ervesBde can
envi r O%matelwel é‘%ﬁwleacbapfhagé Ghdithsf tBrtEg atc&}é? RoRalit1 §l(§éé‘ceeg ; Figures 5-8

terrper ature a rove aest heti cs nore clearl I gure
53 and rather than opread@ton i bkindezppdind myvee thevagmic®@dductive miymarnemrew%ﬁz

804 th l.at.i .

di ol ot SEPUBRSPRTRaC I U B bb B Hhuh Bl € 2ast PBCRER e i
8(@8I ][ hMSLaaitE)nadla@tcmleétnc q@vaﬁeserﬂambgrega’:inm?ﬂ &!Etogeiﬁer §ion dhe tHeet trace
she cure e caqver 0 e over nect

2 s enbipogn 823 such BEEBAY the SeRoum rsEve, PRI SIS a2 21 e o
connectgy feffan®lneab@acesetlio8L? abﬂﬁ,@oﬂfﬁblﬁetﬁérhé@a@@abér@bfbﬂ 822 may be
configured for an el bowtype connection wthin

2008/ 0demerbeithew 2ny dielegbicgoyvear & Ins%'taéhﬁalpm:aﬂ%ﬁ {tﬁéoglécheewqer&tﬁad
featuf &8atuchNar d&ﬁﬁ‘rré%b néReRILY e‘iﬂﬁhﬁﬂfe 5¢ eV&fth@EFes%ﬂmeaSé‘ﬁé

vary dependi ng on the connection enploye the target
system For [@Hrhh| eReferdring hrow donkigtites a@sambﬁgv Bsa0othee ferna dd dﬂ@at tnace

i o ti - ; ;
R epar arsse R RaNSHARR 8 anrf” il Ried B ot Ehs BurBra ¥ T peat
shapeerfacé%semh)l},e?&@boﬁ@ﬁieﬁ)bycﬁﬁ& W@bfﬁapﬂﬁdlfdr b@ca?jen‘samﬂmd the
accordin er ef or e eci esign o e, connect or..asse

0 e OO s B o et Ep b apoHun At Shauied ot NBoCRERG Baag G thi¥
limti "&nﬁd&nﬁﬁtoﬁesté’rﬁdérh%oﬁ{?&&%bl ﬁéétql'éb%ué&tlon 884 cdrPBd @fdpldyed without
anot her f orm of {%r esent disclosure, the heat trace assenblies 502

e " neIGHEa hei haF hace GRENQN SP4ais dibishase 51 hen cRGIIS Bvereviously
t enper gf g daeﬁ{ooéésctBS&rAE?é@ ﬁg&ﬁ%ﬁgﬁ@é?%@‘é&‘n&u&@é fnté’r'lJrggFﬁBé 886

power ensu onnéct’or "asse
ver sus thdteldiieas a stmwsccaeplenmhtag tcsms- camilita$3,salohg withf éxaeremnspdde that

densit 'extend aroind’ E-}F Ingsta (gneedhz];lf) of t%e periphery of the golr?dsdit 4 Fad gttlov?rrll OtI'F'e carrier
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WD 2008/ 033927PCT/ US2007/ 078278 than into the heat trace section 822
as previously illustrated and descri bed. As shown, the standoffs 826
are preferably in the formof fins, however, it should be understood
t hat ot her W§e8¥BsR28s and configurati ons may be enpl oy THH2063/078278
remai ning within the scope of the present disclosure, exanples of
whi ch are described in greater detail below The standoffs 826
preferably extend radially froman inner surface 828 of the

i nsul at i Ik Gai
530t na S ek ehribfited @ Boottf Uk J?L‘Sz;imm hEPISHERP ] FeRIRPHRY neat

trace dene sect®n2884. hdihebbhedtolragen gegiingsdreimihergggcused wethin thie recessed

| at

il or U IsBAses sBEDPAN bl VARRY of AEERSEPL BRatioR: uld Ll fe sedidf

with t rﬁeche;m}y ter amgssmor Lsc;apﬂaﬂm:mie témbs?¢ep|seraswfa‘ctbﬁswme carrier 882
t 0S on e e ra sectl gn W .

e e el 8 eahRE 1 SEalE the i TuatE asian 484 Hh tsitioh AL comapngnt

end por(blg)méta&ﬁﬁq @lfp)trﬁ@y 64 a86@1d Sediné th’r’é ﬁeﬁqm@tsebh@n BB o tecsnanes?,

and/ or size of trace section , which % be ot her than
circul & %a(ihelsﬂ@t may @G Lﬁéﬁé@ gecure the her@@?ﬁeqﬂﬁ” §i withim thepcarrier 882,

st andof o 7 Binck e bARY| ARG THARo A2 PRAIEIRS SORRELS BB0RARRL o o

836 that e onglt etween an outer wa 838 and an 1 nner
wal | 840atewhl sichapg awpemum guags, coppparersa goadudtive palpper e tBaAthar keat

L onner RS Hiof Mid Hedtacsl 80RH dha G B8 ettty (NI 1ol B8, conduit
Aol ar bbbt okl ntont vits vl
e P dedtg . eI ey  flso P Airiow YIRS RO ivat Shon” ProkHE ABD uede

from t hemagihg tWithe tS€Gcopd dFthel Brdskat Aibchisdre, edlen Rt 5Bl in2alation
operation is reduced., Additionally, the chanbers 836 and/or the space
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protrusions 874 are then slidably engaged within the slots 872 to
secure the standoffs 870" in the desired |ocation(s). [00170]
Referring back to Figure 57, the heat trace section 822 includes the
di el ectri cWORO3FID t hat surrounds the sem conduct i ve BEIVEHEL7/0¢837%
832, along with the pair of conductors 831 extending along the I ength
of the heat trace section 822 for the application of power. In one
formof the present disclosure, the dielectric cover 830 (in the

pl ural 'Ad’dlﬁﬁnsﬁisoﬁﬁéﬂnbﬁa %%de&ﬁurﬂ%:j ‘Pﬁbﬁh@@s btdisthbAt SdraRm, @@CfrhMmQ,
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sem conduct i ve%gp mer core 832. Still furt herq{%gﬁ’grthe dielectric
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Additionally, alternate manufacturing nethods other than extrusion,
e.g., machining, may al so be enployed while remaining within the
scope of the present disclosure. [00174] Referring now to

Fi gures 63MOA0HERI285, a form of a heat trace section HROAHEGIHANTE278
alternate end termnation is illustrated and generally indicated by
reference nuneral 900. The heat trace section 900 conprises a
stripped end portion 902, wherein a portion of the dielectric cover

904 and the afrm]ctwrﬁ[r@%ﬁv fP6ighavro, %@%te}ﬁétﬁ?&%@g@@ﬁbaﬁ% iR

pai r of conductors 908 and an i nner dielectric cover
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onto t
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menber 910, .(e.qg., lead wr 914, nducti v ore and

norvel S Erfbiared Gl 3re S Sae" Eieli B4 4S shPRN G IF s, grative
el i m nagrnbadimyit,| theemaki-géds dictedtde cel@Cédrhsidescametsri @ver 93l 8&d an
the term nati ng menber 910. The term nating nmenber 910 al so i ncl udes

f eat ur CUIBISCAMEH RAC AN Qftich sRMBTRRFUNYEY ﬁﬁ@ Srtions e aneAo0; Fegectively.
secti onrROQuANR ERY §Rlb 9@8’%(?6989%\@@5“&&# %me‘l”ﬁfd TeSlte%OHkﬁfﬁd the
dielectric separatl on and to reduce any [T ne- of - si g as previ ousl Yy

descr i beddupion 944)@915IOPHdaﬂIVér@Fe@ﬁZQEBSHOMYB@EQr@d o sectre themiltipidasg

menber S:

illust r@%‘gﬁﬁl %R’ escrl gg%@ﬁctNQ éop‘?(?%% 5?8{?‘nth%n'8 ﬁ%b\g#zé%e?ﬂ? r%g iog;[]er
enbodi nmver ﬁfisbmmreferdﬁiygsepsra&ﬁy tfamoed) Hros®, tha dm*mfqu\reacers@dtZi amd its
havi ng an alter erm atlo i1l ustr and neral L.y .
i o RoloR PR arrr i A Setrude. Ratfe AT el ATRR Barons ose
conpri sefl 856, thePgRere AthyPbé thean saa@d WeeTe, %dﬂeﬂ@élSrItSHMdeeor secured to
dlelectrlc cover 924 and the conductive core 926 have been stri pped

back sRa¢htaiaer BhRYY NHEDSERF olYer KBRWNJPelNeds 2 Eok gxamales @ mhewe in Figure
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The fitting adapter 980 conprises an opening 982 that is sized to
mate with an adjacent fitting 983 as shown, along with a recessed
outer periphery 984 to accommbdate the heat trace section 754 (not
shown) as POS0983¥12y i |l ustrated and described. The fi tRGTAEH2HIARE
980 conprises extensions 986 and 988, which extend along a portion of
the conduit (not shown) that is secured to the adjacent fitting 983.
Alternately, the extensions 986 and 988 are positioned along entire

secti On'ﬁhé)flttlﬁﬁ %HFﬁer bb@lfcoﬁ%)‘ls@@aﬁ %'péﬁl'ng gy tﬁﬁ'ﬂétslz%@% thats M@l%rﬁaéﬂﬁcent
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[ 00182]THeNhiAgH er0200Kk reftratiip LoPs@eeBH Wits Gl kst Secli@ 1003 and the section
"I ndi catlon means, are contenpl ated, wherein the state or conditiaon
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WO 2008/ 033927PCT/ US2007/ 078278 geonetry, in order to protect the
thermal insulation jackets from danmage fromthe outside environnent.
Such variations are not to be regarded as a departure fromthe spirit
and scope WO2WO3IEc|l osure. CLAIMS: 1. A heat trace P&ISSAWIA78278
conprising: a heat trace section conprising: a pair of
bus-conductors; a sem conductive polymer material surrounding the
bus- conductors and functioning as a heating elenent; a dielectric

mat er i afrsSad BEFHIEedBRs 360 GRAHITY, YSspectively, can be rotated relative to each
other for installation and removal.

[00181] As further shown, the first section 1002 includes an open end portion
1006 defining-a recess 1008, and the second section 1004 includes a detent 1010,
which engages the recess 1008 of the first section 1002 as shown. The detent 1010
engages the recess 1008 to secure the first section 1002 to the second section 1004,
thus securing the insulation jacket 1000 around the heat trace section (not shown)
through a connection that can be readily engaged for installation and disengaged for
removal.

[00182] In other forms of the present disclosure, various “indication” means are
contemplated, wherein the state or condition of the heater system is indicated and can
be monitored from the outside environment. For example, light emitting diodes (LEDs)
may be placed along the heat trace assemblies at strategic locations to indicate whether
or not the system is operational. The LEDs may be placed within individual sections of
the heat trace assemblies or altemately in various electrical connections within the
system. As another example, thermochromic coatings may be applied anywhere along
exterior surfaces of the system, e.g., heat trace assemblies, connector assemblies, to
indicate the temperature of the system at a certain location. Alternately, thermochromic
additives may be employed within certain resin systems for use within, by way of
example, the insulating jackets. Moreover, discrete temperature sensors may be
employed within the system for temperature indications at desired locations, along with
using the temperature sensors for temperature control. [t should be understood that
these various “indication” means are contemplated to be within the scope of the present
disclosure.

[00183] The description of the disclosure is merely exemplary in nature and,
thus, variations that do not depart from the gist of the disclosure are intended to be
within the scope of the disclosure. For example, the conductive polymer material used
for the heat trace sections may be a semi-conductive material in order to self-regulate
temperature or a non-semi-conductive material such that temperature is not regulated
through the material but rather through a control system. Additionally, the thermal
insulation jackets may be fitted with an external shell, e.q. rigid plastic, of any shape or
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pol ymer material; and an outer insulating jacket surrounding the
dielectri c material; an insulation jacket surrounding the heat trace
section; lurality of standoffs di sposed between the heat trace
section an O 2A®/B332711 ati on j acket; and a correspondi ng BIWHAPI7{0y82%
passageways formed between the heat trace section and the insul ation
j acket and between the plurality of standoffs. 2. The heat trace
assenbly according to claim1l, wherein the standoffs are integrally

fornmed gddniethf)eni drael ad i 6tdcRak&ithermal InsiaforN fitkels #6M @éﬁ%@‘@lﬂom the
accordi nq to claimi1, wherein the standoffs are i ntegrally fornmed

with t Halsggenyir Q'E'Be'éfecgl‘@fh variations argenahda et rﬁﬁé@eﬂs%%ﬁtﬂ%Paﬁéﬁ%fr grnige
to cl a'%BJ%’an\MkﬁbSé% stigaglef fs are separate pieces that are

assenbl the 1 nsu t| on j acket . 5. The heat trace assenbly
according to claim1l, wherein the standoffs are separate pieces that
are assenbled to the heat trace section.
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6. The heat trace assenbly according to claim1, wherein the
standoffs are fins. 7. The heat trace assenbly according to claim
1, wherein the standoffs are a part of the insulation jacket and
define a distal end portion, and the distal end portion physically
contacts the heat trace section to concentrically position the heat
trace section wthin the insulation jacket. 8. The heat trace
assenbly according to claiml, wherein the plurality of passageways
are fill e@LAIMbB:a material selected fromthe group consisting of an

i nsul ati ng rrate:[iﬁlh dade b LSSy i

18l eanfafe how SSnYhdiMngat eri al . 9. The heat
]Erace assenbl y aggajrtgfl]n L9 &lc%}lgé sin%her in the insulation jacket
urt her conpris® fﬁ 07 6 anBers that extend |ongitudinally
bet ween an out er &BIF O ﬁ’élsé-iﬁmidﬁﬁ@rmwall of  the insul ati.on jacket.
10. The heat traamm@@nﬁh%‘étl@@ﬁ’m%@lﬂtéﬂélS&Wﬁl@l,d?% Y-t he
plurality of chambeoadater ahtdunetiohing avet lewtig demsstied from the
group consi st i ng PlydiBchis WiatliaD siRbendiak drvlseniasiiduntise! vi ty
mat eri al . 11. néoﬁ%{eﬂﬂzﬁ@rihﬁ%ﬁt for use in a heating system

havi ng at | east on race section : i

conprising a pai ralbpufﬁfslllsb‘?ﬂ)tﬂ%ﬁ é?élfe?f%%ﬂ{%%h@gvgfeﬁgﬁg%?n

material surroundi mgatﬁﬁl@l;bus-conductors and functioning as a heating

el ement, a di el &cinsuiativat fcket swwmowaling ithghedtdragerdectioniduct i ve

3_0' yrmer mater 2 ?hﬁﬁﬁtya@f%ﬁﬂioﬂf@ﬂiﬁp@tsédl@ehﬂeéﬁethesllmeabtnadéng the

slt :ngg]E ][l C mater ._s%ﬁ ﬁ%d'tﬂé!fﬁﬁﬂhﬁ&lﬁ gtapgonprising a plurality of
( s extendi nlg PYSman inn S ’921‘1 L ?:ml H%ék\%'ﬂ” ] acket

and i nwardly t ohed %sﬁq;\]ré?l%ﬁlmﬁﬁ_é&% B gfg%n,ysvﬁergl F rality of

passagevays are ftbgnestpEagRsRCpR HKalng ﬁ’é‘?}ga‘é%ﬂ?g]ﬁ&a ’agt he

: 2:3: :H 82 j_actetbeﬁwdehéh@\phnalit}eomtandﬁfs-y of standoffs. 12. The

j ac cC i t.0 .l al hTAi areglo

integrally for n;}djj& ée{qﬁg%en%ﬁf %ﬂﬂg‘ﬁ&éord}?gfc?.bﬁﬁahg Wh 1\&5{]{ Zt ?(r)ﬁ

j acket accor di thg stan %iWi%Engqg?‘gﬂl‘%%é { %Hlsg]?asnoyr}%cse'ar ate

pi eces that are Jaddunbealdracs aRemdAY areR Fgfoael%é‘?l.lv WE‘?L]??.”PThe

i nsul ati on j actkestadodfsdiraintegradlydonmed with tiedreat bage 0 a

flhgr glebtr%n?; segrEHeShadtdride dseaniblpaecordig trichimal dvhewied bet ween

the segme abouﬁ’fﬁ%&%ﬁé{%& E%%ea_% BlRas FhaioMe ddeniletmatiet o be

5. The heat trace assembly according to claim 1, wherein

the standoffs are separate pieces that areassembled to the heat
trace section.

6. The heat trace assembly according to claim 1, wherein
the standoffs are fins.

7. The heat trace assembly according to claim 1, wherein
the standoffs are a part of the insulation jacket and define a
distal end portion, and the distal end portion physically con-
tacts the heat trace section to concentrically position the heat
trace section within the insulation jacket.

8. The heat trace assembly according to claim 1, wherein
the plurality of passageways are filled witha material selected
from the group consisting of an insulating material and a low
emissivity material.
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15. The insulation jacket according to claim 14, wherein the segnents
and the reduced area are integrally fonned with the insul ation jacket

such that the insulationjacket is a single, unitary piece. 16. The
i nsul ation jacket according to claim 11, wherein the standoffs extend

longi tudinally along the I'ength of the insulation jacket. 17. The
i nsul ation jacket according to claim211l, wherein the standoffs extend

circunferentially around the insulation jacket. '18. The insulation
j acket according to claim 11, wherein the standoffs are di sconti nuous

along the | engt h9oThéheat e a5dedbiy24deRlding to claim 1, wherein
the insulation jacket further comprises a plurality of cham-
bers that extend longitudinally between an outer wall and an
inner wall of the insulation jacket.

10. The heat trace assembly according to claim 9, wherein
the plurality of chambers are filled with a material selected
from the group consisting of an insulating material and a low
emissivity material.

11. An insulation jacket for use in a heating system having
at least one heat trace section, the heat trace section compris-

-ing a pair of bus-conductors, a semiconductive polymer mate-
rial surrounding the bus-conductors and functioning as a
heating element, a dielectric material surrounding the semi-
conductive polymer material, and an outer insulating jacket
surrounding the dielectric material, the insulation jacket com-
prising a plurality of standoffs extending from an inner sur-
face of the insulation jacket and inwardly towards the heat
trace section, wherein a plurality of passageways are formed
between the heat trace section and the insulation jacket and
between the plurality of standoffs.

12. The insulation jacket according to claim 11, wherein
the standoffs are integrally formed with the insulation jacket.

13. The insulation jacket according to claim 11, wherein
the standoffs are separate pieces that are assembled to the
insulation jacket.

14. The insulation jacket according to claim 11 further
comprising a plurality of segments and at least one reduced
area disposed between the segments, wherein the reduced
area allows the segments to be rotatable abont the reduced
area.

13. The insulation jacket according to claim 14, wherein
the segments and the reduced area are integrally formed with
the insulation jacket such that the insulation jacket is a single,
unitary piece.

16. The insulation jacket according to claim 11, wherein
the standoffs extend longitudinally along the length of the
insulation jacket.
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17. The insulation jacket according to claim 11, wherein
the standoffs extend circumferentially around the insulation

jacket. \
'18. The insulation jacket according to claim 11, wherein

the standoffs are discontinuous along the length of the insu-
lation jacket. . .
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