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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, e.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 arcund the conduits
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[0007]In one form a heater systemis provided that conprises a
SUMMARY

[0007] In one form, a heater system is provided that comprises a
plurality of hinged carrier members, each hinged carrier member defining an
inner periphery surface, an outer receiving portion, and end portions. A plurality
of heat trace sections are disposed within the outer receiving portions of the
hinged carrier members, the heat trace sections defining end portions. End
fittings are disposed proximate the end portions of the hinged carrier members
and the end portions of the heat trace sections. A first cover is disposed around
at least a portion of the hinged carrier members and the heat trace sections, the
first cover being secured to the end fittings, and a second cover is operatively
engaged with the first cover and adapted for detachable placement around at
least a portion of the hinged carrier members and the heat trace sections.

[0008] In another form, a heater system is provided that comprises at
least one heat trace section, a first insulating member disposed adjacent the heat

frace section, and a second insulating member disposed opposite the first
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The present disclosure will become more fully understood from
the detailed description and the accompanying drawings, wherein:



[ 0012] The present disclosure will beconme nore fully understood from
the detail ed description and the acconpanyi ng draw ngs, wherein: WO
2010108088kB8Ghodsa@10/ 020330 [0013]FIG 1 is a schematimryiwoabess Ng
one of the applications of a nodul ar heat trace assenbly to heated
sem conductor gaslines and punplines; [0014]FIG 2 is a perspective
view of a prior art heat trace cable di sposed around a gasline or
punpline; [0015]FIG 3 is a perspective cutaway view of a prior art
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modular heat trace assembly to heated semiconductor gaslines and pumplines;

[0014] FIG. 2 is a perspective view of a prior art heat trace cable
disposed around a gasline or pumpline;

[0015] FIG. 3 is a perspective cutaway view of a prior art heat trace
cable;

[0016] FIG. 4 is a cross-sectional view, taken along line 3-3, of the prior
art heat trace cable of FIG. 3;

[0017] FIG. 5 is a perspective view of a modular heat trace assembly
secured to a conduit system in accordance with a first embodiment of the present
disclosure;

[0018] FIG. 6 is an exploded perspective view of the modular heat trace
assembly of FIG. 5 in accordance with the teachings of the present disclosure;

[0019] Figure 7 is a perspective view of a heat trace section of FIGS. 5
and 6 constructed in accordance with the teachings of the present disclosure;

[0020] FIG. 8 is an end view of the heat trace section of FIG. 7 in
accordance with the teachings of the present disclosure;

[0021] FIG. 9 is-a perspective view of a thermal insulation jacket for a
heated conduit constructed in accordance with the teachings of the present
disclosure;

[0022] FIG. 10 is an end view of a thermal insulation jacket with an
alternate pocket configuration and constructed in accordance with the teachings
of the present disclosure;

[0023] FIG. 11 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;

[0024] FIG. 12 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;

[0025] FIG. 3 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;



art heat trace cable of FIG 3; [0017]FIG 5 is a perspective view of
a nodul ar heat trace assenbly secured to a conduit systemin

accor dancewwizbiwogedss r st enbodi nent of the present di sclmswso10/020330
[0018]FIG 6 is an expl oded perspective view of the nodul ar heat
trace assenbly of FIG 5 in accordance with the teachings of the
present disclosure; [0019] Figure 7 is a perspective view of a
heat trace section of FIGS. 5 and 6 constructed in accordance with
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[0027] FIG. 15 is another perspective view of the modular heat trace
assembly of FIG. 14 in accordance with the teachings of the present disclosure;

[0028] FIG. 16 is an explcded perspective view of the modular heat
trace assembly of FIG. 15 in accordance with the teachings of the present
disclosure;

{0029] FIG. 17 is a rear perspective view of a connector assembly in
accordance with the teachings of the present disclosure;

[0030] FIG. 18 is an exploded perspective view of the connector
assembly in accordance with the teachings of the present disclosure;

[0031] FIG. 19 is a partial perspective view of a fitting heater assembly
constructed in accordance with the teachings of the present disclosure;

[0032] FIG. 20 is another partial perspective view of the fitting heater
assembly constructed in accordance with the teachings of the present disclosure;

[0033] FIG. 21 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;

[0034] FIG. 22 is a perspective view of a cover engaged with a shell
member and constructed in accordance with the teachings of the present
disclosure;

[0035] FIG. 23 is a side view of the cover engaged with the shell
member in accordance with the teachings of the present disclosure;

[0036] FIG. 24 is a perspective view of another form of a heat trace
assembly utilizing a carrier and constructed in accordance with the teachings of
the present disclosure;

[0037] FIG. 25 is an exploded perspective view of the heat trace
assembly with the carrier in accordance with the teachings of the present
disclosure;

[0038] FIG. 26a is an end view of an alternate form of a carrier
constructed in accordance with the teachings of the present disclosure;



heat ed conduit constructed in accordance with the teachings of the
present disclosure; [0022]FIG 10 is an end view of a thernal

i nsul ati onwpackebesss t h an al t ernate pocket confi gurati eTTasde10/020330
constructed in accordance with the teachings of the present

di sclosure; [0023]FIG 11 is a perspective view of another formof a
thermal insulation jacket for a heated conduit constructed in
accordance with the teachings of the present disclosure; [0024] FI G
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[0041] FIG. 28 is an enlarged perspective view of a heater system
constructed in accordance with the principles of the present disclosure;

[0042] FIG. 29 is an exploded perspective view of the heater system
constructed in accordance with the principles of the present disclosure;

[0043] FIG. 30 is an end view of hinged carrier members and a heat
trace section constructed in accordance with the principles of the present
disclosure;

[0044] FIG. 31 is an end view of hinged carrier members and heat trace
sections constructed in accordance with the principles of the present disclosure;

[0045] FIG. 32 is an exploded end view of hinged carrier members and
heat trace sections constructed in accordance with the principles of the present
disclosure;

[0046] FIG. 33 is a cross-sectional view of hinged carrier members and
heat trace sections rotated relative to each other around a target in accordance
with the principles of the present disclosure;

[0047] FIG. 34 is a perspective view of various internal components of
the heater system constructed in accordance with the principles of the present
disclosure;

[0048] FIG. 35 is an end view of the heater system illustrating a cover,
a standoff, and retaining members constructed in accordance with the principles
of the present disclosure;

[0049] FIG. 36 is a perspective view illustrating multiple carrier
members and a resistive heating element constructed in accordance with the
principles of the present disclosure;

[0050] FIG. 37 is a perspective view of a heater system having a hybrid
cover constructed in accordance with the principles of the present disclosure;

[0051] FIG. 38 is a cross-sectional view of the heater system,
illustrating the cover accommodating a fitting of a heating target in accordance
with the principles of the present disclosure;



WO 20101080883PCT/ US20101020330 [0026] FIG 14 is a perspective view
of anot her enbodi nent of a nodul ar heat trace assenbly constructed in
accor dancewpizbive/okéses t eachi ngs of the present discl osur ecTiddRdidhtdsés
15 i s anot her perspective view of the nodul ar heat trace assenbly of
FIG 14 in accordance with the teachings of the present disclosure;
[0028] FIG 16 is an expl oded perspective view of the nodul ar heat
trace assenbly of FIG 15 in accordance with the teachings of the
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flexible insulation jacket constructed in accordance with the principles of the
present disclosure; '

[0054] FIG. 41 is a perspective view of the flexible insulation jacket
unfastened from the connector assembly in accordance with the principles of the
present disclosure;

[0055] FIG. 42 is a cross-sectional view of the connector assembly in
accordance with the principles of the present disclosure;

[0056] FIG. 43 is a perspective view of a heater system having a heat
trace section and insulating members constructed in accordance with the
principles of the present disclosure;

[0057] FIG. 44 is an exploded view of FIG. 43 in accordance with the
principles of the present disclosure;

[0058] FIG. 45 is a cross-sectional view of the heater system of FIG. 43
in accordance with the principles of the present disclosure;

[0059] FIG. 46 is a perspective view of a heater system disposed
around a curved heating target and constructed in accordance with the principles
of the present disclosure;

[0060] FIG. 47 is a perspective view of the heater system of FIG. 46
having its cover unfastened in accordance with the principles of the present
disclosure;

[0061] FIG. 48 is a cross-sectional view of a heater system similar to
that of FIG. 46 in accordance with the pringiples of the present disclosure;

[0062] FIG. 49 is a perspective view of a heater system having a
flexible cover consfructed in accordance with the principles of the present
disclosure; and

[0063] FIG. 50 is a cross-sectional view of the flexible cover installed
with the heater system of FIG. 49 in accordance with the principles of the present
disclosure.

[0064] Corresponding reference numerals indicate corresponding
parts throughout the several views of the drawings.



[0031]FIG 19 is a partial perspective view of a fitting heater
assenbly constructed in accordance with the teachings of the present
di scl osur ewo 2010/080889032] FI G 20 i s anot her partial per siEgEs2uRzeW
of the fitting heater assenbly constructed in accordance with the
teachi ngs of the present disclosure; [0033] FIG 21 is a
perspective view of an alternate enbodi nent of an outer casing having
a snap feature and constructed in accordance wth the teachings of
the present disclosure; [0034]FIG 22 is a perspective view of a
cover engaged with a shell nenber and constructed in accordance with
t he teachings of the present dDETALEDBESCBOBHIONI G 23 is a side view

feachi ngs of ¢ he eelond e BiEeso R ERSh el SRAPRR iy obik b0 .
vi ew of anotmintérgiechtofimé theepresent dselosure, application, or uses.

[0066] The sfructure 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, liguids, and
gases and may include, by way of example, fluids that are transferred within a
semiconductor processing apparatus. The following description of the preferred
embodiments with reference to such a semiconductor processing apparatus is
merely exemplary in nature and is in no way infended to limit the disclosure, its
application, or uses. Accordingly, the teachings of the present 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 present disclosure,

[0067] 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.

[0068] 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



assenbly utilizing a carrier and constructed in accordance with the
teachi ngs of the present disclosure; [0037]FIG 25 is an expl oded
per spect i weovirwsesks t he heat trace assenbly with the caraves2010020330
accordance with the teachings of the present disclosure; [0038]FIG
26a is an end view of an alternate formof a carrier constructed in
accordance wth the teachings of the present disclosure; WO
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e e A

per specti ve sureunddd by hesampondysive polyoes materiaé @4 khat 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.

[0069] 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 cables 16 are not as capable as other heating systems in
providing a relatively uniform heating profile along the length of a conduit due fo
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.

[0070] 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 trace 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 trace 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.

[0071] 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



accordance with the principles of the present disclosure; [0041]FIG
28 is an enl arged perspective view of a heater system constructed in
accor dancewoizbtv/oeésgs pri nci pl es of the present di scl osurmT/us2010/020330
[0042] FIG 29 is an expl oded perspective view of the heater system
constructed in accordance with the principles of the present

di scl osure; [0043] FIG 30 is an end view of hinged carrier
nmenbers and a heat trace section constructed in accordance with the
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hinged carr it%nsog‘gp% &ea}&ggitudina[ 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 to the conduit 13.

[0073] As further shown, a pair of conductors 64 are provided within the
heat trace section 52, preferably along the locking edges 58 as shown, wherein
the conductors 64 extend ouiwardly from opposite ends 66 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.

[0074] 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.
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heat trace sections rotated relative to each other around a target in
accordance with the principles of the present disclosure; [0047]FIG
34 is a pewepemiosises vi ew of various internal conponent cafusctwenbhsai er
system constructed in accordance with the principles of the present
di sclosure; [0048]FIG 35 is an end view of the heater system
illustrating a cover, a standoff, and retaining nenbers constructed

I n accordance with the principles of the present di scl osure;

O0STF1 . 20 | SigBF, SRR R SR kB R e
wi th the pritratiepl emdait, bhe beasdnctondu:sqmiseh@ﬁm)[ 0O yehédaly iBdicatsd by
per shect ve e n RO BT EL S SRR B o SraEpctiheb s o
[0051] FI G tBBularsinsuletiorsisodyetl, ehizh heseam mitett well hedeed asysteemwall 404
e oL G RE B TRPAb 0 bbb Rl Rl AR T
traced conduit as previously descnbed 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. Alternately, the pocket 408 may take any number
of shapes, such as an arcuate pocket 410 as shown in Figure 10, to
accommodate the heat trace section 52 as shown and described herein.
Accordingly, the shape of the pocket 408 is designed to mirror or conform to the
shape of the heat trace section, whatever that shape might be. Additionally, the
thermal insutation jacket 400 having pocket 408 can alternately be provided with
a slit 412 so that the jacket 400 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.
[0076] Referring to Figure 11, 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 wall 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.
[0077] Referring to Figure 12, 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

11



WO 2010/ 080883PCT/ US2010/ 020330 [0052]FIG 39 is a top view of a
second, flexible cover constructed in accordance with the principles
of the prewenbinfssgs osure; [0053]FIG 40 is a perspect ipcanseewonis3|
connector assenbly having a flexible insulation jacket constructed in
accordance with the principles of the present disclosure; [0054]FIG
41 is a perspective view of the flexible insulation jacket unfastened
fromthe connector assenbly in accordance with the pri nci pl es of the

AR g G LR Y
di scl osur e; pockets 434 reduce heat losses through the thermal msulatlon jacket 430

[0078] Referring to Figure 13, 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 insulation body 442 is made of a flexible
material, e.g., silicone rubber sheet or foam, neoprene, polyimide foam or tape,
among many others, such that the longitudinal edges 446 and 448 are deflected
outwardly and are then biased against the heated conduit.

[0079] 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
techniques, 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.

[0080] 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.

[0081] Referring now to Figures 14-16, 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

12



[0056] FIG 43 is a perspective view of a heater system having a heat
trace section and insulating nmenbers constructed in accordance with
t he princiwbesiakigshe present disclosure; [0057] FI G 44dTausamoe/026330
expl oded view of FIG 43 in accordance with the principles of the
present disclosure; [0058]FIG 45 is a cross-sectional view of the
heater systemof FIG 43 in accordance with the principles of the
present disclosure; [0059]FIG 46 is a perspective view of a heater

tcor dance: viTh® EHEMSHRr Rsfolnie Sof Bty the BRRES ALY, S8ERLY b580 e
47 is a per s{deconnestoriasserofly t53¢ dneabewn foy Suepnses of-biaitydéndéshogdittes
cover unfastepaeiddl RGEMeIR0ERarddtor SRl 5OF L% Shditehfoel! R o

di scl osure;
plurality of either or both heat trace assemblies 502 and connector assemblies

504, depending on the end application.

[0082] 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. It should be understood that
the modular heater system 500 can be applied to numerous end applications,
and thus the semiconductor processing system 10 as illustrated and described
herein is merely exemplary. Accordingly, these end applications are hereinafter
referred to as “target systems” for the modular heater system 500. The
connector assembly 504 is also adapted for contacting and heating, for example,
a joint, connector, or other component of the target system. Additionally, the
connector assembly 504 secures adjacent heat trace assemblies 502 to each
other and accommodates the joints, connectors, or other components of the
target system. The connector assembly also provides both heat to the
components of the target system and insulation from heat loss to the outside
environment, among other functions, as described in greater detail below.

f0083] Similar to the previously described heat trace sections 52
(Figures 7 and 8), the heat trace sections 510 are preferably preformed in sizes
corresponding to different sizes, or outside peripheries of, for example, the
conduit 13. The heat trace sections 510 are preferably extruded and 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 510 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 previously illustrated
and described. 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, for example, a conduit system.

[6084] Connector Assembly 504

[0085] Referring now to Figures 17 and 18, the connector assembly

504 comprises a shell 700, which preferably includes a plurality of shell members

13



[0061]FIG 48 is a cross-sectional view of a heater systemsimlar to
that of FIG 46 in accordance with the principles of the present

di scl osur ewo 2010/080489062] FI G 49 is a perspective vi ew \mir/gs2tmabeto
system having a fl exible cover constructed in accordance with the
principles of the present disclosure; and [0063]FIG 50 is a
cross-sectional view of the flexible cover installed with the heater
systemof FIG 49 in accordance with the principles of the present

e (DGR B TR TG0 0 B B o oG gt o

DETAI LED DESEHRINBTthObkdedkbhb H04 andlodihg i fittihgdlesaten gxsemblyl 250gmuhidhyis best

exenplary i nsh%%nulrneFiSGI%si 8-20. The fitting heater assembly 750 comprises a fitting
adapter 752, a heat trace section 754, and an outer casing 756 that is preferably
in two (2) pieces as shown. The fitting adapter 752 defines an opening 760 that
is sized to mate with an adjacent fitting or component of the target system (not
shown). Accordingly, it should be understood that the size and shape of the
opening 760 as illusirated and described herein is merely exemplary and should
not be construed as limiting the scope of the present disclosure.

[0086] The fitling adapter 752 also defines a recessed outer periphery
762 having grooves 764, both of which are sized to accommodate the geometry
of the heat trace section 754 as shown. Preferably, the fitting adapter 752 is a
conductive material such as Aluminum, however, other materials may also be
used while remaining within the scope of the present disclosure. Alternately, the
fitting adapter 752 may include slits 768 (shown dashed) to provide for expansion
of the opening 760 and thus more intimate contact with the adjacent fitting of the
target system.

[0087] Preferably, the outer casing 756 is provided in symmetrical,
interchangeable pieces as shown. The cuter casings 756 include outer walls 770
and inner walls 772 that define conduits 774 therebetween. The conduits 774
provide a passageway for the lead wires (not shown) to connect to the heat trace
section 754. The outer casings 756 also include hinge elements 776 that
cooperate with the hinge elements 730 of the shell members 702 and 704, which
are also shown in Figure 49. As such, the hinge elements 776 preferably include
pins 778 that are adapted for placement within holes 731 (Figure 18) of the shell
member hinge elements 730. Additionally, the conduits 774 extend through the
hinge elements 776 as shown to provide egress for the lead wires that connect to
the heat trace section 754. Preferably, the hinge elements 776 are disposed an
an extension 779 as shown, wherein the extension 779 functions as a strain relief
for the lead wires.

[0088] The outer casings 756 also preferably include standoffs 780
extending from their outer faces 782 as shown. These standoffs 780 function to
center, or position, the fitting heater assembly 750 properly within the shell 700.
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not intended to limt the present disclosure, application, or uses.

[ 0066] The structure of a heater in accordance with the present
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shoul d be understood that the word "conduit" as used throughout this
specification includes, without |imtation, tubes, pipes, and other
encl osed or partially enclosed nenbers for the transfer of fluids or
other materials such as powders or slurries. The materials carried by
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the present disclosure.
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[0070] Wth reference nowto Figures 5 through 8, a nodul ar heat
trace assenbly adapted for use in a sem conductor processing system
10 in accowoanmmswissh a first enbodi nent of the presentpalingbosirs i s
illustrated and generally indicated by reference nuneral 50. The
nodul ar heat trace assenbly 50 conprises heat trace sections 52 for
contacting and heating a conduit 13 of the sem conductor processing
system 10. The nodul ar heat trace assenbly 50 al so conpri ses
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WO 2010/ 080883PCT/ US2010/ 020330 [0075] Referring now to Figure 9, a
thermal insulation jacket for a heat- traced conduit, or a heated
conduit (nwb2sivamsesss IS generally indicated by refereneemusienatosdd0.
The thermal insulation jacket 400 preferably defines a tubul ar

i nsul ati on 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
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[0096] 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
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[ 0079] As further shown, one of the |ongitudinal edges 446 is provided
with a flap 452 for properly engagi ng the other one of the

| ongi t udi nab 2edgemsx46 after the thermal insul ation |a®cetusdsiforsso

pl aced around the heated conduit. Using the flap 452 to cl ose the

| ongi tudi nal slit 444 helps to reduce heat |oss to the outside
environment. Preferably, the flap 452 is al so nade of a thernal
insulation material to provide thermal insulation. The flap 452 may

be made of adhesi ny v g,, Or
al ternat el y%gﬂae&%%c&lg@?? %rg Y% pagg@hg\%@n% %gﬁ%ecﬁéggé?ﬁ%”e@ et
snaps, anongtaidysr losetonsi thlndleaﬂanwln]&tber osoeththe heystenhés bpaptiorel iThe

secured to ”’EE‘D%?ﬁrbe %fwﬁﬁ?ﬁ ulqﬁ’ﬂ?]aﬁ %g%tf((}ﬁ%/ of ?ﬁeéﬁﬁac@’k{%@@gqb@l &n

outer surface 0 e tu ar I NSu
each of the dlfesnatedy in n@ubas istaetrfcat lce nnestiboal iwithimt theasydlerwcr iNsednother

nerein, 8 il ShaBENOTL IDBRAE! BerbEX! e AAG!LABRY ¥

it shoul d be un at any o res anbe
pockets si zewirfaces betheesitstenn.ag., deot trace g%&ﬂmmhey cclnmgtblt l@ﬁan‘d:lllegl tot |

and 113, Migbae PRAvICHRAALATE: He I pBATEL PACkAN oblicRaCTNRHBRYY

while remaining wt e scope resent disclosure. NoreoVer,
mul tiple podhmch@wcb@d@hmﬂ r@@n becemmwerwmrbcmﬁxm rgsire sypierns foratse

sections 52 thn | g%%:ooggi‘?ﬁlqé!?ﬁﬂe r{sgl'éhﬁ cRAL! MordRe:, 3RER% @anbhﬁure

present disc erring to Figures 14-16, anothe
formof a noEDSe Mawnther e@"»p@ty@@nw@m e, systeme r daEpgettese dndigations at

i ndi cat ed byde%ﬁ'éc?ﬁ@d&ﬁ@né“ﬁf&{g{abwtﬁ%mgeﬁﬁeeEé?ﬁdér‘atuFeh@eﬁ'%F'éjlfcﬁrteh%];eﬁ‘ure

system 500 congnll Ses heat trace assenb a connect or
assenbly 5040nwa} y "oﬁ'éﬂ%dl)beh@%ﬂef%t@%éh%s@@%w?”w adieetvAe mepps aré

connect or  asgaEYaedh tﬂi@ut}ﬁﬁﬂm&)ﬁé oﬂHéBFIe’%@ﬁt Sfciddupd,ity, and it
shoul d be understood that the nodul ar _heater system 500 can, and

of ten does, incl Uﬁ’@-’h pReferinot i [ESeRf 48y adteaktysiganin agoriance with

assenbl i es SR aﬁ@i IEQ BN &L Wesaﬁ%%sb%slsﬁ%tra%p@rﬂﬂgé\%rﬁg lhm@at@@cﬂw
appl i cation. {? 082 The heat trace asse

a
contacting df rerﬂggtniuwralﬂap @g@ﬁfﬂllé thg h@g?éaﬁys(te 41 af(s gqel%.gned for use in
sem conduct Qfeaﬁ'rﬁ Wﬁ@ﬁeﬂtssm%maohaua& HEEsPIdSy¥tefRSeiich 26 Gaaids hawn

in Figures an . 1t shau be under st qo at. t

System 500 SRS B b i eEoan g Appiatiat g ﬂa@“ﬁ?@i‘éf he
ﬁem _Con_dUCt Qitle @65 Hlatéysyﬁamw vasicH sl ddﬁl’im@‘tlﬁdsﬁ@fbdljﬁm Ithebslfésent
ereirn 1s nerej exe ry (0] t hese en |Cat ons are
or ol mat ¢ or GPBlCRIPE PR g confEaRe bt WAk i ICorey e dera bV AR e o
syzt ﬁm 500. tHdieestpatgpeat g{omsenbdje/rsﬁad howedbs ehatda@hestef systaprtiacisi ng
an eatlng

t t
The target spb i hokan rruiab iy Vepind Brnde ot ek MR sterteiofs
adj acent heaindt¢ancs %Bbﬁﬁj Ire&ﬁ%lubm{cmato:wr?ﬁmartar@etiusaomnhmi@:t ;\wdt he
ts, t ,_0or. ot he nts o e tar
connect or asedning ol GEERROaN e droEsShe b RT oe Bre
t ar get syste::mnatnﬂediazsﬂhilm"tgtbastamflﬂwprekmﬁshsbtosm‘ee out si de

envi ronment , amfﬂbgglt he}-;\s fslf"lg%' Rore c%grly écﬁlbb% e Hea esfys%% ali‘lb

bel ow.
comprises a plurality of carrier members 112 and a corresponding plurality of

resistive heating elements 114. The resistive heating elements 114 in this form
of the present disclosure are heat trace sections, which are disposed within the
carrier members 112 as shown. Although two carrier members 112 and two
corresponding resistive heating elements 114 are illustrated, it should be
understood that any number of carrier members 112 and resistive heating
elements 114 may be employed while remaining within the scope of the present
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[0083] Simlar to the previously described heat trace sections 52
(Figures 7 and 8), the heat trace sections 510 are preferably
pref or med wio 28i0a8essor responding to different sizes, orrsIBD20330
peri pheries of, for exanple, the conduit 13. The heat trace sections
510 are preferably extruded and are al so capable of being cut to

| ength, according to a desired length for a particular section of
conduit 13. Preferably, the heat trace sections 510 are provided in

2 condui t sy Sufite L Mines L1 AR stant &F BlooRle i A EETla, b e "

previously i d:dememmis drd adé sod pbeidns AL off e megistive thieetingoelernents 114.

construction t C i e
present di sc]Iné)sn Sﬁfe 'ac %&{ﬂﬁe@s ﬁ%lrceﬁ'zfﬁ Iége{&%rqag%%{'lgg%fﬁg eér}ﬁ%l ng (E
tcgat IS eaz;1@4nbafjmpt&@des[mrlbé®m gt enpdeadail twlmndu::_t system [0084]
nnect or se e : e

connect or assenbl[gog?84 é\o@gﬁj%CeRsJOgEg#?\s%%g%rogﬁagﬁee?%rpgﬁrﬁe%%ers

i ncludes a p112raid thy redistyh dlehtimpalbeests 7@2arhthe7@er Titsipaseudted tisthade

t he shell d i t RS I

504, "1 nel udi 75 gt F1eh ARy EIRE BARRL B0 b FeEf AR BRAEER Ko, |
Fi gures 18- Z@Jvefrh%fi mab/taliegﬂah@mtbera alsglermaq,e go0ubioleppipesss on tdketan thg

adapter 752, oﬁsr%cfﬁu&eﬁéd 2l aéﬁfﬂmb@m}ﬁ@pﬁdlﬁ, U%a%' g&a?éﬁ%gat

i's preferably | 1 eces as s
defines an dpeni H§2G6E0.t ied Modsilar ddeater istemal twhllarremairmgemthmu thei ng

or conponentg P%bhﬁletﬁé&ﬁ'& dR¥BEGE (T’P@tcoﬁgwe@ %erfe%ﬁlgrfﬂ'\fﬂgﬁé’to felairsfheul d

be understoo at the size and shape o
i || ustrated hatl geeeyaieddadthagpeistve fsseatna,@ @l%%ﬂrﬂ)‘l a\ﬂtﬂ?math@l heRien sHstemdt

be constr ued @Ssd thi r%r%gheta{”i% o%&’t@@ tcPfhetth%eP(n%ﬁé’rﬁerﬁ A& hestUbses to the

[0086] The fitting adapte definés a recessed outer periphery
762 havi ng g?%%@nvrrenmebtﬂrﬂ FQﬂUC%ﬁ@WQaQF@r%tloﬂed to accommodate the

geonetry of the ;lﬁfélbof r ?ﬁ@héﬁér‘ ykend 240 %&o%ﬂﬁ’ﬂ?seﬂe@éﬁhémé{nbé@?m

fitting adapter IS a conductive material such Al um num

however, ot H¥Hchateatspoped awynd et igaslea pRyten ahthe @afr@ﬁmemaags Wzttﬁlqlﬁsphe

scope Of t haner@sft meindelsobtz %rou‘th %na&@étywhtoheusf fukthen gluseRed %d752
may include slits 768 (shown dashed %{ﬁrow for expansi on of

openi ng 760 esarikaduin Fi ﬂ?t?'ﬁ'é’le@"‘bon?‘ fongly. hatﬁ’ﬁ%”dé’tﬁ] aeaber 1%t | isng

of the targefispoysd aldng [t BLIEF §fseinahy betitnaHé @bvaraPnthd4RE target to

rovided in symetrical, interchangeabl e 1ece as shown. e
Dol e 756 RIS Ay eLAoIaNG bongrenhe reuisdre bening St 114 e b

condui ts 774bob@ﬂ2@h§d@%@ﬁbeﬂh@r6é€é?@@tdil%e6?\4 provide a passageway f0r
ect to the heat trace sect

the lead wires ( i

The outer casi nggb%ﬂgﬁq xg l:(':"I 3 i HiFe retigive nheating gelement Scag% ‘?rﬁte
Wi th It he hihrtgj&tra:lawremirmc%a&oca‘ pdve s@h&ielh(namﬁwms thf@Zgheuedd %.g}és 18hiagh
are al so sho S t he hinge e nt s .

ot o or abl v (HBWDd FSF” i Agns S v chodn "R ebed Shineinione
hgldes 731I l(I-T:logwhne 133»8)f0|0éasteh®c |a$telldt|omaﬁbeembvaggﬁ r’::@ Eemath @slﬂeﬁﬁ)ﬁo As
Additionally, the co s 774 extend.thro i i nge elene 6
e shown 1 o S5t VB8 Feleterfd befk o6 g 28y e cebie bERRac T fas
heat trace dedtdeclrad BAtenforsd ¢4Gtbhd crimpe 142 fuyeleireabodreedtitn taniee lead
di sposed on an qéaen5|on 779 as shown, wherein the extension 779

functions asv'&>strain relief for the Iead W res.
[00102] Referring now to FIGS. 30-33, the carrier members 112 and

resistive heating elements 114 are now illustrated and described in greater detail.
As shown, each carrier member 112 defines an inner periphery surface 140 and
an outer receiving portion 142. The inner periphery surfaces 140 of the carrier

members 112 are adapted for close proximity with a heating target 12 {(FIG. 33)
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[ 0088] The outer casings 756 al so preferably include standoffs 780
extending fromtheir outer faces 782 as shown. These standoffs 780
functi on twocenteesss or position, the fitting heater asganszoidmsso
properly within the shell 700. WD 2010/ 080883PCT/ US2010/ 020330
[0089]In an alternate formof the outer casings 756, as illustrated
in Figure 21, a snap feature is enployed to securely connect each of
the two outer casings 756 to each other. (Only one outer casing 756

cormr s ses 11 SRaCHR, Rhs BeBh dehadLiFRE T ANFA obuod BErRRRLTR 7°
whi ch are pr@‘f‘@eralyl yarisferegr tal thy Heahmgadargett‘r? titnobuding ﬂfrro@srad@tﬂﬁG AsThe

ol atively (TA0 f ois, Sub P REEC e BRed biB0R 147 B 45y

relatively f transversé ac hown
bore 784 is dafigwdtiarhtcomgichdhe sharss dfthe hestngr@fget vildi ehichds al soduit i m

referably inte { n ore
56 (shown ity PhEal'el he RS bBleraTh % e ERUHERE
defi nes an imveavaalthathanyl rlenber 87 8¢1sh@mndjaemf@dyatlom of e magem@’ubherryd
portions 78 f [eTeTe ISV R not
shown) , thezﬁl{?@g@%ﬁéél at ﬁéeg?%{é/eg tfoﬁé;%tg [ nm%ﬁ'a}é}?@\/\% tﬁgg her
such t hat t hehifelrexiaiping withircthe scaBDofdhel prelsentidigsmsed- end portl ons 782
can traverse the h m?

782 enter the co 6n‘ﬁgrg oIgés%%%vgﬁéﬁpégﬁ% e Igf%'rﬁe g%dﬁmﬂ?ect ack
outwardly, dfeeiving ROrtignsy #4% earica dhes onfes repRjene Roneonsniet msg pseferablyer
787 to secur&n%gﬁemtf]eanf IR shafio bPORLBELve RectAp BleRleid 12, wbh

outer casings 7 eX|b e latches 780 are ected I nwar
t hrough t he 'Edhiﬁtf@ﬁnbéfeéh%@amﬁlslec'ﬁ!% 2% ghewer s $l&@e§1978@et r@awmhe

i nternal shoyyriisk 1@%91’@@%5@%&% d&HIoﬁE 1@@%rﬂ‘a§en%é@iaf‘e3émpbéﬁﬁ4@eand

pul l ed apart. It shoul under st ood hi s connecti nrgwew ce is

exenpl ary orﬂ“stere{ﬁt@‘r’c'%@a'('ﬁ et whighheéain H'(f @é\ﬂ"&é@eqﬂﬁg aleyeerds fl &4 within

casings 756 tH@)baﬁieWné?ﬁoe%fﬁHQY%dM&hblﬁy IR PASROE MebERY BlekBAtsSPPSeOf
t he present disclosure. I't should be understood that

the exenpl ar%”%’ﬁﬁ@@ttﬁrthﬁs%‘@%lfiﬁfB% ¥<he 1quipstTeaRivng Aedionastési plethe

herein is C%fm@uﬁ@ﬁbér@manméb@mww.eam@rm&%m@mwnﬁévtﬁbsrlésoitneécﬂ@t
system and that the georretr eat ur es of  t he connector assenbly

504 and its UaFNAREOT B%ﬁ%é?ﬁ%'vwgmow 48@;5‘8?1@% iRZfalatiop e %‘SHWE&%'Y on
enpl oyed W tthé Redidioe hastigtelsieitem 4 el beXAsEiled intofthd BarrieomBMBERI 12

assenbl 540 dapt for a nt over a T- ct

e Y e Tapahsn e Bierel ool Tl teriheRany st v fratinan,
way of e?aﬁmlmeﬁthH@IfMe?ntg sbaghapefof tthe h@@m@e?frgm %Sﬁﬂ@llwndﬂ?othe
coO onents u St e accor n ereror.e ecl Tl
oD ot TRt oy O bER he Piovita al oniy o4 Fasiuse Bralngcenead4
herei n shoulad mnbla E:Gnsst)r Leowidts ahi“embiyh gatriee netiRe 1dR, bheady eswet

? Ihzdpfzg(raﬁt c&?@&ﬁn&%ﬁée&g qq%}%/gyas t%g%%sé)%% %g’ Q'eilglvg]l']ea?n etmhe%li 11/9 g of

shown in FIG. 31. It should also be understood that more than two (2) sets of
carrier members 112 and resistive heating elements 114 may be employed while
remaining with the scope of the present disclosure. For example, three (3) sets
of carrier members 112 and resistive heating elements 114 may be disposed
around the target 12 while remaining within the scope of the present disclosure.
[00104] As further shown, the carrier members 112 define connecting
portions 150, which in this form are hinge elements such that the carrier
members 112 are hinged carrier members 112. More specifically, and with
reference to FIGS. 32 and 33, one of the carrier members 112 defines a
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assenblies 502 are "matched"” with the connector assenblies 504 to
achi eve even tenperatures across their interfaces. Mre specifically,
di fferent wowerodesssi ti es nay be required at the conneaicwusaseenizki es
504 versus the heat traces assenblies 502, and as such, different
power densities are contenplated for each. [0092]In yet another form
a reflective surface coating may be provided along the interior
surfaces 513 of the insulation jacket 512 and/or the shell nenbers

702 and 704 . . pO I e taQ,r t

xtert o surP RS REF B B R poTRL hoflsra el e e e geficent
conponents. @Guidr rmemeél ¢t defnesua cageudina tribnthopr Ehe lailgitydinasid 056 is
em ssivity e Jimy Wil YHE ondhol s % SARPLCorofiBed WTLANID EQkefl,
ot her |ow emiSSTVity nateriral app ' 64 y a va%or gep05| I'on~process,
by way of extatween & cartiemr mgmbarshi thirethisspaniculyr enabedimant. magedsdingly,
appl 1 ed et UERR LSy AU hedBed ol ARy URUEE HebfinP bichfitE 24 Plean be
materi al 26, Or cCover, at sufrounds € sem conducti ve pol ymer

mat eri al 24, movedcrelative td oe amotiegr softhattibe heater systere 142 can ba NEX6 eagiBee
Figures 3 a i L.on. of takd L Adts
term nol ogy) SAIAEERY orRASAaER hRD ofEE ADGRFBIETES Ll oPlitsr
heat transf egnembenseldd andgesistive haatiog eloaentsoti 459 capable hebengdighoset3.
[ 0093] Ref err;j j : i@ for

trace assen‘olrrw?és%ﬂﬁﬁ)ﬂgﬁ g(?g 2%%‘“82%& aI"Y'l;’I;1 ii[H% i (f?giltgﬁ\f)%?nrem Et? gﬁ%rg

nuner al 880.efitent hegt transiere lhshnrbby usddsiopdnat shashingedearrier mg@Rershat

| s adapted fOp BlARRMEN x%ﬁfﬁ!ﬁ?;d,énﬂeth%%ﬂiéirtcoﬁﬁectﬁadpﬁﬁ&%aﬁ5(5 "tR4tCare
section 884 secured to the carrier 882. In this enbodi nment, a

st andar d/ corheanteddnde %Hﬁedyt@@é@%b@mﬁ einarsadaeand CB@'eéFﬁﬁTWédW\ﬁﬂ%@ut
formng the mfhg tddanaPed bABIGES whfe F&ﬁaiﬁ@?‘ﬁgpﬁ;fth% 8B breben@s

previously illustrated an escri bed. Accor , e carrier
conpri ses arflisaaserg. ofdditiorah gxeramaryt HBRONHBENH 65 SUChsGpECERATGRSNIOYr v

to the conduir iildratah R0 Be @ FBMLOASBSTowhat extend around at
| east one half of the periphery of the conduit 13 as shown. The

carrier 882 furt HY08bnpdidenally, theceasdergmgpihers i rmagk baayoyided Wity

si zed to reqgieMRI ttesdtRat78t (ERGHh 88sHePI ?8-to BaGoPabiath AR SRUth&N
884 is then secured within this recesse er surface 888 bgﬁ&gg%@of

ssed u
a variety of2dRsgRkcomranest fizhmay b, dispesed g‘ gt thesfergst dg- she
press-fit ori7snappesipionided iMeny &8 2L izt iR bosskpbAtewlBthe dHage ofthei er
882 may |n§J6ude a feature to secure the heat trace sect

h ign 884, an
addi ti onal dUfRSoNANACER PMRAETE FNA YS9 BOIReRF IR T%B%P"ﬂd%sfée&ﬁ‘&eﬂghe
heat trace sfgig ®hediig tamet he aparifsi @impdBents Withadt @SHESdpaeateEiMdibiausls ed

t the heat t t] 888 wi t hj h i 882
oEner 1 nee A e 1255 HU RS P e Ero RS
made of a naidEceal catwdhedt @ ithhdduNThd raSses OPPEay Siso de conslvieti tve
pol ymer so_that thg heﬂt gen rated fromthﬁ heat. trace @ectti on 884
can be effi A%ERTINGIRELISTBFALYS ¢ 5RIOLS cBhddiie" 19scpte JRJERtgnpdneans
gnder _s'lcoogdhtimpdrhled imm:lhlml tat iheatey layzk@‘nsi 1 _G,SShLmP @gitlmhﬁl (%isdtldéetjsm cademdingnd
escri be rein may..al sQ. e ed W, i race asse
550 wini 1o r il APRESUR B N LRt bt St TRt VS S SRR o
t hough such hasdekmatricompojaekbérsindryaeiacdncepits entiréty. i | | ustrat ed and
d i bed with thj di t, R i to Ei 26 d
J6b. alternate r HONREDTRERIRLY, FEY R 58] BOboTid 5.4 HogBray def e
i ndi cat ed byllustéiedearciegenenatyaindic8@d abya refler88&b numesgb @301 vas whows, thhown
in Fi 6 i fi : f 88
e Jon oo dbat 0 SEhebEP - LG BB RO R BB SRS
heat trace deztdngtn &84divididleresistiveclbaljegmisimants Rt pecocwdidgly, fmore than
i dh t f ' i ; . .
P v B Bhe A ekt O AR B8R AERAEaBRERE 20 BERAR A s

of the present disclosure. It should be understood that such variations for the

21



[0096] In other forns of the present disclosure, various "indication"
means are contenpl ated, wherein the state or condition of the heater
system i s wodhnaseds and can be nmonitored from the out simE/US2010/620330
environnment. For exanple, light emtting diodes (LEDs) nay be placed
along the heat trace assenblies at strategic |locations to indicate
whet her or not the systemis operational. The LEDs may be pl aced
Wi t hin individual sections of the heat trace assenblies or

anot hor exartii REERCoEl e EQluEBRE her Bua Bb RehPg TR BBseft
exterior surdisdesreotnd tfmssbstseemﬂoesigipps Iaedt)nemtatncmsam‘SMmesmembers

connect or as%s |ﬂ$’4t|la%%; aﬁdodé[s@ﬁ%,eﬁ Seih QﬂalL ﬁ&rb%rc%hgﬁdfe[dogs lmﬁﬁi%éts%gbé%f

certain | ocation Nerfoehrom ¢ a Ives
enpl oyed wi tthemresentdisclosuesi n systens for use W|th| n by way of

exanpl e, the insx%(fl gRlei% @Flé@rf’/‘a?@ra éjété} BiidTover

sensors may be e thée sys era ﬁ*dl cations
at desired Iiadlkistretmi arzed aagprwlst Indicataty by hefetempenmanaleS%IbnsTmeshemr

tenperature @%%H 9&0 cHn ont gén‘g,Lp? t)}“aidﬁi'h éc?ggrrlhp nwé?ss?@’% g?é{f?%usly

"indication" ‘means are scope
present di sciepduiite alqngoaitt] Rafusality r@@ hta@t traceSeciiqns2b14 anthead éitingy diem

in accor danc&n\%‘htﬁgnetﬁ% Rd IIIVHFIB|C%§SF3; Bﬁﬁ éﬁ%‘Fe&eqiSféQld Uéé%i drdund at

illustrated a 'y 1'ndi cat erence numera
General |y, t|h@Sth9eE@f§¢ﬂ WﬁﬁeWﬂQQd)CﬁfélerF@ﬁéﬁdﬂ%ﬂﬂ@ﬂE heﬁtﬁr@&t&ua@gﬂons

conponent s i y4SgHd gggmt&oeﬁﬂqg%tnguy%xa HAD 138 0% BbRCH R

punpl i nes, as described in copen lication Seri al .
11/ 520, 130 formg. teeifirsheryer 842 ﬁé@tcblan ®ReN CQMQF e¥t ﬁﬁeéléﬁﬁ?rﬂeﬁcr ibed
assigned wi tij pé'é@erwegaﬂ%;wappl ication and the contents of which are
i ncor por at ed hereln reference in their entirety. It should be
under st ood, howe{@H 08{ hake e9ONH SaYI324ys fesigneddo sscamodale Hitingr6n,

including itegr H%Mréﬂt‘ﬁoﬂ‘fﬁt"r‘[ﬁé tHaﬁlsrb?ésén't Eloh@%é Iﬁba‘ilHﬁ*Paréél PPPAd i R
andcanbeerrplo I n_any ?lcatlonto which a tar etlstobe

heat ed, and 3658 Pq%er §berﬁ eshior getaghabieplacerent %Qwe%ét?%aéwto(@ns
3 hou: d not b thensigd eueﬁarﬁér ﬂnembbtslnmz Bfd &ﬁé)lh@apfraéd'lg?cﬂ'b%elﬁﬁ Moret

| SCl Osure. own nore cle e nhealer, system
110 conpris eﬁ'?f);"éir%ﬂq wih @Fefeaqer'io(ﬁ n’%ﬁ%éP% 3%1"?‘3&%0’5] ‘%96’??%% n%]eng
p: ural lt t ylizfofne%l fiiblecaritedtinipiige € LRBERIBDS méccoﬁhﬁoda@@th&tﬂttm maol thét
el enents |

is form t he res t osure are heat .trace
Sect ons. wineheaias ysBib gl Ga e roal. BEpTsh O ARl En e HeMeun.
Al t hough t Wthez@ifig lt@@enﬁzbew.adméﬂal@n%d \$QcErel bR arTdi ﬂmhéESjoﬁ'tphy& a
heati ng elegpgts 114 ar e illug te it sh d be under st ood, t hat

any nunber EQ{PQP@C ARRDe PR 17 BUis Jim 8PS 1390 10 38R 6 O PRAPRA C8Ver 1 4
may be enpl 3gadareimd her legaterngy8rBRMN Nn thefosrdagzeshaliwnt lreer@paes enge (3)

snaps 330 disposed at end portions 332 of tabs 334 extending from a central
portion 336 of the second cover 324. It should be understood that any number of
snaps 330 or fastening mechanisms can be used while remaining within the
scope of the present disclosure. Other fastening mechanisms may include, by
way of example, Velcro®, magnetic elements, lacing, latches, and straps. It
should be understood that other forms of fastening mechanisms are to be
construed as falling within the scope of the present disclosure.

[00109] As further shown, the second cover 324 comprises an outer
jacket 338 and an inner insulating member 340. The outer jacket 338 in one form
is a silicone rubber material, and the inner insulating member 340 is also a
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di sclosure. End fittings 116 are di sposed proxinmate end portions 118
of the carrier nenbers 112 and end portions 120 of the resistive
heati ng el eowenimwsdskd. In one form the end fittings 1lGcramoioneos3o
external shells 122 and internal shields 124, which are described in
greater detail bel ow [ 0099] A two-piece cover 126 is disposed
around the carrier nmenbers 112 and the resistive heating el enents
114, and the cover 126 is secured to the end fittings 116. Al though
t he cover 12 t S ec 6

al ternat el y |I|éo§lesru) 3 rﬁeﬁg@%e%otpgﬁhw 0% %ofogr'necgss de‘grp%?& (Pﬁe/ %E)er?}%hdee%y
confi gur at i opegowas thid rfcmam rraatedalaiwdndreeycrhebeubformedoqgeachorrgno.dla& varymg

Application -
Whl l e remai n%%r Ef'érjs){ f’%étﬁé égp’oafnrdtthbe'eﬁllree%%ﬂ%J aﬁ?sc'_‘ﬁ@sﬁértgﬁ e cover
126 gener al Ilyerelun@meoeiys exemplatyznd shiogldhedbe gongirurteas linytinghtbersespasoi ve
heating ele t he heater system 110 so that nore heat
is direct ednﬁgtpf%sqaﬁﬁd&'éé%%not shown) and heat | osses to the outside
envi ronnent are [AHAOEd Thesecnpdapeeratddon secured to me(ﬁm@pwﬂﬁ&he'mgan
system 110 LR ey 3 d
around at lg%@;éﬁ@”@%%&%ﬁ %ﬁﬁﬁh@ @g?rl era{rrrtﬁan%e&s?c% to c Bﬁé&
carrier rrenb’élt%nﬁqlz, e denend ¢rver 324 st notwhisically ettachedrterthe Btacmﬂrcm/@rd
and describ | I
menber 132 ?%4&%309%?@%@&1 Q@%’tib bgtl %gé{ggﬁqﬁ?%g%{%y%n@migﬁﬂp ﬂieénéso(\)/fer
126 and the thahgéilngtf@rgﬁtb%l hdetggierdgd v tetlirg sovey 378tand sanfigused to
resistive heﬁrta'p%om‘ﬁ'{oefﬁ’érﬂn§ge%llélarﬁ?é}%értﬁﬁer%01‘49ranjdztﬁe%agﬁéﬁé sogdnd 114,
greater detail bel ow As further sh e resistive
heati ng el entBAE8CONELONRIe324 '%@P‘Ffﬁ&‘tﬁly gnaeg R uith dhe first eovpLIvd anslafiepted
(not shown) bero%%Haﬂyléaﬂac\,’énﬁé?ﬁ ih3dccdriamBO WAt thd kéachhfs ¥Mireh piddemne
form have connectors di sposed at their end portions 138 for ease
of instal | atfieHrsa rem)val of the heater system 110. As such, and
with reference basq14p Eb@rr|r%91oma¢|essu@hmﬁe bBSRcbD&F tBé AEBHIE Sedokd

i ncl ude | ead extensions 140 and crinps 142 for electrical connection
to the | ead SAVPes24 83 set forth appy®) (Fopxterded o g GROREEIBT BPEELIBE04HS

the carrier grenbais sbil ZorBNgFIGSSi 5L23)e h@aéhdir@n eéremtaﬁoaljéc@t mow
illustrated and descri Bﬁﬂ%ﬁt reater det rrj

rember 112 dUfROSES 2Lgyn st 3oe Dl P I
receiving ﬁgrﬁel mﬂ%ﬁ&w Jélaagt Ba(meﬁ aner fd@rlnersya S‘léﬁ(fb&aCemcoh%?anei h%ttenal,
Carrler ne ers are a or OSe roxl W atl n
Carget 12 (FPEPSE) SR Bt ot e BT Rttt b6 .o Pt

L esi stive haﬂsma}gnednemlaeﬁgsssﬂ%hloaeefﬁfm Caéérﬁlllc)tné rrawtsé‘rabamd ahe mb;e be

eatlng t ar get I hCl U ro radil atl.on

oot MY Sitrohed | B sPOroll foh ot oospar iy o el el el gt *12.
com;I i gur at i oxdditionatiyt, ¢He ihiteathdpeked850 e ohpateg fastntgtmdchanishi, @hichs a
conduit in an atlon eat er tem 110, L.t
Shoal'd beuiASEFERRSY Srdlie. G hbda e iiali ke ERE e rltng

configurati mmtanfassdmolyﬁﬁm periphery surfaces 140 may be errpl oyed to

acconmodat e @ Vaidei,ohs Al 19 FIGS 98k 55 Mhde IR M LiLA e

scope of the prese i sti
el enent s 1l4liastretedi spdaeeadrally tridlaatetdl‘by retﬁrmcerremmrailaﬁg ﬂ'dnetheatm sEst@m

and the out el rt| 2 are y ured t
conform to. (18 ERPEEOR BRY 8 Beal e rEul fef arlnidne e erce,
t hi s form ardisposed atﬂraaerﬁﬂheseeatl toate, se@horﬁﬂﬁﬁvrandﬁassmh deiEi:nguncember
recei ving pogdi ng e 44 .

i nt er nedi at ce%?u%%§ [15 61%238@ td %eo]ﬂ% f’i{ngﬁgg'ﬁqq eﬁ@e&gﬁ %dja(%ﬁli E%e h%?tai n
t he resi sti vmchesdctioy 38Rendhe sfirdtldndvisebon iriselatiag n'm&mbererﬂﬁér sSedlare

Addi L1 onal | ookl f S3LELNELPBL LGB RLS, bt AL o88 o1 BRblre 1O

t he shape detriné <) ou €r receivin portlons e cafrier
one form, the first and second insulating members 364, 366 are a flexible silicone
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| ongi tudi nal protrusion 152 having an internal channel 154, and the
adj acent carrier nmenber 112 defines a longitudinal rib 156. The

| ongi t udi MsiD 2010le8®B3H | s di sposed within the channel 154Cx8Isg#104203300
provi de a rotatable connection between the carrier nenbers 112 in
this particular enbodi nment. Accordingly, each set of carrier nenbers
112 and resistive heating elements 114 can be noved relative to one
anot her so that the heater system 112 can be nore easily installed
onto. and 1 eHKES H4EMIA ERLEN bfARon AUULIGORR! bifer VB8 SChSuRhg
carrier nmenbers 1 and resIstiv re capa 8
bei ng di sposeatefials ohels be gpIayat while oemwemlealthlrn@wa aﬁgr@t owftehprteﬁent
rel ative novegendt 40 m;g

under st ood tcﬁat tFlJ Admngtlggﬁér?g%%%d ﬁ%@igﬁﬁ enr;g%res exéga ?ﬁgle
and that ot Héﬂflzédmﬁé'@hﬁfﬁ‘gafmﬂ'ﬂﬁtﬁf@ﬁsOfJ.tB@pteﬁafﬂt digciostiegafatesr than he t‘@@&@r ed
to at |east QaeLak agqég%tg?ﬁg,te,rparrl er menber 112 and a heating

target may be e e remaining within the scope of the
present disclosu @11ﬁhdRﬁfﬁUW@I N &prbilaPy 4@riBotiiententer sistenyS§0 as set

connecting REAk i#BBFe JrSSer%ToffeH |\ it %a&d?fétréa%ndé‘d%%tédb%(ﬂ d!ébeﬁ’fe%@fa%und
detail bel ow. Additionally, the carrier nbers
be provi ded V@Xing Bﬂ@@?tﬁ%ﬁ of adeatinkstarged. (Mors\aresitealsdd hPﬁtebF’%ﬁ’mti’gO

accommodat e c%nfdntsés agth@fmé?t.mﬂat@m ,mnts?g%ﬁgﬂ@ng d B@ay BRY d@ﬁmng an
di sposed al ongqt e target . The 'recesses E;)row ed 1n any

shape or si Zatqrygl Q?@rqﬂésﬂﬁ‘d%&’ Wallt3{Stwild atipastons p@qlfsw G disrpged @long

adj acent conRe Ml wahBF8t hisee aisp, PG oK arhd BhcdpRUBRY Hebéng @lenfrt, edid
al ong a heati n%rt arget 12 and its conponents without using separate,

i ndi vi dual é‘VSt?r@na@@r i§ disposey WB'E"Hé'F'SQB%'@lt aPP §s geawyynedrt B8 to

accommodat e dolér 383 i aRPbscIHIBIAAE thePhal ihdliatid8Jackd®7 2 ecesses 178 nay
al so be enpl oyed t(ﬁa%(r:commd te tenperature sensors qr_other discrete

i ndi cation meansl9 pbBr et the Hefhd RBuetan BpiGteif2is @ PEiRMeds

those di scl afiegné mb@@mammgehélsxxdéiﬂbhal pthb @overeysRah oMNoforrhid 526xiBI80,
titled "Mdul ar alt)er S%élf T V\:n E_%s been 'ncorBorat ed, herein
by ref er encélCANG '4ORGT: MAEfigl As Showiy, 195 FOYELs 2 CAYPHFSFP Ga58RINIy o
anot her for nm@dhaa:shxeameh ay‘sheum 8%4 inl thisstorrat tedseamnd the heatal kystem 370

i ndi cat ed by r ce n eat er  syst 30
el udes o ot Fgatnd s te. Tk gtk 35y bE RGN BRITED F2
| ength of i nﬂermaﬂlmahlati@sjasket\%z M@airopxg pdoement. slt%Bduld Aemodeistmgbyhat
nore t han on(ﬁ?] aL L] nF e threS| stive {li ln&)@el ene t 4 1is
provi ded i n ¥M's% 579 St H%S’Bf*é)é ent ol §'?;"1p853‘r’°é’ SR rBB”S &
under st ood tdeatforttuabovermay ibensemployed lndnile camaingtg withibeths sdoak | ofbibe
construed as i Lthin the scope of the present disclosure and

t hus t he sp@é?%ng&gﬁﬂg%@g and orientations of the carrier nenbers as
illustrated and [{9d4¢5) basl funibeeshovsh did thaonaltmutaunswdsebmé_scdnipﬁsm Ag
5730, & hed? e BefIENe  ABhaRkhBstorsysm 7010 Bt rRERL LEBICLob =
general ly i rmmcramededo@vomeaf lmaeng@rgetnﬁ\ﬂabomotheth@nmhi@elati@ngcleehﬁz0
conprises a al i r S V%:&Hﬁd set
forth, al ongcgvh'n}bbﬁééaé)érﬁieaﬁﬁgﬂsfﬁﬁé t‘ﬁttpg'ggglﬁ{gstﬁgg?ﬁgﬁl s éé{ry
fittings 1l16ermidbatheigebinsilgtion jackdi\diiiig cooedrio cosiph rcr@suraamrer gft the
cover 322 di ound At r

renber s 112 AT RORCHEC R NG RRing AR hedh Heddity Jaddferadhe) %5,
oper at i vel y staightjedtalp oh aties rolygenal cxs\selinegioshapes whike réraaining Hisint e s t

cover 322 i Wl d cover 324 is flexible as descri bed
in greater %g{)%(?{)ﬂgee?%\%?ﬁt%&%%mogig( The second cover 324 is

desi gned to accol@d6k eRefetringt tonglCER6+Y end H0plyet ghethgr rmf oft 8| hegier
that is pre%?é‘&émalno &o?&%%g@%ﬂfhﬁ% br%& t giddosufS 1§Hfa§tratéé‘%n%e§é?{é¢auy
s a eta | e

cover 324 i a te for cerrent around at
mdrcated by reference numeral 390 The heater system 390 is similar to the
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[ 00110] The second cover 324 is secured to the first cover 322 using
an adhesive material, although other attachnent nechani sns may be
used. Al tewpabmlogysst he second cover 324 is not physi calHgratéaobssh t o
t he second cover 324 and is instead | ocated by the fastening
mechani snms and by conponents of the heating target 12. Wth being
secured to the first cover 322 and configured to wap around the

hi nged carrier nenbers 112 and the heat trace sections 114, the
second cover ' nd
adapted for EA EERESAT Mol i ARSI 00 i 10 Grcopli ePY Sonitous s
t he present ftlixidg g@wé% is dispof@DarbLpd fef eariehgenmbers b1 Fa@EhediOvate,

t he concept e r i
extended to c&&%(}g#;f{egr?%h? 213321 %ﬁ&q'oéoryﬁ ’E%ﬁglr&e@%o%?%” of tﬁgﬁ?%ﬁ%ﬁ?ﬁ%%
14-23) . As dtievipyshadeseibetat More pmﬂf@allﬁabeIf@xwlesp@@ecsgar@mmmnseﬁ@n
fitting heat (; 1 :

i nsul ati on J(@Jéi@?é%@%bh’ﬁ%é%g @ﬁ)e?%s?@é?a eXIéb 6968I ﬁpé%grlé%%%%94 n
materi al, coMnsrioEN Figa aificanst rebb?ran&temalm e dnrien insulating olembegn3%eatser s
354. The inngg b”sﬁIébﬁé L e RIERG P .r?*% {0 {3k ﬁé%e?fo!rth%? III;II%ber
foam and nma %e pre orrreg to conformto varying geonetries o
heating tar geemipatepgldpim aielbeypreionaed ks acaennendaiearaeing Isometies of a
conpri ses a {aghs Mg, mn@eltﬁ@hhm &Y b&hfbbr'faﬁorf 9§ gh n Rerdifi ﬁé@l

secure the insulation jacket 350 around th eat er assenb
750. [empiary A8dsHheud 1ot i cnstugd as lirgiag H@? seenePbiheapissatter

system i s ildistidstuad. e Adamens9Neadius Youtdifd 9@% Wt@ﬂé@l@%@@%@uﬁﬁﬁ 2k
360. The heatergeﬁ/stem 360 conprises at | east one heat trace section

362, a firstPrPYidefl 8% PigyioHBiiSEt 08B4NAIrdYyde @gcyaMaginvaning srometiesefe

section 362 th@ngatﬁ\]gq%gpgu(gm@gjﬁ@ﬁqmg sggnber 366 di sposed opposite the
first insulating nenb 364 and adj acent the heat trace section 362.

The first and sem:l(‘!ﬂ n?l‘ﬁ Aleiklp FOMBe 392 3154 2lsg6 Broyided s with r @ dfapisniBgc h

]9t her ?Ed ?ﬂﬁ@({?ﬁﬁisgi %stm@\gm s?tﬁ?ﬁl& in el fBFn %ggleagrgggmvmcldsmﬁnasbl
orm e Irs an secqan I nsul,atl n rs are a exil e
silicone r(HBYP: WEIRFEUNI MeEhanigiy| gs gﬁﬁé“roé%%"d't SHBVIE Pendergipod

ot hﬁr tyﬁes tR&t dtﬁ‘é?dés%inlﬁg)mﬁﬁﬁai‘mnﬁ?é Sutiﬂ%fs mes@gﬁg@uaﬂ swerFItwhér@mftam 89
within the e esent 1 scl osur 1t1Qn e Tl

o second Rutnstied 58 bRE e M epsroRS o Fin aogit Pk B MeKbS
ancrar% her for rnlo?ér 3dran @g@ﬁ@nﬁs@esmﬁ@wm ,enddittirge 1t Bandtimendther fo@) may
menbers as | stra er 1 errln wto Fl .
e pe bty et B s, 16, Ap 5PCH e 3600F ol d B AR ahEN
(r:]ons_tructl orengdget with fhmrermf Iﬁttregxen” tﬁaa'rdoaﬁmdh tedaoly tetgcrpdnebdcansnt afound
eat|ng tar . S LTIl Ca a eat r ses a
Ther ) | o Sieshf ePuRR s SR sarfel e s ot2 59und Bef R S2RTo08 o1
wal | 376 andi1dn Admmcmamnhe%&bm cdveatsgﬂesasatiamae foddtethaBROpldcepated

I th 7 El I
heat 'ng ol enbaind Bressd ot T8 B st At rsrdEs T ERP INThEL thseicer
380 as showseckanst hir mith ehe auseoofefas@8idgi mechamzness ccubouts) rechdt iee flekiele mal
i nsul ati on jn% t 372. [00114] In one form the thernal
insulation jackét 372 is a prefornmed silicone rubber foam material.
Addi tional |y, thEO0db8lerAlB8Rgh nthenabbom-dedcsbed f hastdrblsestsinki bavee hregbber

t I h

e RN ark B RS PR SRR LR 57 S TERARL S
around a hedtacageable; geshaud bbhendmosteod 382 othgr bfeeacmdsaaIml gonbonalied t o
the th I t b
Under st ood tdﬁ%%% He%‘t‘ Ttriaéifg %Eﬂile %Z%st @Bor%%@%oﬁ!aé%ﬁﬁﬁﬂ&d whlie ?&%hﬂgag
Vel cro(r) orWI@IreHan&cmpasafglee pfemenhdla@lgwe nayebier &mgl sjwboaa/\amogmer
Il 19, el of NPy ERRGA nddih, RRERG UGl S Sl RRHILE. construed AOBLAG!

As further rmal 1 nsal acket
within the scope of the present disclosure. It should also be understood that
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heat er system 320 shown in FIGS. 37-39, with the exception that a
continuous, flexible cover 392 is disposed around the carrier nenbers
112 and hewao Z10asasssecti ons 114, rather than a porti on HEVIRZoM0gI360
and a portion being flexible as previously described. Mre
specifically, the flexible cover 392 conprises an outer jacket 394
and an inner insulating nenbers 396. The outer jacket 394 in one form
is a silicone rubber material, and the inner insulating menbers 396
are also a s

A L e T U Rt
varyi ng geonas sétefortbfheseineady bg enmfcg/eti whaJBoretﬂaumg véhisHbp ecaped of the
configurati er : e
construed as&ﬁgénqtﬁ%é&tu%e E(l?geye(g%ﬁst ﬁih&rres%%sah%gcqguc@g%o%ﬁ% (?r
Addi ti onal | yAema$l‘f’cﬂmOngthSs 398 in the flexi bl e cover 392 may be

rovi ded as previ 10
geomet ries o1l‘o t h(!.;&*:u|I ﬁrﬁé tCI égcrr&)non b]nth% otS%Fé @q’ﬁ?g é;%b@'la\‘?ﬂyhé’{gre
[00117] The dridexhis, a@atms B@Q dosnetl erépﬁr Goindthe gist Iof dhd aliscloaunegare
mechani sm i r f
di scl osure. qﬁ\tse%ﬁalioo?é Wthrﬁfel ge tsgnﬁ biclor thQ ﬁjls'ts"(r&ﬁ P%s&ser)l(tg ?IGDBI%SE%H\%“VV&
it shoul d bedaliiorsr weeoel vsest fomtth@meahﬁﬁ@mﬁﬁ@ponédh@nbgrm semiedndastive
those previ %éﬂe?/alsiﬁtor(%é?rté Relhes l é}fl&rgtgréjgr ‘HBE%&M?%@%@%‘ M&teri s0d .
wi thin the scope of t resen osure |'ex1 bl e cover in
one formis %@Edh%dem@erﬁ @n@tfrﬁgqlatﬁ@@@l@ wadnatarial it Fﬂifﬂerftbrroﬁﬂ'ﬁrﬁ_y
simply abut {agoefteh]. thhd‘l%aﬁ}ﬁhe ﬁ%r&ﬂﬁhsulét% J.faél@fé RE? qu"l’t@B wif4n! S
operatively engaged wth the end fittings 116 and
det achabl e m%e%ﬁﬁﬁ” aﬁ@)dw alﬁsti%a%@nyasn@@ew@ﬁoraﬁtrx He Ofﬁentj,é@roteézle theer
nenbers 112 paehd| hr@suhﬂ’@h Jéé}@%efr&%célérﬁé’&‘e ﬂréﬁh thé@%t%nﬂ@%ln?dhmén‘ﬂe Such

flexi ble cover 392 is adapted for detachabl P acenent around

| east a por tY2HAIYE & ﬁ@ohioﬁifeﬁ?gé@ﬁfhaéra depFHEresTam sheypRiritand scere Of thace
sections 1144aMddard he use of fastening nechani snms, cutouts, and its
fl exi bl e nature. [00118] Al though the above-descri bed heater
systens have been illustrated and detail ed as having a construction
simlar to a conventional heat trace cable, it should be understood
that other types of heater construction besides a heat trace cable
construction nmay al so be enployed while remaining within the scope of
the present disclosure. A heater type such as a polyner heater or a

| ayered filmheater, anong others, should be construed as being
within the scope of the present disclosure. It should al so be
understood that other materials for the insulation jackets and
covers besides the silicone rubber as set forth herein nay be

enpl oyed while remaining within the scope of the present disclosure.
For exanple, other materials may include a polyimde or Aerogel(r),
anong ot hers. [00119] The description of the disclosure is
nerely exenplary in nature and, thus, variations that do not depart
fromthe gist of the disclosure are intended to be within the scope
of the disclosure. For exanple, the conductive polymer material used
for the heat trace sections may be a sem -conductive material in
order to self-regulate tenperature or a non-sem -conductive materi al
such that tenperature is not regulated through the material but

rat her through a control system Additionally, the thermal insulation
jackets may be fitted with an external shell, e.g. rigid plastic, of
any shape or geonetry, in order to protect the thermal insulation

j ackets from danmage fromthe outside environnent. Such variations are
not to be regarded as a departure fromthe spirit and scope of the

di sclosure. CLAIMS Caiml1l A heater systemconprising: a plurality
of hinged carrier nenbers, each hinged carrier nenber defining an
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Claim 3 The heater systemaccording to Caim1l , wherein the second
cover is flexible and conprises a silicone rubber material. Claim4
The heater systemaccording to Caiml , wherein the second cover
further conprises a fastening nechanismto secure the second cover
around the hinged carrier nmenbers and the heat trace sections. Caim
5 The heater system according to Caim4, wherein the fastening
nmechani srﬁli%‘%dl ected fromthe group consisting of snaps, Velcro,
magnetic elenents, lacing, |latches, and straps. Claim®6. The heater
system acgordin oCaim1l, wherel n the second cover conprises

cﬁt outs t a%&o%"d’é?resﬁtﬁﬁ(fPlntBB‘é’&gpérRIPﬁﬂlﬂtJbe thirgeA Aty merbge: each
Claim?7. h'i?(’g@dhﬁﬁﬁﬁf mSbéL RAAGEO h iRfer gbrgmmd;ficurfoh@@nts&m@ra Sl G

t t I ted jo.the pluralit he
race. seltiEhatr oHsRCERALEE o HES ARBIY e Shp P oBEr Ly Ay r?é@t%?d
assenbly pgx:trqms,l thierhgnged chinidri mgmbeta pting removebiy engagektcljideat m@hs&;}ﬂ olsed
around t'ﬂgpgfeatcam& CaBLE! » LAIRN opg% 38 00l SRISE ARAUAL odilie

flttlngaater anlns | Spose roun |ng
heat er a§%€éms,/90repa$ Ph @em@eﬁ@an@w membam thedentiince seotiGiadefining end

wher ei n {hRionBs th@tfitBAgd AdpBLed §rc9m££t%><tﬂal Enc Iplonf;&fgeofr Hﬁb%fng@&it &hlig! -
Caim9. Th heatde a[nat em.accqr di pg Claim7, wherein

i nsul at i BJr‘Fnjﬁ“S ther éjrorté?ﬂ?ﬁflﬂé%geaé t%'aé% BRGHIoRE antesh SoHeE FHSPBSEd around
renovabl yit kasus @oithm dfrth‘u haiged ﬂaljr&,@ k@etmlair@uﬂ@l tm&EeaftltIratcb REctivBa BE first
assenbl ycoveg)e eat acc m 1 fur

conprisi ARG a TFr s ur? hg JF%{? ’i“ﬁétt adfeg %’&gf &° E’ﬁly Pagrdoft ][‘ﬁé*
heat tr aﬁestse‘cﬁtr |aud sdaptad fo tieexcbahie phsmattlamgmdmm@mt dipspeedtietiosid e

the fi rsgaﬂrﬂ§meﬂﬂe@m{m%a@%&e@& Gent each of the heat trace

sections, the first and seco i nsul ating nenbers being secured to
each other and encapsul ating the heat trace sections.

Claim 2. The heater system according to Claim 1, wherein the first cover is rigid and

the second cover is flexible.

Claim 3. The heater system according to Claim 1, wherein the second cover is flexible

and comprises a silicone rubber material.

Claim 4. The heater system according to Claim 1, wherein the second cover further
comprises a fastening mechanism to secure the second cover around the hinged carrier

members and the heat trace sections.

Claim 5. The heater system according to Claim 4, wherein the fastening mechanism is
selected from the group consisting of snaps, Velcro, magnetic elements, lacing, latches,

and straps.

Claim 6. The heater system according to Claim 1, wherein the second cover comprises

cutouts to accommodate a protruded portion of the heating target.

Claim 7. The heater system according to Claim 1 further comprising a connector
assembly operatively connected to the plurality of heat trace sections, the connector
assembly comprising: a fitting heater assembly comprising: a fitting adapter; a heat

trace section disposed around the fitting adapter; and an outer casing disposed around
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Claim1l. The heater system according to Claim 10, wherein the first
and second insulating nmenbers are a silicone rubber material. Caim
12. The heater system according to Caim 10, wherein the first and
second insul ating menbers are portions of a single-piece nmenber.
Caim13. A heater systemconprising: a plurality of hinged carrier
menbers, each hinged carrier nmenber defining an inner periphery
surface, thh f8tireradegeasi wpdgarporyulaion aavdeledebppesdt pomnsd thepfittingl heatenf
heat tra@@seﬁﬁﬁ§l ons di sposed within the outer receiving portl ons of

t he hinged carrier nenbers, the heat trace sections defining end
portions; end fittings di sposed proxi mate the end portions of the

hi nged Cﬂlatibﬁs 'ﬂEEl’Th&.’tSr sydterh Recoeditlg ROTA1AIGNS, RherlietHCiabulbtide facket is a
sections; Iesefﬁ(c over toi)zr atively engaged with the end fittings
and adapfﬂeﬁ1 8e?5% abl"8"Pt%cement around at |east a portion of the
hi nged carrier menbers and the heat trace sections. Claim14. The

heater syg{igrm. aﬁi‘é T8I %811%@0‘1-&%% r"re wﬂféahz? ﬁ]{? 1%%&19{1(% ]a%’ﬁ(& further

conprises a silicone ru nat er
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trace sections, the first and second insulating members being secured to each other and

encapsulating the heat trace sections.

Claim 11. The heater system according to Claim 10, wherein the first and second

insulating members are a silicone rubber material.

Claim 12, The heater system according to Claim 10, wherein the first and second

insulating members are portions of a single-piece member.

Claim 13. A heater system comprising’ a plurality of hinged carrier members, each
hinged carrier member defining an inner periphery surface, an outer receiving portion,
and end portions; a plurality of heat trace sections disposed within the outer receiving
portions of the hinged carrier members, the heat trace sections defining end portions;
end fittings disposed proximate the end portions of the hinged carrier members and the
end portions of the heat trace sections; a flexible cover operatively engaged with the end
fittings and adapted for detachable placement around at least a portion of the hinged

carrier members and the heat trace sections.

Claim 14. The heater system according to Claim 13, wherein the flexible cover

comprises a silicone rubber material.

Claim 15. The heater system according to Claim 13, wherein the flexible cover further

comprises a fastening mechanism to secure the flexible cover around the hinged carrier
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members and the heat trace sections.

Claim 16. The heater system according to Claim 15, wherein the fastening mechanism
is selected from the group consisting of snaps, Velero, magnetic elements, lacing, latches,

and straps.

Claim 17. The heater system according to Claim 13, wherein the flexible cover

comprises cutouts to accommodate a protruded portion of the heating target.
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