MODULAR HEATER SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application is a continuation-in-part of United States Patent Application
No. 11/5290280)0808s8] ed "Modul ar Heater Systens," fil ed ®oTSsptieneso 13,
2006, which is a continuation-in-part of United States Patent Application
No. 11/435,073, titled "Mdul ar Heater Systens,” filed on May 16, 2006,
which is a continuation-in-part of United States Patent Application No.
11/199, 832, titled "Mdul ar Heater Systens,"” filed on August 9, 2005. This

application is also a contin Lon- N f ited States Patent
Application No. 11/777, 709, mb@EAhM%ﬁw System™" filed on July
13, 2007. The disclosures of the above applications are incorporated herein

by reference. FIELD [38002 The present disclosure relates generally to
el ectric heaters for GRQS IREFEE[%N(PI%JO BEHAWEPeA%F'WLFP@?Iy to electric

heaters for use OmﬂaS|TH‘§§p@li&§tl&Ul§pé EoRmustiétlingSart ByUMB StatexpaRhe.
sem conduct or processi ng(ég&stem; CKGROUND [ 0003] The statenents in this

section ner@pRjicaligsyNee’ é%,utﬁ@dl“MO@HW&HG@FPW%‘ISQVE%” filgd tomeSentembat
di scl osure %‘%O‘fﬁ@)’wﬂ%ﬁ |§%rk§)tn‘tlﬁb'étﬁ)ngﬁ'p%ﬁ (ﬁr@nlteheﬁgﬁs Iﬂg'{énlsNﬂﬂlchtléﬁ Nb! ui ds

such as oil wat er ers, froma sup g., an oil well
or a water 14439.083, rtlﬂeﬂé‘&’lﬂdﬂ@ﬁ Haegefs&eaterm " dilgsihor IMJ?IYdE6 t%DO@owdmht@ 2r the
like. Mai “t@dr@hﬂgno% Shie of u;‘uﬂé&%c}éfe%t IBS‘teH S&ﬁg@éatubheNé' H‘ﬁﬁ§9}é§éhgtrb& he
conduits is ten necessary, In a talnin

above a cer tl\/éndmlardﬂ%erasmtemsprfé@ctnnI/wguah9e2@@5 r |T¢n31e|amlezat|®mlst aleofa)r m of a

cable or éoe}r?ﬁﬂ?tl%rﬁoﬁgbart of %Itg tSt tﬁﬁ?kgh[{%@n NG S /ﬁg??pby t;':es fluids.

around t he ton rOV|de s and
Addi tional | §Modutw |'¢EEB1€i’USY$emﬁCfI|¢d’len hkaama r200¢s Eheedisclostreres tiiripbovended by
a thernal |ns 6 ti onq_éacket t.o,reduc 0ss to the surrounding

envi r onnment? g{comog%tgd@g[ﬁ %Eyée%aregcﬁopul ar neans for heating such

fluid conduits due to their relative si rrpl icity and |l ow cost. Generally,
heat trace cables are di sposed al ong | ength of the conduits or wapped
around the conduitsand are fastened a qul ar intervals wth bands,

retaining strapgoes2]anyrHet pekent 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 around the conduits



suitable fasteners, as shown in U S. Patent No. 5,294,780 to Montierth et
al., US. Patent No. 5,086,836 to Barth et al., U S. Patent No. 4,791 ,277
to Monti ewOlosvoseds3, U.S. Patent No. 4,152,577 to Leavi mes/uskdi®o2dat ent No.
4,123,837 to Honer, U S. Patent No. 3,971 ,416 to Johnson, and U.S. Patent
Rei ssue No. 29,332 to Bilbro. Fastening heat trace cables to the pipe or
conduit has proven to be tinme consum ng and burdensone, particularly for
repl acenent of utility lines and continuous nanufacturing processes, anong

ot hers, where, ti is of the essence 006] .To expedite the replacenent of
oty 11 oty Tesldhediat BT GROGSIs, N Debi oG uph gF -4 ufS

heat - t [ acegbmtiapl@, fa‘?/(@bﬁii, ﬂasasmivﬁﬂrt q.@ePﬁt@at N@i 5?29143%110 {0 Roatier@n@t al.,

connect or r ctrijc caonnectjn e race r source are
cured and iﬁtsegjraszrltﬁof grd@é@%&?%@a&cﬁt’aﬁd& ﬁ%ﬁ&@?'i”@%&béfé%ﬁ@” for
replaci ng ag &l dulg. pratahi 8es 4, MR 37 thisanned abIS. adtest Ropa, savesy &onme time
wWth respect to replacenent of utility lines, it requires a customade
heat - £ 1 acod@gs, Uthdraingt NacPeXdidls Undeuiphnped iUSeRetny Reiswe NAd

manuf act ur i pg3e9 e BrO! PARBARgHRaE facetdUMARY tEQ?F&E]or'cBn@tm?hés%r'&/e@tdwat er
systemis provided that conprises a plurality of hinged carrier nenbers,

each hi ngedoe Himei eansi@riseanddnidenagManPaiaeiay & shleement phedlty Bresout er
recel ving pﬁﬁ E&E’t'nu@ﬂg rﬁ%f@&ﬂrﬁdﬂoﬁﬁ)ce@’s&!, lﬁrﬁédgt YthBfs, h/?r?éregfrﬁé;% BEHld ons are

di sposed w e outer recei g portirons of the hinged carrier nenbers,
the heat tressenescti ons defining end portions. End fittings are di sposed

proximat e the efoR! iNsxGlaENheltgRRAS P IRE, S, A1 bAbe RN

portions of the trace sections. Irst cover Is disposed arouhd at
| east a por&.vea200 prhpodesngepredabnidadad mmeabacedapihet vehengiat a tpipe do dwct i ons,

the first cover belng.secured. t h fifti and a co oyer is
oper at | vel y R oo Bty R 5 epaddtlerat elahlioal et dRR aff
pl acement aas qowedradour@aste gumar bhorintefrdllhefolrmed) edfaranignd andenbatsriethd t he
heat trace sections. [0008], I.n another. for a ter. systemis provided
that compr 12868 Tegsr anmaniBacin plckios dlben WER fis okEas8e Riftrenber
di sposed adjaneenrbrichndesth respect to replacement of utility lines, it requires a custom-

made heat-traced pipe, thereby increasing undesirable inventory space and

manufacturing and maintenance costs.

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

trace section, and a second insulating member disposed opposite the first



trace section, and a second insul ating nenber di sposed opposite the
firstinsulating nenber and adj acent the heat trace section. The first and
second i ns0l2ato/osgesaenbers are secured to each ot her andPemampsiloaizao t he
heat trace section. [0009] In yet another form a heater systemis provided
that conprises a thermal insulation jacket having a body defining an outer
wall and an inner wall, the body conprising at | east one pocket disposed

al ong the inner mall At |east one encapsul ated heating el ement is di sposed

wi thin the pocket encapsul at at el ement npt i ast one
heat trace 'B@@? %me etfqr aﬂ% (ﬁ ’ﬁqhﬂg‘ ﬁLﬁ%@? S&EE sgﬁeaflrffg (ﬂtse‘f heat
trace sectiipsulatifnRensReo Rk isowbatto gicheithar aftl spesRdlappes hbgt tree fir st

i nsul ati ng nenber and adj acent the heat trace section. The first and second
i nsul ating $iS4B%rs are secured to each other and encapsul ate the heat trace

section. A covernoge9]di SR9sEEnGhOUREM! B®chite siBter BHbAHEPthat @6KBtsed 0010]
In still another form a heater systemis provided that conprises a

plurality o ”}ﬁ”ﬁéb'as@a‘i'qu jBEketdyRMERR b%/cdﬁfﬁingg%o@arrwaléan%wrm. ni ng an

i nner peri pthért}bd?tﬁofrﬁﬁ@mgaél Iélé’ét%rnerd%%ﬁétleékas%ratld)rﬂj"'theﬁﬁﬁere\ﬁé'll PAf fdagns. A
plurality of heat trace Sections are disposed wth the outer receiving

portions ofOneheeniangedtegarhaading melemeand, is heispragd tW'Httfé tecthaskst. défd ni ng
end porti Onéncaﬁgﬂ nL'dtﬁéa'ﬂﬂ rﬁerQ' Pﬁ%&gpét%é © He{}é‘? t2ed sBefidd, fsef the

hinged carrie ers an rtrons o trace sections. A
flexible cdnewlailrsg oprmberi dl@pgswgd@eelntvmeh heafetren@i a‘actlm nged endeaeht ed for

det achabl e ; l{pg: 0 {
menber s andlﬂ%ﬂg%%eﬂegce sog'%g oﬁ%ﬁ&tf&ﬁifuﬁtﬂ% %'Hénﬁg&ggggg? %%E)efciel cability
wi || beconethagpat &ate sectiont h'Ehediustanqblsemnqomewlammjmqamtmirmarel seaihexiiad be
under st ood f hat d i f| xa es are i nt
pur poses ofé%% s??%ﬂ‘f%ﬁ !?? H‘& rgﬁaﬁl?rﬁ\ %rhdggcovg "5 cﬁmoste @(%Jpe of
t he presentthdltlserhmlmselatlﬁRjeEEeﬂDESCRI PTI ON CF THE DRAW NGS [ 0012] The
present disclos one rm fully, understood f.r t he detail ed
escript i on and 108acdBAREATPHE o mishic MEE] & irouds] el Gomprises o
schemati c va @wralhpwf mghgedecapiiert dmem@rﬂ,isa@hlmﬁgedotaraem@nhm degiaingtarace
assenbly to heated sem chnduct or gasl i.nes aq né)l i nes;
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 flexible cover is 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.
[0011] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples are intended for purposes of illustration only and are not

intended to limit the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The present disclosure will become more fully understood from

the detailed description and the accompanying drawings, wherein:



[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
cut away Wewowfosesspri or art heat trace cable; [0016] FI GCTAIS2G10420330
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 nodul ar heat
trace assenbly secured to a conduit systemin accordance with a first
enbodi ment of the present disclosure; [0018] FIG 6 is an expl oded

per spective vie th ul ar_heat .trace assenb FIG,. 5.in accordance
Rt h the 1 cacht tOLIHr B Srie Sedput L BECoERT G ond of Ine pamlostdr 5

per Spgct [ Vemtéﬂlﬁw I@éat&rab@@tssémlaw]?o Eﬁ@tbd @8mifontili €8¢ glg&liaad abd pomplitiagst ed in
accordance wit te ings of the present sclosure; [0020] FIG 8 is
e Cand view of IRSTAIeaIE B0 SeatiRerilse Gt OfrS ROk D NGEN 2o A ho
teachi ngs ofispdrRdrire@sfNg gasimel Ppurpiing;0021] FIG 9 is a perspective view of
a thermal insulation jacEet for a heated conduit constructed in accordance

with the teachi d881df tHE: priesk Rersrsiteoctipway [Visyo of apprigr arbheat B@csend vi ew
of a thermadgydisul ation jacket with an alternate pocket configuration and
constructed in accordance with the teachings of the present disclosure;
[0023] FIG 11 il80tblperdfedis §Erassencionadmismn éakenciondolinead-Bhefithaprior

i nsul ation t dg.conduit constructed in accordance with the
teachings o @ﬁﬁﬁ tré;cgscgﬁltehg?ggl osure; [0024] FIG 12 is a perspective view
of a still anot I{@017ﬂor 6t 5as teheersactivasigvwaof @rrnp@miaceheatdra® apsembdy condui t

construct edséyﬂré%uct%oef QARER < p‘streﬁw ihha%cla%%ﬁ@é AR aof[r &J.r%éﬁt;‘cﬁf tH% ﬁ%s%ﬁ“” €

[0025] FIG I'S a perspective view o et ano o m o
i nsul ati on {lisdéstref or a heat ed conduit construct ed in accordance with the

teachi ngs of t ngﬂf{éjsearEIGdbslscérQS I8(11éoop())er(g!)ectlv%;“we%/vllolJ tﬁe m&o%lar%%gg {ré/(?e view of

anot her enbodi
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;



nmodul ar heat trace assenbly constructed in accordance with the teachings of
the present disclosure; [0027] FIG 15 is another perspective view of the
nodul ar hweat2otwmesssassenbly of FIG 14 in accordance w PoTiUseow@®280 ngs of
the present disclosure; [0028] FIG 16 is an expl oded perspective view of

t he nodul ar heat trace assenbly of FIG 15 in accordance with the teachings
of the present disclosure; [0029] FIG 17 is a rear perspective view of a
connector assenbly in accordance vvith the t eachi ngs of the present

di scl osure; [00 s.an exp d erspective view of the_connector
assenbly in accaPtflce MRt H4 i B EXBRPHGE BEvE RE Spleerirtndeeblar & [ ooat)
FIG 19 is mopaat hedt tRes sReshblyeovbevted maedobtdanng witkahe tecRbbgaldf Yhe
constructed in e}ccordance with the teachings of the present disclosure;
[0032] FI G Pogerqtd Her partial perspective view of the fitting heater

assenbl y constrtaloozeﬁ lmlgcqgrlgmme\ﬁnaehsﬁdaﬁvé QRGNbNGR MbdliBe heaesasy
di scl osure; [0033 | G is a perspective view of an alternate

enbodi nent Qﬁseml?%i?ft':éﬁ &ﬂ@ FFORAANCRYVIA tBRgAchEGE & theapiaseyrisdastfad in
accordance wi th rhhgs)t egqli Ngsisodn b?&o@é@%@%pe@!w%cln‘é\?vuéﬁthe[ RRadibr Fe& 22 is
a perspective vi ew of a cover engaged wth a shell nenber and constructed
i n accor danftecenasserale afelléhi hydn cicceorslange é@ghﬁthlt%’quhwﬁr@f tHeooBBENFI G 23
is a side vig er the cover engaged with the shell nenber in accordance
with the teachings of the present disclosure; [0036] FIG 24 is a

per spectl ve vi eM0@29]andtiGed 7 figr anredr perépective wmeofassv@nbeqtomawaniaw a

carrier I chings of the present
di scl osur e ([%gu H&{t‘é\qhggea%ﬁﬁgé%ﬂh%ep ggédh e%&gogggeﬁl ve view of the heat
trace assenbly \.{Do3ﬂ]t heFIGar‘ra @ am eaplodediam&repmtw@ it ofedivhicogeeddr t he

present di sgl. a5t J09RBhoE LG 1RSRabRngloRRE VLW BscBE,Al ternate form of

[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;



constructed in accordance with the teachings of the present disclosure;
[0039] FIG 26b is an end view of another alternate formof a carrier

const r uctwo 20rv/me886r dance with the teachi ngs of the pregemusdisobasur e;
[0040] FIG 27 is a perspective view of a heater system constructed in
accordance with the principles of the present disclosure; [0041] FIG 28 is
an enl arged perspective view of a heater system constructed in accordance
with the principles of the present disclosure; [0042] FIG 29 is an

expl oded perspe b the heater s cted in accardance
L tra Det oPe b 1 'Rithe 26 il Enr i Lot e ipsnals B 58 4" Ggh ang
vi ew Sf hi n@ﬁ@’;}r@@t@d lnﬁécd&(ﬂéﬁ;@&mﬁ?ﬂeﬁeéw&tgstdfﬂﬁgpr%eiérﬁtlcmumr@t ructed in
accordance wt ri i pLes of the present scl osure 004 FIG 31
e T o SO 18, B S Permbet VBT he ot SIS sRpsrided I
construct ededc@r%@@ﬁnﬂlﬁﬁﬁ@pﬂhélﬂeéBﬁthl@rdré%rﬁbi%%lo@ﬁret he present disclosure;
[0045] FIG 32 is an ex end view of hinged carrier nenbers and heat

trace sections d80&Hru @d a8n'3a€'écﬁrﬁ%(ﬁ%‘é Rﬁrﬁﬂ?ci"i‘fé VigM 19EigpPE3IebSYBIRET pr esent
di scl osur e; .dRBA6kd i Scordarice vﬂtfﬂh@%ﬁhéﬁ%&'o@ﬂﬁ; préb& didciddupged carrier

nmenbers and heat trace sections rotated relative to each other around a
target in accord8fAd wiftle. 2Rds @n W'?ﬂ@sp@ﬁp@%@epﬂ%é)’ﬁttthlh%ieﬁs?MSfém [ 0047]

FIG 34 15 GRELEBAR bySARY Al HBLHAURIO Y B BHbsGATRORRDIS of the heater

system constructed 1 n accordance WI _ € princi p es Of the pr esent
di scl osur e' [ 0048043} GFIG53Dgs an et vieweoi ihgeheatieatneamissrstanch @ Ineakt r at i ng

a cover, é&”@?&!@e%ﬁst%@dg ”%c%?d?ﬁ‘éésxtvgiggg%r%?&%%%f%‘éogpeas%ﬁﬁ wth

t he pr|n0|p es o resen osure; I's a perspective
V|em1|IIustmam0mgenult|ple carrier nmenbers and a resistive heating el enent

construeted L0 68HCISE 4 gt DR DD LER e BRER SO -SG5
cover constsastivesiconstractedriol ancedandehwitthihepprinoipigsl of sheopret et qmmmm

di sclosure; [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;



[0051] FIG 38 is a cross-sectional view of the heater system illustrating
the cover accommopdating a fitting of a heating target in accordance with

t he princwpl2en/sissshe present di sclosure; [0052] FI G 39PC3/us201002083€ W of a
second, flexible cover constructed in accordance with the principles of the
present disclosure; [0053] FIG 40 is a perspective view of a connector
assenbly having a flexible insulation jacket constructed in accordance with
the principles of the present di sclosure; [0054] FIG 4 1is a perspective

view of the fle i.0 acket nfasten fromthe con

nssenbly in accaPiEdice Tk AouRa BN pf BBEprdexblBhie CansErast pt.

[0055] FI Gadbardamcammhqsepﬁﬁ@ple@pathe\preyérmtjust:peumonnector assenbly in
accordance with é&? Iﬁ% bes of the present di scl osur e; é ?‘6& FIG 43 is
a perspective vil@lpeds AP &% 2 DPRPSHIVRVIPH P @ FRIRECIOF 3seertll W9ghd

i nsul ati ng ASIBIEliSsUFaORt ?@Eéte@bdeﬂuaﬁaolhdééﬂbﬁd%cbhwﬁﬂﬂQh@rprrrh@Iplés%f ee the
present disclosure; [0057] FIG 44 is an exploded view of FIG 43 in

accor dance RPN t(#'fé?%uf%m pl es of the present disclosure; [0058] FIG 45 is

a cross-sectiongpoy4jew me. Mheush&%e?épe%t{ﬁé %l@v\%f 'ﬁteGﬂeﬁ@Ie' Rs@AGHAH GRIREE W th
the principles of the present disclosure; [O 46 Is a perspective

view of a hénfesiened Eomnthaicoprrder asseumhty & a,q@pm@@cwathﬂhg Pringigles ohtfe

constructe rﬁ%&@we with the principles of the present disclosure;
[ 0060] FI deﬁgel s a perspective view of the heater systemof FIG 46 having
its cover unfast[@0%a] |rFlﬁcéarld@n@r@swewonabwpvvuotdhplcesn@ﬁtort asseprdy ént

g: rSnC: gfu[g ?‘LC%F(@”% E{ltgthelgnbaplgs%f ?éﬁtt'di%%ﬁ)ler\‘@ ew of a heater system

I'n accor nce Wi e’ principles of the present
di scl osure; [0062056} GFI@94B8ss a qmsmpv:e view of @heatler aysieait avirgyatheat havi ng

gr ];lsg)r(]i b:jf siﬁ?c\ég&ﬁgﬁ)onn;?h tmes(LjJIatlng a%%%r ?sncc%n\é\f-racrteé hlﬁ B(r:(i:onrgarp | e%wt%f tttehe
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 principles of the present disclosure;

[0062] FIG. 49 is a perspective view of a heater system having a
flexible 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 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.



[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 dwechumsnss3 [ 0064] Correspondi ng reference nunerarascondioesse
correspondi ng parts throughout the several views of the draw ngs. DETAI LED
DESCRI PTI ON [ 0065] The follow ng description is nerely exenplary in nature
and is not intended to limt the present disclosure, application, or uses.
[ 0066] 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 limtation, tubes, pip@EETARED DEBERIPTNICONSed or partially encl osed
menbers for the bé sfe[r of fluids or. other materials su.chrr@s powders or
slurries. The nd al s'ealofPFIRPSCHRINLISJNPTEY BXLBPIADeR PRIME AN il udes

sol i ds, |i ondtGistendstfiodinsiemhe pskembiistioslinedgppliRutivmior @begxanpl e, fluids that
are transferred within_a sem conductor processing apparatus. The foll ow ng
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no way intended to limt the disclosure, its application, or uses.
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conduits while remaining w e scope of the present disclosure. [0067]
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's often pll?rﬁi?e% 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



around the heat trace cables 16 to reduce heat |oss to the outside
environnment. The insulation 20 is typically wapped around the heat trace
cabl es lowendimgsesssed i n pl ace by separate pieces of tapeTars2aioms3ar ound
the gasline 12 or punpline 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 heattrace cable 16 typically includes a
pai r of bus-conductors 22, which are surrounded by a sem conductive pol yrer
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profile al ofg, rﬁdkfiaétf%ngth of a conduit due to the limted area of coverage
and the relatively crude nmeans by which they are secured to the conduit.
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[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



[0071] The heat trace sections 52 are preferably fornmed as an el ongated
shape as shown and include a curved portion 56 and a pair of opposing

| ocki ng ewlQes108Bossst ending in a | ongitudinal direction ®CTiUsSe01002038@
portion 56. The curved portion 56 has an inner surface 60 defining an open
channel 62 for placenent around the conduit 13. The inner surface 60 is
preferably conplenentary 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 re outer surEace
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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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[0074] The heat trace sections 52 are preferably preforned in sizes
corresponding to different sizes, or outside dianeters for exanple, of the
conduit D8O 20tv8hesat trace sections 52 are al so capabl eprofi/usedmng2@ae t o

| ength, according to a desired length for a particular section of conduit
13. Preferably, the heat trace sections 52 are provided in standard sizes
and | engths for ease of repair and replacenent within a conduit system such
as the sem conductor processing system 10 as shown. Accordingly, the
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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
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is formed with a plurality of air chanbers 424 extending |ongitudinally
between the outer wall 423 and the inner wall 425 as shown. The air
chanber s WO40tonsesspr ovi de an area to i nprove the unifor RCTUSRd10/02E50

di ssi pation along the heat trace sections and to reduce heat |osses through
the thermal insulation jacket 420. [0077] Referring to Figure 12, another
formof a thermal insulation jacket for heated conduit and having air
chanbers is generally indicated by reference nuner al 430 The thermal
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envi ronrent Wb dRBrARR  ProReny Pagsuiis HEESpERhe, abES ot BRel Hdes Bt at on
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t echni ques, thél&hs@élaénvtrbﬁiméhtap PhStarabsy, 38§ Wap 430 id BRoOhAGE BNRE thefmihe
ongi tudi nallnsulatlon 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
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edges 448 and al ong an outer surface of the tubular insulation body 442.
[0080] In each of the thermal insulation jacket enbodi nents as descri bed
her ei n, iwoi2e10m8edsar abl e that the jackets are extruded. pagdiseolon2a03By, it
shoul d be understood that any of the features, e.g., air chanbers, pockets
sized to the heat trace section geonetry, longitudinal slit, and flap, may
be provided alone or in conbination with each other while remaining within
the scope of the present disclosure. Mreover, multiple pockets may be

provided to facilitate nultipl eat trac ections 52 departing
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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.
[0083] 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.
[0084] 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
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[0083] Simlar to the previously described heat trace sections 52 (Figures
7 and 8), the heat trace sections 5 10 are preferably prefornmed in sizes
corresporaiDregiovosossdf f erent si zes, or outside peripheri eecofus2dion2essanpl e,
the conduit 13. The heat trace sections 510 are preferably extruded and are
al so capabl e of being cut to length, according to a desired length for a
particul ar section of conduit 13. Preferably, the heat trace sections 510
are provided in standard sizes and |l engths for ease of repair and
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target system.

[0087] Preferably, the outer casing 756 is provided in symmetrical,
interchangeable pieces as shown. The outer 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 on
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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[0087] Preferably, the outer casing 756 is provided in symmetrical,

i nt erchangeabl e pi eces as shown. The outer casings 756 include outer walls
770 and iwoepivesbdss 772 that define conduits 774 therebeCmasnolodbe3conduits
774 provide a passageway for the lead wres (not shown) to connect to the
heat trace section 754. The outer casings 756 also include hinge el enents
776 that cooperate with the hinge elenents 730 of the shell nenbers 702 and
704, which are also shown in Figure 49. As such, the hinge elenents 776
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shell 700.[0089] In an alternate formof the outer casings 756,
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portions 782 can traverse the length of the bore t he tapered end
portions 785NSYEEE taGES cCim RIS g"%%err\aﬂéhf)w@?f Z?%g {0 PRfHEE }7‘80°L88'f|ect

back out wargHsihgsams® tb§éther. To separate the two outer casings 756, the flexible latches
780 are deflected inwardly through the counterbore 786 until the transverse faces
783 clear the internal shoulder 787, and the two outer casings 756 can then be
pulled apart. It should be understood that this connecting device is exemplary
only and thus other connecting devices for the outer casings 756 may also be
employed while remaining within the scope of the present disclosure.
[0090] It should be understood that the exemplary connector assembly
504 as illustrated and described herein is configured for an elbow-type
connection within the target system and that the geometry and features of the
connector assembly 504 and its various components will vary depending on the
connection employed within the target system. For example, if the connector
assembly 540 were adapted for placement over a T-junction or a cross-type
junction, or even a separate component such as a pump, by way of example, the
size and shape of the connector assembly 540 components would be adjusted
accordingly. Therefore, the specific design of the connector assembly 540 as
illustrated and described herein should not be construed as limiting the scope of

the present disclosure.
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transverse faces 783 engage the internal shoulder 787 to secure the outer
casings 756 together. To separate the two outer casings 756, the flexible

| at ches N80 2arosoksBl ect ed i nwardly t hrough the count er boce/UR3@owai3sé t he
transverse faces 783 clear the internal shoulder 787, and the two outer
casings 756 can then be pulled apart. It should be understood that this
connecting device is exenplary only and thus other connecting devices for
the outer casings 756 may al so be enployed while remaining within the scope
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construction of heat trace section and its terminology). As such, the high
emissivity material would improve heat transfer between the heat trace section
510 and the conduit 13.

[0093] Referring now to Figures 24 and 25, another form of a heat trace
assembly is illustrated and generally indicated by reference numeral 880. The
heat trace assembly 880 comprises a carrier 882 that is adapted for placement
around the conduit 13, and a heat trace section 884 secured to the carrier 882.
In this embodiment, a standard/conventional heat trace section 884 can be
employed without forming the heat trace section 884 to the shape of the conduit
13 as previously illustrated and described. Accordingly, the carrier 882
comprises an interior surface 886 that defines a shape complementary to the
conduit 13, along with extensions 887 that extend around at least one half of the
periphery of the conduit 13 as shown. The carrier 882 further comprises a
recessed upper surface 888 that is sized to receive the heat trace section 884.
The heat trace section 884 is then secured within this recessed upper surface
888 by any of a variety of means. For example, the heat trace section 884 may

be press-fit or snapped into the recessed upper surface 888, the carrier 882 may
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material may be applied between the conduit 13 and the dielectric or

i nsul ator material 26, or cover, that surrounds the sem conductive polyner
mat eri al Wa,20mwo80888ducti ve core, of the heat trace sect iPom/UB2Q0/0¢Bae
Figures 3 and 4 for basic construction of heat trace section and its

term nol ogy). As such, the high emssivity material would inprove heat
transfer between the heat trace section 510 and the conduit 13. [0093]
Referring now to Figures 24 and 25, another formof a heat trace assenbly

is illustrat d and ner a i ndi cated by referenc ral, 880. The heat
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while remaining, within the, sc the esent djsclosure, even though
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thi s embodi w@ftiransfer from the heat trace section 884a to the conduit 13 since the heat
trace section 884a generally follows the contour of the underlying conduit 13. As
shown in Figure 62b, the carrier 882b defines multiple recessed upper surfaces
888b, which may be curved as shown or relatively straight or flat as previously
illustrated in Figures 60 and 61. As such, the carrier 882b is preferably employed
in applications where the conduit 13 has a relatively large size and requires
multiple heat trace sections 884b to sufficiently surround the conduit 13.

[0095] In one form, the carrier 882 is preferably an aluminum extrusion,
however, other materials that sufficiently transfer heat from the heat trace section
884 to the conduit 13 may also be employed while remaining within the scope of
the present disclosure. For example, the carrier 882 may alternately be a
polymer material. Additionally, alternate manufacturing methods other than
extrusion, e.g., machining, may also be employed while remaining within the
scope of the present disclosure.

[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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[0094] Referring to Figures 26a and 26b, alternate forns of the carrier are
illustrated and generally indicated by reference nuneral s 882a and 882b,
respect i WeDy010A8088Bown i n Figure 62a, the carrier 882a w#efiusesomagcessed
upper surface 888a that defines a curved geonetry to accommodate a
correspondi ng curved heat trace section 884a. The curved geonetry thus
provi des for inproved heat transfer fromthe heat trace section 884a to the
conduit 13 since the heat trace section 884a generally follows the contour

of the underlying conduj . As sho n_Fi e 6 t he carr er 8
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heating components in semiconductor processing systems such as gaslines and
pumplines, as described in copending U.S. Application Serial No. 11/520,130,
titted “Modular Heater Systems,” which is commonly assigned with the present
application and the contents of which are incorporated herein by reference in
their entirety. It should be understood, however, that the heater system 110 as
set forth herein, including its various forms, is not limited to such an application
and can be employed in any application to which a target is to be heated, and
thus the application to semiconductor processing systems should not be
construed as limiting the scope of the present disclosure.

[0098] As shown more clearly in FIG. 29, the heater system 110
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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sensors may be enployed wthin the systemfor tenperature indications at
desired locations, along with using the tenperature sensors for tenperature
control . WO 28toasbgs3be under st ood that these various "i n@#CtASz@0/02038@Ns ar e
contenplated to be within the scope of the present disclosure. [0097]
Referring to FIGS. 27-29, a heater systemin accordance with the principles
of the present disclosure is illustrated and generally indicated by

ref erence nuneral 110. Cenerally, the heater system 110 is designed for use

in heating conponents in sem duct,or processing systens su as,gasl i nes
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the carrier members 112 around the target, which is further illustrated and
described in greater detail below. Additionally, a standoff member 132 is
disposed along the heater system 110 between the cover 126 and the target to
provide a desired positioning between the resistive heating elements 114 and the
cover 126 as described in greater detail below.

[00101] As further shown, the resistive heating elements 114 are
electrically connected to a power source (not shown) through lead wires 134 as
shown in FIG. 27, which in one form have connectors 136 disposed at their end
portions 138 for ease of installation and removal of the heater system 110. As
such, and with reference back to FIG. 29, the resistive heating elements 114
include lead extensions 140 and crimps 142 for electrical connection to the lead
wires 134.

[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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cover 126 may alternately be a single piece or nultiple pieces, or take on
the configurations as illustrated and described in copending U S.

Appl i cat iwo 28aviseds3No. 11/520,1 30, titled "Mdul ar Hearer/tSgewans30 whi | e
remai ning within the scope of the present disclosure. The cover 126
generally functions to retain the heat generated by the resistive heating
el ements 114 within the heater system 110 so that nore heat is directed to
the target (not shown) and heat | osses to the outside environnent are
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carrier members 112. The resistive heating elements 114 may be pre-formed to
the shape of the outer receiving portions 142 prior to installation, or alternatively,
the resistive heating elements 114 may be installed into the carrier members 112
and then the overall assembly (of the carrier member 112 and resistive heating
element 114) formed to the shape of the heating target 12. Additionally, the
heater system 110 may be provided with only one resistive heating element 114
as shown in FIG. 30, i.e. with an “empty” carrier member 112, or each of the
carrier members 112 having a corresponding resistive heating element 114 as
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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however, that any nunber of shapes and configurations of the inner

peri phery surfaces 140 may be enpl oyed to acconmpdate a variety of heating
targets wNDI2e1ve8ns883ni ng Wit hin the scope of the present pdiraskasmees3o [ 00103]
The resistive heating elenments 114 are di sposed within the outer receiving
portions 142, and the outer receiving portions 142 are preferably
configured to conformto the shape of the resistive heating elenents 114,
which in this formare heat traces sections as shown. As such, the outer

recei ving port.ons 142 defi enl ar ged e ortl on i nternedi ate

Coppor ¢ 5 aBohdaE i NGer iRl B0 Bl iaoRel aph and et PBBRT o

heating el ﬁ(bmﬂérsmbﬂx]‘bew1t1lzldb{'i£3§ aCl@thtlﬁ:c‘né‘r&IﬁJFw mhmﬁgh@ucﬁmamgm:c ﬂ&ﬁ(ljst Be ]

resistive ating el e ts are conformable to, the ape defi ne y the
BopTrEe i ORIk

outer recei YSRRFEHoMHRIBHEE 1Ghange! {9k a85HAMY 1 PRYS 81 ReCAEEFPYN ve

heating el ep@aben 1 camer MRebérst Prapdidio phRieushap®Rimédte Asdrdingl9cei vi ng
portions 142 prior to installation, or alternatively, the resistive heating

el ements 119RGa§ethef pageaMesibaratid2; Ao (E%ﬁ'$tIV§rhEFﬁ$'ﬁEe€P|§mf_ﬂLt§ At CeRE® t he

overal | ass@pdy rdffvetth@dneainotf stRARShe %gte@@stbﬁﬂfé LA DO SRdrk '@%SW ement
114) formed to the shape of the heating target 12. Additionall t He heater

system 110 'ﬁﬁt?”%éowpcﬁﬁddé@%‘ﬂ froaha eating feedats Addisionalby thegsads eheartien14 as
shown in Fl G 11{andf"'ré§%t@8 he‘ég@pléleafeﬁl’n'ié | Pf aF fable eLdoeiRy dﬁgﬁgbo‘)f the

carrier nenbers 112 having a corr¢ resisti eatl ng elenment 114 as
shown in FliG clgser. proximityoigl theaheaiingetarged ewigh dwrelame mevemenkifort moreg 2) sets

of carrier ROy #]Jrrt%ﬂ%?j teﬁo%‘td l;fﬁuhgévs{o%g tRaCHB ik ejdléarEBerB%b%qu' oyed

while remai ning w € scope e esent di scl os
three (3) stttk aod roenelyi exemelaberasdlmat ambrr exirgcting dmetsctnsn@S@ltbadeates 114

tho present St Sl seb i 165 Ras P Bhaf LRERR A nkPiRe ) R aRiel e 112
defi ne conriwettmggarfget triag roe éﬂiﬁlpyammuhe 'resmauhlng withimtteer scdpengfeéhebesssent s such
that the carrier (ﬁrs 1 112

are hinged,.carri
Speci 1 cal | JSOSHw tk PoALPen STHp P e’ & OB SOrRERBP IS 1 e
menber s 112zmd6ifusiratdadrangdschisedial grester detail gg|ow52 having an internal channel

o e Rl a e e e b b Ao aba il 25

provi de a rigtedtARECs8EHNEEYEKIWN dashed) in order to accommodate a fitting or other
adjacent component that may be disposed along the target 12. The recesses
178 may be provided in any shape or size that corresponds with the shape of the
fitting or adjacent component, and thus a single carrier member 112 can extend
along a heating target 12 and its components without using separate, individual
carrier members 112 or other specially designed members to accommodate the
adjacent components or fittings. The recesses 178 may also be employed to
accommodate temperature sensors or other discrete indication means
incorporated within the heater system 110, such as those disclosed in copending
U.S. Application Serial No. 11/520,130, titled “Modular Heater Systems,” which
has been incorporated herein by reference in its entirety.

[00106] Referring to FIG. 36, yet another form of a heater system is
illustrated and generally indicated by reference numeral 230. As shown, the
heater system 230 includes a plurality of carrier members 232 extending along
the length of individual resistive heating elements 234. Accordingly, more than
one carrier member 232 per resistive heating element 234 is provided in this form

of the present disclosure. It should be understood that such variations for the
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between the carrier nmenbers 112 in this particul ar enbodi nment. Accordingly,
each set of carrier nenbers 112 and resistive heating elenents 114 can be
noved relwDi2o®/M8088dNne anot her so that the heater systemPCTAISC@EN/0RE3NDr e
easily installed onto and renmoved froma heating target. Additionally, the
sets of carrier menbers 112 and resistive heating elenents 114 are capabl e
of being disposed in closer proximty to the heating target with the

rel ati ve novenent for nore efficient heat transfer It should be understood

t hat the hinged carrier Helg‘{%ers 12[{2 re tr)rerel Iaré/ ag&that ot her
connect i ng B¢ BIFTDEEY) SPRlL £E5q0S H%@taéd 'g9 PR Oh{"Y BESE"one of
an adj acentd|§d®§Ur@ranﬂﬁﬁtD§thelér%oﬁmdsr%pbe@hd nguehmtugﬁé offthe &erienmenpers whi | e

remai ning withi f the nt, di scl osure. Addi t i onal npl ary

erbodi moat SOAUSRET 2o ABer PRY BT FOALNAE VIR G PsH 8 SaORSSL T | bod

in greater m@tpaégenlpgisgwsur{eOMOS] Additionally, the carrier nenbers 112 may
be provided with internal recesses 178 éshown dashed) in order to

accommodat e a filP@1H]d JrefetriRerto fifacent c%ﬁ%ﬁeﬁts"?rﬁé‘@v'ﬁﬂtﬁ mbrigicoyesed

al ong the tiariggdiraldy aFBegér%ﬁ;Q@/S%hcéYe% B?Yrel%?erﬁtfeotﬁhﬁhﬁﬂal'@oa”Wh%hﬁ&ﬁePr si ze
that corresponds with the shape of the fitting or adjacent conponent, and

thus a si nghetarad20etonmsissera plupalignaf éwg@@t@ame@rrgerab%aﬂ?ngs pEevRsyL2 and
its CO”ponleél%t% ot t4Q m}éiﬁ'é‘%jou%l?ﬂ)%@at 2l ¥ 4RL 19ard d{deéndfﬁfmgésmélz or

ot her specially desig ers to acconmobdat e the adj acent conponents or
fittings. Th@anmgelsr, thedyheg cavw:onmreﬁplacfyetd:ower &%Z:dlﬁnmt@rouedmer ature

sensors or ahhe ptlrt r&’ft the Jﬂﬁ%e%‘gaé Br H%‘M?eré "r?ra‘?ﬁr@ee%g‘t‘ﬁa*&b%etcﬂ eater

system 110, suc hose se I n copen cation Seri al
No. 11/520, 11’840,and|atdeednd Mo 324 odeedtieely Spgagead with die firkt trver B@%nln one

te ence, i t t Q Ref to FIG
36, yet andPHBr R aTshosrtRRS PR, efebistretohy R e bRy °
i ndi cat ed by gredter @staitbelower al 230. As shown, the heater system 230
i ncl ud | ‘ f di t th of
el udes Bl ghh i RS RE s BAaSd P Al a i 8L ©
carrier nenfesa rﬂ@‘allthjf fittiegs sthavie dﬁ@@éﬂt@ﬂ)r@tﬁgm@btlrﬂﬁérga 1120 Ad s, ithie t hi s

form of the esent cl osure. t shoul under st ood t hat such
Vo et o 3Rd raker S SR o dRaEelge DASHERTLatrAa dst B t he

scope of ths Peerifgéd carrier members 112 and the heat trace sections 114.  More
specifically, and with reference to FIGS. 38 and 39, the second cover 324 in one
form is flexible and comprises cutouts 328 to accommodate the fitting 326 so that
the heater system 320 can be readily installed onto and removed from the
heating target 12. Additionally, the second cover 324 further comprises a
fastening mechanism, and in this form snaps 330, to secure the second cover
324 around the heater system 320. In the form as shown, there are three (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 scl osure and thus the specific shapes and orientations of the carrier

menbers as illustrated and descri bed herein shall not be construed as
limting wheosusms3of the present disclosure. [00107] ReCerusezeong/o@3e-| GS.
37-39, a heater systemhaving a hybrid cover is illustrated and generally

i ndi cated by reference nuneral 320. The heater system 320 conprises a
plurality of hinged carrier nenbers 112 as previously set forth, along with
a plurality of heat trace sections 114 and end fittings 116.

o ound ot | Sieer OB TBIFBE e AP Aheh SCPP oP S 118 oA S9! heat

trace sectlmm,llms faa@l mawgmﬁdrrﬁwey B2 prafoefa ity elcgomngaaesd vahyiny t he
first cover 322.

the fir ver 322 js rJ ,_and the second
Cover 3941 88triied B8 diafiad tarbBeanf her B8 Sherternd RGBT EBOYER Tho
second covetiergidds inferdl§dxe@rPihry @naGheimAbe donbirtidd BY limdfg(the ssopd br al ity
of flttlngs% that is present along the heating target 12. As such, the

second covePeppesantdisalgper®d f or det achabl e pl acenent around at | east a

portion of the hoppRy cafe éé%bnﬂ%ﬂ@@rri?z4]1§%e@ur}@dtt5'%é‘%¥ céxfe@%ﬁz%ﬂg'é?ﬂs 114.
More specifically, and with reference to FIGS 39, the second cover

324 in one 3dhesives Matenalbladthawgh chpr |%f@§h@@ﬂbum%<3h32§rﬁso nease difrotsate t he
fitting 326Al§é?ﬂétgﬁt tﬁé‘@ed&ﬁat(ﬂ/ersé’%f %rﬂﬁ%ﬂyglééﬁl)}l)@técﬁﬁg't& Yhd g%?oﬂb'&@epnt o and

renoved fro eat1 ng target . e second cover 324
further conpd4 @@@I%Ins@@ﬂémai@p b dheafastening nechanisiis andopyreemp@erdsof t o

secure the FESRAIERISH 32 BURY sHBEIBYRL sV RILIZdnakBnid)icd B m a5

shown, there are 't ed at end |o S t abs
334 ext endi wigapf arooma thoee hingat qametnmem@% ‘o’fz aihe th;aebea\tdtrzamwestsctlalslr 114t shoul d

dsed whi & e TEmEraHENG BoF Rt Rl E et e adi bRTL RO R SRR e ey °
f ast eni ng nfechmwmablmjacenmlnude admrdmxceomlenaepieechndgé asfolhe) prermgheu c

el enent s, n,?qh | at ches, and straps. It should be understood that other
forns of fa %l?l § nechanisms are to be construed as falling within the

scope of the prgeen1]dirsteopymew bFIEBH0-AS, therddneeptsditvaiiexible ssesand cover
324 conpri Sceosve?%ﬁuetlserset forth above is extended to the connector assembly 504 as
previously set forth (FIGS. 14-23). As shown, an insulation jacket 350 is
disposed around the fitting heater assembly 750 (also shown in FIGS. 18-20).
The insulation jacket 350 in one form is a flexible silicone rubber material,
comprising an outer jacket 352 and inner insulation members 354. The inner
insulation members 354 in one form are silicone rubber foam, and may be
preformed to conform to varying geometries of the heating target 12.
Additionally, the insulation jacket 350 in comprises a fastening mechanism, which
in this form is a snap 356, to secure the insulation jacket 350 around the fitting
heater assembly 750.
[00112] As shown in FIGS. 43-45, another form of a heater system is
illustrated and generally indicated by reference numeral 360. The heater system
360 comprises at least one heat trace section 362, a first insulating member 364
disposed adjacent the heat trace section 362, and a second insulating member
366 disposed opposite the first insulating member 364 and adjacent the heat
trace section 362. The first and second insulating members 364, 366 are
secured to each other and encapsulate the heat trace section 362 as shown. In

one form, the first and second insulating members 364, 366 are a flexible silicone
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j acket 338 and an inner insulating nmenber 340. The outer jacket 338 in one
formis a silicone rubber nmaterial, and the inner insulating nenber 340 is
al so asi Iwoanw/asodsBer material, in the formof a foam AReTdSIEiobEd0 i N
greater detail below, this foamnmaterial formmy be prefornmed to
accommodat e varying geonetries of a heating target, and thus the shape and
configuration as shown herein is nerely exenplary and shoul d not be
construed as limting the scope of the present disclosure. [001 10] The

second cover 324 is secured to the first cover 32 Si an _adhesi ve
naterial - dubRGBACERRel sovtBerareRSd e 1 dfieged iR aRn e .
the second meweials3ddyitse Reipl@yiswaRd Iymainirdc iabint et SeopeeoP bk pmsent 324 and
i s instead Loqated 3% t he Ia tqpin cha lsnf.and by conponents. of the
heating targgtosye. (pgijopa ynEwesga qognd isurating MerBRelp QARG Wénf i gur ed
to wrap aroyhiddnfembBgiatretier fe HRABSFssehldisabsurth@theatart theagogert i ons
114, the second cover 324 is operatively engaged with the first cover 322

and adapt edMeBPeHASHIENIARd bergfenent in accordance with the teachings of

the present di sqh@pty)e-RIBhglddw RETrREE! N840 WhE hebtdFSsystin 460 sd@econcept
of the flexible second cover 324 as set forth above |Is extended to the

connect or &9&BnaRayesig4eraBloged vyithins oy censtruciinn lrdapteddor placeg)ent AKowrbwn, an
i nsul ation j.agket ' i nd | defd 750
(a1 50 shownd A eGETo{isS ) & RREA BB MbPencq et REE sISBRTY 2

f1 exi bl e sic¢drepisesraifrsmaiinsafdatian  jadeipEd/i2s¢omprigind at kedy] 36k ¢lefigibg amd i nner
i nsul ati on i 1 ) i I are
silicone ruﬁ%ﬁélﬁgﬁég%gﬂﬁ%@&@ Ip%@%'&%ﬂdgg%t%%rﬁ%% d\j/Iglpr)é;si%ﬁggl(gJHed()nrret ries
of the heatthagntergalt 312. (BdeialsooidEG! §). The dncapsdatedrhegatiog elends0, on

COmDr 5es Al GBI Wb AP PO AR f 0o
[001 12] Asceeo@8 isdi$pds8d ad@indihe ametriatinstiation aicket 37Rat er systemiis
(1 st ated and el hd R L PLELIES AP 8S0primndet o
i nsul ati ng smgoberulitet fehra pastetal adjoarienally e et 382 acenskemiion MR&dle and a
second Insusl,il{flcétolnre]grurtr)%reﬂr)errr1ateriaI. As shown, the cover 382 comprises a fastening
mechanism, which are snaps 384 in this form, to secure the heater system 370
around a heating target 12. The cover 382 may be adhesively bonded to the
thermal insulation jacket 372 for proper placement. It should be understood that
other fastening mechanisms other than snaps, such as Velcro® or elements as
set forth above, may be employed while remaining within the scope of the
present disclosure.
[00115] As further shown, the thermal insulation jacket 372 comprises a
longitudinal slit 386 to allow the heater system 370 to be resiliently installed onto
and removed from a heating target. Moreover, the thermal insulation jacket 372
comprises a shape commensurate with the heating target 12. In this exemplary
form, the thermal insulation jacket 372 is curved to match the curvature of the
heating target 12. In other forms, the thermal insulation jacket 372 may be
straight or take on other polygonal or splined shapes while remaining within the
scope of the present disclosure.
[00116] Referring to FIGS. 49 and 50, yet another form of a heater
system in accordance with the present disclosure is illustrated and generally

indicated by reference numeral 390. The heater system 390 is similar to the
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366 di sposed opposite the first insulating nenber 364 and adj acent the heat
trace section 362. The first and second insul ati ng nenbers 364, 366 are
secur ed twoeaotnsessher and encapsul ate the heat trace seeCirars2@622@30 shown.
In one form the first and second insul ating nmenbers 364, 366 are a
flexible siliconerubber material. It should be understood, however, that
other types of insulating materials may be enpl oyed while remaining within
t he scope of the present di scl osure. Additionally, the first and second

i nsul ating si.n unLtj.ze nber in of her formof the
bresent d- SHAG e APl ardpin s, rcs St eare o PR aepptfitisher ei n
[001 13] Reﬁemtﬂe REVE0302 & HibfSseddrodBd tfheh@ah%&tn%mbefstﬂm atdhast Bade forth
above is e ged within a constraotlon adapt ed for ar.ound

varying ge n2d 1o¢ rathefeliieN iy PPEOgRE NGB 8pd @ PP 8'PI '”gah%%?eﬁ‘s system

370 conpri s@vieuslheddselibéd)s Wisdel %bdlfﬂﬁh}ettha7f?ede§ﬂ 392 cdpshses 7h
defining an outer wall 376 and an inner wall with at | east one pocket

380 di sposeRHtal igrkpttIvd anthan |mr|lnqgjtq§|ng(rg@pbgqs§§96 Flfee odter jagket a9t Kpsul at ed
heating el esMormQs aNQRLAE rSdErSRAEBES, ahd tHY iBRASIRE LML f’n@nwé‘rss?)w(é,‘éat 380

as shown. Furthernore, a cover 382 is disposed around the thernal
i nsul ati on g Resilic@ne. rupberimaierial, An dhe farey e a fforms Y Bl forthaloxei Bis j acket

372 is a pr@%ﬁ{ FB tdrﬁhorﬂgy ’blé%‘ orh83® EE%&ﬁﬂn%ate J%‘?Yﬁé %g@h'eg\rﬁﬁt&t cover

382 in one formis a flexible si |cone r mat er | e cover
382 conpr i skeatiagftarget reindgthre dreasihang anthicenfigaratiosregppsh@@rheneint isimefety m to

bo. adnesi ver s et STRRd i siniet ot M 3 podn, O B BrGlont ™ ™
pl acenent . cﬂlsclethmel Adbtionadler sarood dub@tts OBan thas‘leaibimgomc&%myﬁ)eot her
enpl oyod W PHCPL AR AFELEH b Bror TR oot lenPaiE Rt B [ 00s
15] As f_urtthemeahrmgmgéth@dwfwthaﬁlttlngﬁ%at| on jacket 372 conprises a
onantudnal <t e, el Rl SRS, S LER AR SR
i nsul ation faeteiisnd,7ds @Wusge&tafo&hameor@mmnsumt grevérithdisdiesureatAng
23:8@& % (2) n%{]o(\f\%phllthsfefe & rlrj gﬁ%\zsnr% Il.gtesr,]r%pts%% rTﬁowle\slesruljt %ﬁ(‘)lﬂg bje%%iéngtéBJf 'S
that other fastening mechanisms, such as those previously set forth herein, are to
be construed as being within the scope of the present disclosure. The flexible
cover 392 in one form is secured to the end fittings 116 and in another form may
simply abut the end fittings 116. As such, the flexible cover 392 is operatively
engaged with the end fittings 116 and adapted for detachable placement around
at least a portion of the hinged carrier members 112 and the heat trace sections
114. Additionally, the flexible cover 392 is adapted for detachable placement
around at least a portion of the hinged carrier members 112 and the heat trace
sections 114 with the use of fastening mechanisms, cutouts, and its flexible
nature.

[00118] Although the above-described heater systems have been
illustrated and detailed as having a construction similar to a conventional heat
trace cable, it should be understood 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, should be construed as being

within the scope of the present disclosure. It should also be understood that
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heating target 12. In other fornms, the thermal insulation jacket 372 may be
straight or take on other polygonal or splined shapes while remaining

wi thin t woso0mpsossB t he present disclosure. [001 16] Refemrtisagooeo3sd GS. 49
and 50, yet another formof a heater systemin accordance with the present
disclosure is illustrated and generally indicated by reference nuneral 390.
The heater system 390 is simlar to theheater system 320 shown in FIGS.
37-39, with the exception that a continuous, flexible cover 392 is disposed

around the carrie ers 112 and.heat trace sectiqgns, 114, rath t han a
Sort1on bei S1GeT EteTREar ihe, SREIEBR iiRe 1DST TS D5RRs LA Sl HELet § bod.
More speci fa gl fortht ereinl maly e eapUsed 30eC @MmiIniag Svithin e 8togeaokete 394 and
an inner insulating nenbers 396. The outer jacket 394 in one formis a

S 11 cone r UIBESNAIBROTAP.  ERIIORAEPIEnAREr AT MRy ISHSE: 8 PbiMIReOR s0 a
silicone rulegelMeambh@bihetdd the formof a foam As set forth above, this
foammaterial form may be preforned to accommobdate varying geonetries of a
heating target, [BOHHhude drscapligieohing demesuieinmest]y fXeTRBMN IMmeatEis i s

merely exemaryuandafieHs AhBOHobRICABSIT Woth e |didh & M blkBIosGRPErPT the
present disclosure. Additionally, various cutouts 398 in the flexible cover

392 may be ipiendpddel bgswipiriheosedng efdhefdisaasure.n For gsample, Hecennsbighitee
varyi ng ge i ; i - he. £ tL N o 001 17]
The t1 xt bl o eyt (ool B el Bl B5be, PRiSh ey e o ShnDporeRte 20
previ ousl y materipbint ¢rdei tp spitrefgotate tfmperatuse es @mnordseraitepndretiveppatsiieln, t he
fastening j i ; i %@q§r hat

ot her fast gﬁ%ﬂg%@%ﬁfﬁ{%p@%sﬁ@ﬁe%\dg&tgﬁg@@ugb tgﬁ@%@& lsgg% or ttﬁ?o&@ﬂeaf n, are
t o be constcanddl agstérei rglditionblly thééhesmapmsolatiom @cketsseay beifitetl esthran The

flexible coy iWn_one fo IS to d.fitti nd in
anot her for%%r@épé?e#pﬁ& a'g'ﬁit I%’%;ug, 81?}%:&’%??%%%@%&93&5‘? é@%h?@ﬁrﬁgc? Ite i bl e
cover 392 itbeopdriatulatdry jashgageomwidrhagdéroenthd ioUtsidegsndidomnaemd aBlaght ed f or
det achabl e pl acenent arqund at Ieast a gorrgyi OE{ of ..t he.hi nged car?i er
menbers 112"ARHIOTHEHEYO PPJEEATEH AShECRAHIE A1 eI A SRR &6 bl e
cover 392 igisaeapeed for detachabl e placenent around at |east a portion of
the hinged carrier nenbers 112 and the heat trace sections 114 with the use
of fastening nmechani sns, cutouts, and its flexible
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nature. [001 18] Although the above-descri bed heater systens have been
illustrated and detailed as having a construction simlar to a conventional
heat tracwocatwespssst shoul d be understood that other types/usktolosizar
construction besides a heat trace cable construction nmay al so be enpl oyed
while remaining within the scope of the present disclosure. A heater type
such as a polyner heater or a layered filmheater, anong others, should be
construed as being within the scope of the present disclosure. It should

al so be understood that ot her naterlal §@ﬁé the insulation jackets and
covers besides the silicone rubber a¥ forth herein may be enpl oyed

whi | e renalnlng\Mhémsamnhgj&cope of the present disclosure. For exanple,

other materials nay inc i m.de or Aerogel (r), anong others. [001
19] The descri ptli on éfmqaﬁ%%?@ PN merely exenplary in nature and,

thus, variations thag ;ﬂ@raﬁ@tofdﬁrﬁljﬂé’dt cdrfiemmiehetd, Hachhinde® ¢lresd Merber ar e
i ntended to be within the scope of the disclosure. For exanple, the

conductive ‘Hﬁflnmgeﬁ“n 'ﬁﬁ?reFPE?r@lhe[)’s%ﬂfaPBfa"t AUChELLIVINGRAIYL &NH GhY Wﬁtipnﬁe a

sem - conductive mat e%'pﬁuraht'g} d?fh‘éﬁf trééé $&tibns BRPbSSLWISARES %h!érr Pl vw?&g
non-sem - conductive materi al such that tenperature is not ?ul ated t hrough
q

t he mat eri aporiens péﬁ*ﬁféh'ﬁﬂ]@ﬂo@ﬁ!jﬁeramﬁmheﬂ%lth§y@¢&intra%§|$fttioﬁﬁai ipingt erd t her nal
i nsul ati on é&g&%s may be fitted with an external shell, e.g. rigid
plastic, of any Shape or geonetry, in order to protect the t her nal

i nsul ation jackets feothfidangsgdisppsed tieximates itke esdvpertians o . theulihged

vari ations A he spirit and scope
of the disc osure&rakgﬁs%qmg%g?gﬂﬁalsﬁég‘ i S:att%(‘?%\gél laZSbE system conpri si ng:
a plurality of hinged frstroover dispodser arpurdahlehstng pdrtioarof it hinged earridef i ni ng
an inner peri r rfa | Vi n rtion, and, en [tions;
o ur oty oreReat eRhine B8 PRCYlnboBs M Th APk LR
por tions offittifgs; Bhaged carrier nenbers, the heat trace sections defining
end por ti ons: - end 117 Lt ngs, i 3pgs el A0, B E1° AR TH OB ab°
adapted for detachable placement around at least a portion of the hinged carrier

members and the heat trace sections.

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

rigid and the second cover is flexible.

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

is flexible and comprises a silicone rubber material.

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.

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.

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

comprises cutouts to accommodate varying geometries of a heating target.
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carrier nenbers and the end portions of the heat trace sections; a first
cover disposed around at | east a portion of the hinged carrier nenbers and
t he heat woaoew/sesss8i ons, the first cover being secured POTiUs@01O/M0203B LTI Ngs;
and a second cover operatively engaged with the first cover and adapted for
det achabl e pl acenent around at | east a portion of the hinged carrier
nmenbers and the heat trace sections. 2. The heater system according to
Claim 1, wherein the first cover is rigid and the second cover is flexible.
3. The heater syste ccording to Claim/1, ein the second cover is

i exi bl o and corori sdB8a APt SYHEM GOERTRRl LGN s e FEBPEI GRSt om
accordi ng teorikaiomadseribig operativélg cdRAEIEd tOWRS plIlitality&EThez0 At Sedtions,

fast eni ng mﬁchani smto sEepg#re t he second cover around the hinged carrier
menbers and"EFENARR" FSSEERNCRAWRTIY: 5. The heater system according to

A ai m 4, wherein theaffxgieidie J886MBY mdringel ected from the group
consi sting of snaps, Velcro, magnetic elenents, lacing, |atches, and

straps. 6. The heater sys@éWﬂa@@ap@f?ng to Claim1, wherein the second cover

conprises cutouts to accOyRYAtRAHbNisBEYRIbLAS el fitthd SdididIgat@r get . 7.
The heater system according to Claim1 further conprising a connector

assenbly operatively conn@tpelgr casingdispeeadaarpuiyd dte fiing adaniereaséct i ons, the
connect or assenbly CopRtd A jadkel bisbS 268 FihoTRARIRL joR).NY: @
fitting adapter; a heat tralcejgsegt F“o% Sgj‘ltzjsposed gr ou t % |tﬁ ﬁ’g adapter;
and an outer casing disposed around the fitting adapter; and an insul ation

j acket i sposed qur ougglo e d Lidkan Nedt et 35590 ¥, hord HenBSALAEiGY St o

according to Carm?7, wherein e i nsulatyon j I's a xi'bl'é"silicone
rubber mat eacladt is @flexible silieaterulbbgs rerterst.cording to G aim 7, wherein the

i nsul ation jacket further conprises a fastening nmechanismto renovably
secure the

9. The heater system according to Claim 7, wherein the insulation
jacket further comprises a fastening mechanism to removably secure the

insulation jacket around the fitting heater assembly.

10. A heater system comprising:
at least one heat trace section;
a first insulating member disposed adjacent the heat trace section;
a second insulating member disposed opposite the first insulating
member and adjacent the heat trace section, the first and second insulating

members being secured to each other and encapsulating the heat trace section.

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

second insulating members are a silicone rubber material.

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

second insulating members are unitized.

13. A heater system comprising:
a thermal insulation jacket comprising a body defining an outer wall
and an inner wall, the body comprising at least one pocket disposed along the

inner wall;

28



insul ation jacket around the fitting heater assenbly. 10. A heater system
conprising: at |least one heat trace section; a first insulating nenber

di sposed w0j2ana80888he heat trace section; a second i nsulPaTiusgoPRI380

di sposed opposite the first insulating nenber and adj acent the heat trace
section, the first and second insul ati ng nenbers being secured to each

ot her and encapsul ating the heat trace section. 11. The heater system
according to Caim 10, wherein the first and second insul ati ng menbers are

a silicone rubber material. 12. The at er stem accardi ng,to,.Cl ai m 10,
Therel 2 ire Tiver angidtone coteubie Heelid TPt ARPP I WinE Bheat or
syst em conpgdcket)@ie énddpetla®Rld Hasing aldntunt jcagkasingonpri si ng a body defini ng

an outer wall and an inner wall, the body conprising at |east one pocket
di sposed al ong the inner Q\HP?S,’(QPGH@QEE&%%E)(@EE@pSm ated heating el enent

di sposed within the pockej firdthas@BGRP Hdnfied iRkl NajflcPBY hegMReésS| Ng:  at
| east one heat trace section; a first insulating nmenber disposed adjacent

the heat tr$&0%ection; a second insul ati ng menber di sposed opposite the

first insulating member aé'dsét%hacﬁ@.hlaﬁirg@?trhéﬁbeﬁ ro@scp%sét?c&gﬁgitetthg filsk st and

second insul ating nenbers being secured to each other and encapsul ating the
heat trace i58@efingh mespreraant wdiacants gigs eeatairacm geetinn. ttherfirell an¢serand on

jacket. 14, IheiDeabribeRYS LR | B8 &néd %id'ér?n%{)gwlﬂgrfgeih%ﬁe&?_gégfrml

insulation jacket"is a pre I cone rubber eater
syst em accosaftiog andl C ai m 13, wherein the cover conprises a fastening

mechani smto secure t 0, tﬂﬁ@; get. 16. The
heat er system accordiAﬁngo%ga%ﬁgls%}?@,%%mmer@?ﬁngﬁe é@?g%‘?%g
14.  The heater system according to Claim 13, wherein the thermal

insulation jacket is a preformed silicone rubber material.

15. The heater system according to Claim 13, wherein the cover
comprises a fastening mechanism to secure the heater system around a heating

target.

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

elements, lacing, latches, and straps.

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

silicone rubber material.
18. The heater system according to Claim 13, wherein the thermal
insulation jacket comprises a longitudinal slit to allow the heater system to be

resiliently installed onto and removed from a heating target.

19. The heater system according to Claim 13, wherein the thermal

insulation jacket comprises a shape commensurate with the heating target.
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mechanismis selected fromthe group consisting of snaps, Velcro, nagnetic
el enments, lacing, |atches, and straps. 17. The heater system according to
Cl ai m 13,weatreroaismssthe cover is a silicone rubber materi &CT/UB8010/Db@3heat er
system according to Claim 13, wherein the thermal insul ation jacket
conprises a longitudinal slit to allow the heater systemto be resiliently
installed onto and renoved froma heating target. 19. The heater system
according to Caim13, wherein the thermal insulation jacket conprises a
shape comrensurate with the heating target. 20, The ater system according
Co Brai m 13 fur dher " IBRhIEE e BOAHEETEY BoClatm: 17 dReier FUBPTRS fhect eq
to the encagsnkesatoedsseably RPcaltios®tonnédied e tHresid@bsaateibaing @gmérj ng: a
fitting heater assenbly c rising: a fitting adapter; a heat trace section
di sposed ar'@6a@"t Oﬁﬁggﬁéaygﬁﬁﬁﬂéﬁq: and an outer casing disposed around

the fitting adapter; adthgedtdrdssambRtdnisirig: di sposed around the fitting
heater assenbly. 2 1. The heater system according to Caim20, wherein the
i nsul ati on jacket di sposedfilirg@dariehe shell is a flexible silicone rubber

material. 22. The heater gsygh@pcRcERlioh a@Pééb_oqrama e fithes @i gtert BSd
i nsul ation jacket further conprises a fastening nmechanismto renovably

secure the insul ation jacepulgf 6esial diseosadarpugd iediting adapiepyd 23. A
heater system conpri gjf 'ulef’ﬁoﬂgéﬁk%k blits%%éfgd Qbﬂr%cﬁ@ecfﬁ‘ﬁr{ %tmgﬁ%m each

hi nged carrier nenber defining an In periphery surface, an odter
receiving portion, and end portions; a plurality of heat trace sections

di sposed w thin 4he celVd | -0NS ~0f -t I diGarLi e nbers,
t he heat trace szté](':ti gﬂéq{fgﬁeﬁm&}%&ﬂ%geg@hq {(g)n(s:%flrgn%tff%%}?ﬁg@%gﬁéﬂggoedge

proxi mat e tjpeketniisppoeed amuad die shedl ibarlgsitlecsiliqoinerulplearimeatsrizind t he end
portions of the heat trace sections; a flexible cover operatively engaged
with the end fittings and

22.  The heater system according to Claim 20, wherein the insulation
jacket further comprises a fastening mechanism to removably secure the

insulation jacket around the fitting heater assembly.

23. 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.

24.  The heater system according to Claim 23, wherein the flexible cover

comprises a silicone rubber material.

25.  The heater system according to Claim 23, wherein the flexible cover

further comprises a fastening mechanism to secure the flexible cover around the
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adapted for detachabl e placenent around at |east a portion of the hinged
carrier nenbers and the heat trace sections. 24. The heater system
accor di ngvoao/mosss 23, wherein the flexible cover conpripsgdisaoiviokizcone
rubber material. 25. The heater system according to Claim 23, wherein the
flexi ble cover further conprises a fastening nechanismto secure the
fl exi bl e cover around thehinged carrier nenbers and the heat trace
sections. 26. The heater systemaccording to Caim25, wherein the
fastening nechapismis s Iectedg fro he group consisting of snaps, Velcro,
mgnet] o el B S PLDPRGer AR HE oL RS 27, The heater syatem
according to Claim23, wherein the flexible cover conprises cutouts to
acconmodat e varyin onetries of a heating targef.
yZ6. g 9%9 eater system accordﬁng 90 C?air% 55, wherein the fastening
mechanism is selected from the group consisting of snaps, Velcro, magnetic

elements, lacing, latches, and straps.

27.  The heater system according to Claim 23, wherein the flexible cover

comprises cutouts to accommodate varying geometries of a heating target.
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