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MODULAR HEATER SYSTEMS FI ELD [ 0001] The present
di scl osure relates generally to electric heaters for

wais@7iomspd pel i nes, and nore particularly to el BCT/DB006/031232

heaters for use in gaslines and punplines such as, by
way of exanple, sem conductor processing systems.
BACKGROUND [0002] The statements in this section
merely provi de bacMGIJbARI HEATER SYSTEMSted to the

present disclosure and may not constitute prior art.

[0003] The supply of fluids such as oil, gas, and

water, anong others, fromapmgpply, e.g., an oil well

or a water reservoi r, requires transfer of such fluids

by col@lls dihe Reesenkdisciasure selatasggenerally torelectric heaters for

7% ERPREBAES ryMolC salfLIa P REMRRAR T RECH Gogines ana

pﬁ]mphn@ebam as,dwr way bf bramplaasehfcorfiuREsrb¥es@g systems.
el ectric heater in the formof a cable or a tape,

known in the art as a "heat trace," is commonly used

around the conduits to i@% to the conduits

and thus to the fluids. p%ﬁg onaNDy, the conduits and

the hig802]r adée atatesemis iinethiswectiondatkrbly prévies MBackground
e heat loss to the

oftimstah gt Sh i Therrenent Gisony erat mey ot consitte ier art
a popeods] Meane 4 I)F‘@fiﬂwﬁg nsglblﬁ R bil! 5(%1 %@G%&%{ dédﬂoﬁ& others,

their rel atlve simplicit ow co ner a
flﬁ@fﬁtatSU@@b’ cad) en ail evell Qp@swaterl @sgrtdie reqoigéd tmfnsteheof such

T Bl i B RRE s AR halnd QA e St omot he fuics

wnhnﬁﬂﬁleon@lOMs 9% lftenswibdeabhy, ireloaRRNSto r'h%mﬁﬁﬁ’l 'tHé fluid at or
Patent No. 5,294,780 to Montierth et al

S.
#?QV@rﬁl cRgaingegwsr gheet &1 esently, an efgctric besterFi’attI@enforNoof a cable
e LT L TEATTo ——

ddomoiuis to (Pr&vid@dteanto Nee c3ndifs aﬂd@na@tolmﬁmas Pdiitionally, the

Pateni‘I Rei ssue No. 29,332 to Bil bro. Fastening
Ci?é‘git"fﬁ ehdehedipal dracesiare someiiraes suriaundetky q)mﬁrmal frsulation

Bt I P ARSI SRANB ARPAING olfidnnffhar |y Tor

repl acement of utility lines and conti nuous
manufl@004] i nhlept traesseablesmma @ pb;tmaalas medrey E)rthémmgssuch fluid

c%{ndﬁjﬁ?)pe E%ﬁﬁe#org%ﬁ&g;r glﬁfp IEE)(/:“ ipz\(/e I?l 2 ggggatglyg heat trace
debfed aly idisporddh@dhgtthacieflgi B\ea’[hé""é%h@bﬁs %r%%ptea B%und the
conduits and are fastened at regular intervals with bands, retaining straps or any
other suitable fasteners, as shown in U.S. Patent No. 5,294,780 to Montierth et
al,, U.S. Patent No. 5,086,836 to Barth et al., U.S. Patent No. 4,791,277 to
Montierth et al., U.S. Patent No. 4,152,577 to Leavines, U.S. Patent No.
4,123,837 to Horner, U.S. Patent No. 3,971,416 to Johnson, and U.S. Patent
Reissue No. 29,332 to Bilbro. Fastening heat trace cables to the pipe or conduit
has proven to be time consuming and burdensome, particularly for replacement
of utility lines and continuous manufacturing processes, among others, where
time is of the essence.
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heated, a heat trace, and a connector for electrically

connecting the heat trace to a power source are cured
wae@7iontsegr al |y formed beforehand and i nvent or PET{US2006/031232

before a need for replacing an old pipe arises. Wile

this prefabricated pipe saves sone tine wth respect

to replacenent of utility lines, it requires a

cust dP6AAE hdat expetiledths peplacemesbpf ivitityetisenigU.S. Patent No.
P RlRaRibasBy L PetRReISe Bou TR CoRb Yo kBt pipe to be

Hei8tl, & hBREWAGH, dieied @6nﬁé’<ﬁb@f6rie$ed@ﬁ®4iy%nbbﬂﬁ% the heat trace to
conprises a heat trace assenbl K’ havi r&gga heat trace

& dwwesnselgee megcwegl apdl integralty formed Bafarakandtansh inventoried

NEGET R84 B fedliting S SRL phE 6fhaSs VU B uRlporicptea pipe
daveb donge gmeewith rsspethid rptidemeritediugilitysiriise MrabGites a custom-
i ncl udes a connector assenbly conprising a shell

made ueaigracesl pirg itherely Higreasing yrdegiableniaverigiy space and
-0 G ! en, and a fitting heater
@gégﬁgwmﬁﬁ&gﬂg@téﬁﬁ%@ € shell. The fitting heater

assenbly conprises a fitting adapter, a heat trace

section di sposed around t fitting adapter, and an
outer casing di sposed aro%ﬁﬂwvﬁg\fi tting adapter.

[ 00074bobs] ane bR gfré’bePedafoFFﬁ,dﬁ 'n%dd?@raﬁeété%fsltgﬁ?%rﬁ’rWided that

i s provided that conprises a heat trace sec
apehprisasga hept trace asgemblyf handng arhéaidrdcat semtionaddiming a plurality

e A R e L e 4 Yerb o st one
tbFrARRLIAG ThéMBer HRBBSEd lah anednBPiHEediGfdBe Se@&RIMETHO modular
assenbly for use In a heater systemis provided that

hasigr s\sdemalshicludasa aanrretar asaanably conyrising ashelinaluding a

_ . o S i eaviti
et Bt A WS ol My PR oEfg SR I Bhsiraany and @
fiitifig thicater assenely aisposeldy withisiptheeshall.t Mihe fitiegshedtbr assembly

that .includes a fitting adapter, a heat trace section .
PSSyt ie Adamer 1 thedd trrgheestion gispaseduaraund the fitting
ébﬁa?)i '%ﬁo&ﬁ : itk 09] In

st It‘%}ggﬁgt er ?rb?érrsﬁ H@@hsygt‘% e§l rag%ueﬁtgter%?f? gﬂg%ga%%g'vi ded

t hat [@607heslrmanahenfpatred modpkar heat trage dspembiyois, pravided that

Py RETESEoIED AR SoD AT NS, o e
UrfRINAHG RS ReftCFaeeNSS&IdnY CaP! HRSast Obife ABHnfhating member

di el ectric cover surrounding the sem conductive
diepgaesk atasr end phibediegid@ceisecioner defining an outer

surf Etﬁﬁo@fd In yet another form, a connector assembly for use in a heater
system is provided that comprises a shell including a plurality of outer walls and
a plurality of inner walls defining cavities therebetween. The connector
| assembly further comprises a fitting heater assembly disposed within the shell
that includes a fitting adapter, a heat trace section disposed around the fitting
adapter, and an outer casing disposed around the fitting adapter.
[0009] In still another form, a heat trace section is provided that
defines an elongated shape, a curved portion, and a pair of opposing locking
edges disposed at ends of the curved portion. The heat trace section also
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conprising a plurality of fins extending fromthe
outer surface. [0010] Further areas of applicability

wowdr/oseone apparent fromthe description proRCTES2006/031232

herein. It should be understood that the description

and specific exanples are intended for purposes of
illustration only and are not intended to limt the

ircopes of sernisopducipie: pelyser @sie @ndBrIdEHeCHSCRIVRTISANOORdINg the

BIRENGPE Hagr Gvge R BSFSGHG cPUREURTIR Al lrer surtace and
cd rsiim{j':ia@mran? dfips IXeESTNER SHoN Dt denggrfacder ei n:

[ 0012 ure is a schematic view show ng one of the

appl iB@10bnsFurther pirAs &f anplcakiliycwilhbesameyapparent from the

. n 14N ¥ . .
ERBhtors RGBS g, PR HCDRE pROFhdUASRA 5y theSbription and
sbeaifie exdrmpledi appstdndsddod parngesds oe ilustition! omg; and are not
.1 0014] Figure 3 is a ersrpectiv_e cut away view of a
inyengded i fimidhe SPPH%@fEE%IP esenbdissiPsHeyure 4 is a

cross-sectional view, taken along line 3-3, of the
prior art heat trace cable of Figure 3; [0016] Figure
5 i s a perspeBRikie DESORBTTIONOHITIHE DIdAW INGES e

o ¢ 180317 ¢ FhSusasert dieciestin vl HeSBme wioee Pl iferstood from
tﬁ@@é@ileﬁi&é@ﬁpﬁoﬂl an@h&sBEAABENARY SPLhY ewMbRim:of the

modul ar heat trace assenbly of 'Figure 57in accordance
wi t h [00#2) eatlgungd isfa sdhenmtisséaw shioying oneef the@pgjications of

Fi gure 7 is erspective Vview of heat. trac ect 1,0
o MBRGgY  boal S et co Bl Puahhdidipf rasiBls and
duedsiiieags of the present disclosure; [0019] Figure 8
is an _end view of the heat trace section of Fi gwre 7
in ad@®13bncEigMre R isha ReIERecIVgsViev pha pieisaritheat trace cable

0%&3%695%551 9 gs%he%r%ﬁa cliiﬁgi S a perspective view of a

ector o gures in accordance with the
t eaclj00t8] of Figuee [3rie sepérspestive sutagudyOi@w] offa grioeafttheat trace
Cigg a top view of the connector of Figure 9 in
Kordance with the teachi ngs of the present

di sci@6¥SE: Figure 4 is a cross-sectional view, taken along line 3-3, of the
prior art heat trace cable of Figure 3;

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

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

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

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

[0020] Figure 9 is a perspective view of a connector of Figures 5 and 6

in accordance with the teachings of the present disclosure;
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[0022] Figure 1la is a perspective view of a connector

i n accordance with one enbodi nent constructed in
waeasntsnce Wi th the principles of the presentPCT/US2006/031232

di scl osure; [0023] Figure 11b is a perspective view of

a connector in accordance wth another enbodi nent

constructed in accordance with the principles of the

pr es 002t scFigsitr 10 [ig0a4}oprivigw eofl The | eorngniorsmécFiguee 9 in

HrEhiamse HOEARCBRALE o RO BEREEHRARAS heo
pri ngoe22is oFiguhe 1paesenperipaciias view of 8LAnettdtun &ctdrdance
1S a perspect ive view of a heat trace section

Withh oneuetrtediraent cengiHeledwint @egorslapsadwiihthe meinciptgs of the
r i sclosure; [0026] Figure 13 is an end
drd&erht oﬁécﬁ;geu rﬁ

View o eat trace section of Figure 12 in
accoff0@2sle Wrigard Hebtisacpersgsecidie vieew pf asmnector in accordance

di.sclosure; [0027] Figure 14 is a't view of a

Vs ane eé@b@@g"@%’ﬁ@ 8eveigdiin 2R %@ﬁ?clé”tw the prieciples of the
ptréé’é}ﬁid"imoé?fret he present disclosure [0028] Figure 15

is a perspective view of a heat trace junction

consf{0@24]ed Figuee ddcdamrcpenspetiive vieinr df ardomeieotontin egfccordance

the present disclosure, [0029] . Figure 16 is .
e BB Ronpra Rl baRSaRBee b The srinciples of the
préseif digbsduren of Figure 15 configured for an el bow
junction of a conduit systemand constructed in

accol@@2file wrighre ht2 t isaehipetpestive heiepr exfeat heat trace section

ShSE R Lpe P0ANe P Srnd S BelFi R s Bl gfictosure
15 copd26)ur eEighes 18 iddnussd view of the Keadivide S¥GHRORPUre 12
constructed in accordance with the teachings of the

ihpecAENeR Withdba teachingsel theipjasentrdis¢lesyeper spect i ve
Vi ew eat Secti ans, Wi e [ .
strug%zr@s iﬁ'bggécgrd' dgsntéle '%"ﬁ%& tgupp%&glg‘b%%‘;}p&%hcoggructed n
acberdanes evith itheseholsings of tHeepriesant diselosugect i ons bei ng

of ¢+ HOFTa; s Bdbi enpotioR ot of na abeek e unction
b0 8 sesiases s 2 anenly it o Y pRAN s

sect [@R9)of Figyte 618 ai perapedivgaded oftart eltémate form of the heat
t%%éﬁ{l%@ﬁ)%:?#itgnré 'qg c%o%%n're%gfsorcgn éltf)%\n}o jru%%ﬁcrfr% of a conduit system
and constructed in accordance with the teachings of the present disclosure;

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

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

[0032] Figure 19 is a side view of the heat trace sections of Figure 18

in accordance with the teachings of the present disclosure;
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[0034] Figures 2 1 is a side view of the heat trace
sections of Figure 20 in accordance with the teachings

wotoorlesps esent di scl osure; [0035] Figure 22 i BCHUS100€031232

view of an alternate form of connecting the heat trace
sections of Figures 18-21 and constructed in

accordance with the teachings of the present

di scl[6888E; F@D%]Zqiiagarpetzpectﬂ/%v'q@w opdlee iheat dracanagcetions of

nt f. { ti
SO 0807 G GrditLR et T aoforeRant ) 1k RRhifilc ngipresent
déclbb@epresent disclosure; [0037] Figure 24 is a
perspective view of a thermal insulation jacket for a

heat d0034hduFigusem i ris atside vievaetihedweat draget seatipss of Figure 20

ih ERERIBRE oYt R BRCTAES ol RSl oisk Bt o't h o
al t erjoegs] POFltrire Nk @8ldRt View &neh eﬁemat@ummd of @onnecting the
accordance with the teachings of the present

teﬁ%ctrmsechqreogbflgwger@ 26 and goa@rw@@tmv@cmr@w@ with the
% tngg r%fseﬁt&? .insul ation jacket for a
ea con

construc ed i n accordance with the
t eact{0086] of Fiduee RGds enperdpsciivescutaway ORAD DS Engthaee e@bodiment
IS a perspective view of a i1l another formo
th?ehﬂgef Pﬁ@%trléﬁtaoan 3j HERReans heatssanar comaliag With fhe teachings

St cqbs%q:é;ordance with the teachings of the
pres nt |s osure€; [0041] Figure 28 is a perspective
vi ew [0D37Et Ergntrelém it ar perspectiichdewrlf a heunmnat insolation jacket for

478 630udt ARy ESSa IR AdsrBlaRE Wt e uRRBRRBRGIDRE prosent
(ﬁg@gg@rezg is a perspective view of another enbodi nent

of a nodul ar heat trace assenbly constructed in
accor[@888F wFidure 25 iseait Bndgdewfof tehthesmas égulation jacket with an

St OB R o RRER BB g cochinas

cbfrth@cmégedﬂmlcmm@ the teachi ngs of the present
di scl osure; [ 0044] gure 3 1 is an expl oded

per sgB8BPLe Figsip 6 e posteaive aw bF aethassiem §f 8rthermal
'5‘?@%@%@ 3Qckst ARG $RBES WdnultNBohKACRAGR SEcdiBince with the

teachings of the present disclosure;

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

[0041] Figure28isa perspective view of yet another form of a thermal
insulation jacket for a heated conduit constructed in accordance with the
teachings of the present disclosure;

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

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

disclosure;
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di scl osure; [0045] Figure 32 is a perspective view of
a heat trace section constructed in accordance with

W b@70eEehi ngs of the present disclosure; [00480T/BS2906/¢31232

33 is an expl oded perspective view of the heat trace
section in accordance with the teachings of the

present disclosure; [0047] Figure 34 is a perspective

vi ew[@044] heliguta atds ascexpbedasbpprspective Views ohtte modular heat

BPAARNSY 4 AR SSRGSk P DR, b prosent
didedigat trace section conprising fins in accordance

wi th the teachings of the present disclosure; [0049] )
Fi gul@O4H | sFighreni? Visew OEranestiveaview feasdeat drace section

oF AR BH7 abb P RE w R b Bbrego dibciBues
di sc[om4a]e; FiQARDB3Fsgan eexplodest pepspestiestviow ofi the dbat trace
an_insulation jacket constructed in accordance with

SPARON BaatnoigaNGst With Ehe)ieasBNgsHTdhe peerait dSHSHICFi gur e

38 | i%%?c]gnswﬁpk?%” of ikhg 'p%éé;ﬂe%?&?ﬂvb% kgt ait Meat trace section

acco he teachi e presen

cdimgeistorgufies ah0@bAtrEctgd ile ag8Boidmnae veths thectsiachingisexl tbé present
a heat trace section engaging a term nating nmenber and

d ®cted in accordance with the teachings of the

pres I SCE; E i K@M ' j isi
D1 onrog B TEPHS 8B bRaP EhASENA 18 e 2kl SRR pomprising
finedt Beeaydlanée with the ings etthequesentdiogasurei gure 4 1

' t | i ' f ' .th -
tor 009 "FiaRBE PB o plito o R BEAIPR RS s Fmpriing

fih6 ¥Fldl digBosdd WiRiNPAe FRDlatidnsatiestun @iccbRdpib Wity tHeetedhings of
IS a rear perspective view of the housing body in

the praseahdiscldsurest he teachi ngs of the present

di scl ; ]oFigure 43.i fr rspeetd v.a: :

Vi ew[gééﬂaﬁ e&@ggegpggf %t (e ‘B%frs h?%tgltel n\g&’vne ?eran ftsuif&tion jacket
consistictedti®dccordanco ndthrthe teadHinghef thequbsagsdisdiosive;

present di sclosure; [ 0057 igure 44 js an baclﬁ( end

vi ewl8951tlhe RiSHES ﬁg i$) ng,view of the insulation jacket in accordance
with thé teachings of the present disclosure; ‘

[0052] Figure 39 is a perspective view of a heat trace section engaging

a terminating member and constructed in accordance with the teachings of the

. present disclosure;

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

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

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

[0056] Figure 43 is a front perspective view of an end cap of the
terminating member constructed in accordance with the teachings of the present
disclosure;
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accordance with the teachings of the present
di scl osure; [0058] Figure 45 is an back end vi ew of

w0 b@7lomssi ng body with internal electrical conPEDUSIING031232

and constructed in accordance with the teachings of

the present disclosure; [0059] Figure 46 is a front

end view of the housing body illustrating portions of

t he §0887Y i chlgurenfdcis ams el eodswiavectefd the housing body in

acc danc th th t ea the present

oG5 'M‘I&“o@éf b 4 ey asBhe b BRgRIRERG i e of

the TOOS8Rr PRpire UGAS AnASERGNY vieanst ﬂh@%cﬁﬂsm@body with internal
accordance wi th the teachings of the present

Qiﬁ@@@isfm@ecpg%ﬁpdm(y@tr@cml |nsa@qrdan@e W%ﬁ@cteaﬁblngs of the
pi;éggypgj é(gsq%gonnector assenbly constructed in

th the teachings of the present

di SC|[065@§ FRRe2]46-isgurieorftSend view @R rthe elicuaed |b‘é§%/ illustrating
vi ew of the connector assenbly in accordance wth

RostiRns R dhereledtecayr @@@mctlan%,@r@sge@strq@@@gm achmlapogowﬂh the
téécﬁﬂn%§6p h%%gsgﬁtr&igaggu e view of the connector

accor dance vvlth the teachings of the
pr es¢0060{! scF@mm e47[|@Oé4j‘roﬁt gande Vievi of the pmoduldr heat trace

spective VI of a fit er assenbl
8@ RIBRG coarptiisteth b chsvoitaittn Witk Peadmangadss of nige present
b: di scl osure; [0065] Figure 52 is another

part| al’ perspective view of the fitting heater
asserf®0§1]c onkigure #8ds iarfrerdersentivewiew of tiee t:eaned:tngassembly

BarliiSeli§ 28ibulins v tRiterdites ehlifmhennt GRcdaure:
out eoees] NOFiRAYE A9 i3 SRAP pPaiddtioe ANsly CPMSE BYRRESIol Bssembly
accordance with the teachings of the present

lrcuia§@¢r@l§u¢@wﬂmbe7tpa¢mgm ef he presenfpdiselpaure; ve vi ew of

acconBRTE PR 0 o€ o BicORT s PRHLECHBY L7 1RE ddhmector
aisembqsmreﬁ:cowwwdélﬁ)ﬁlﬁilhé:te@uhﬁngéfof itiSe predetie didcRysues; _t he

cover engaged with_the shell. nmenber in accordance w
the 4@ ngEigsfe tik igr Bspattiali RarpRRciive. Misysogt a f(ttmg heater

oS86H B &%ié?ﬁlcfe‘ﬁ ehe ot hiitH "fleCablchings of the present

corre
disclosure

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

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

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

[0068] Figure 55 is a side view of the cover engaged with the shell
member in accordance with the teachings of the present disclosure.
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parts throughout the several views of the draw ngs.
DETAI LED DESCRI PTI ON [ 0070] The foll owi ng description

WO gome1esby exenplary in nature and i s not intePdBUS1006/031232

limt the present disclosure, application, or uses.

[0071] The structure of a heater in accordance with

the present disclosure is now described in greater

det ai[P06%} t Heow@sranding t refeemcs emearaisr Indicdie hearresponding

BRI hever R G MR R ot Fon. ¢ ubes

pi pes, and ot her enclosed or partially encl osed
menbers for the transfer of fluids or other nmaterials

szch as powders or HEFAILED DRSCRETEPNal s carried by
the c[ggfiﬁjat STﬂgszﬂé\Mﬁg én%ﬂbﬂoﬁ ﬁ'sc(lgﬁ@jrg& %)/%/%@%r)é%%pg? and is

['iqui nd gases an cl ude,

rfdt intdadédnad limitehd pestssint disetbsurd pplisat@nigrarddct or
processi ﬂ]g ﬁ_{ﬁgar atus. The foll ow n% description of the
pr ef dPPENT enhBai BiEWetaray afhar Beaies e acgordaRgea With the present

) g : $
FEAFEE L8l RESEAS 10 GRARCULE | STIE Yo et Abud be
undeestbodnihatt theappbridc dtcondyit’oasusesd Hrooghbutgllyis specification

B3R5 etk e BB cRBSs P Gt e” GREd8sH asartaly ‘sholosed
rA8RbbRidr @ Wansies (R MuRls SrstHYF Hﬁté’\’f‘e}lé @uéﬁ%'%acygt%rs or slurries.

wi thin the scope of the present disclosure. |
TRef gratenigs toarmi@d by dhe, cendsiéei desedbed dmerginoicekisieagsolids, liquids,

S em10 is il.lustrated i ch nerally i.ncluydes.a -

0P ey BSTHREDT S Bl ST s Hhstag JishSidhed ithin

Heddnvigoidsost gitobssngr ageaatds00! ThantblwiRg! 86scription of the
unpl i ne 14 that extends fromthe process too

|
Reﬁ%f@gfh egniadimantst yidr referpeeie ssued @hélamicmotw grocessing
BRSSPIk D B A PR M i g0 it e

ipvartiess iisgapeipatiormentuseswhidcbortisgly,y thiec tddchifge of the present
C%: or{gl i shed with heat trace cables 16 as shown in
Jasilre are gt iliad 't 8 SenuERIACTaIEPRRRSHRG @RPAGRIUS and can be

9808, Shyrchdn bRkl e SRRKLRS, MuR BUTRELES of
presentidiecldsurasi ng a gl ass tape 18 or ot her securing

nmean i topal.l insul ation 20 i ften placed .

ar ounOPPE 1BBHiRd e FiliSp &L prhBop et PrdksSbsystem 10
ilUxeraed SiERhegendralVeRéludddIe haalddaghame?92i dhat extends from a
typically wapped around the heat tracecables 16 and

reeole gasi deliyeae sysigns & &r proseps deels antl a dipatent pumgdine 14 that
e%é)dﬂ%df%ﬂethe 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
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gasline 12 or punpline 14. [0073] Referring to Figures

3 and 4, the construction and materials of the heat
woe@cmisebl es 16 are illustrated and descri bedP€TUS2006/031232

greater detail. The heat trace cable 16 typically

i ncludes a pair of bus-conductors 22, which are

surrounded by a sem conductive polyner material 24

caides flonand esasurgsl in pleae inygseparaienpiecas difdapetorn iearound the

i nsul ator material ,26 surrounds the sem conducti ve
%?oﬁ%bﬁgl ?]raqlgpglr eiﬂl‘, whi ch may optionally be

surr qeo#sy bReferiBbab Hgaied 3rahard, ahe Zdregustisrvantiahaterials of
addi tional functionality such as a ground pl ane.

tharhasé tracarrablaset6 perilestraedsand destiibedia dieater detail dThe heat
RIL dBle 2 'R} AHEubBE §V§éﬁ?‘! bt FRREN ot g dob NSunich are

er’jac typica i ating éria

sitdunaiedabyt Aeemigdratictice poBddl matdrizd@githaeluaictives ¥is a heating

| ower cost than other heater systens, heat trace ) i

lamest 16 diglactiice Oédﬂswlétqre'ﬁ‘éfq{'ﬁl P& EIreuBAg thggsemiconductive

%}'/Hn%?%h@@l . ﬂﬁﬂ&ﬂ%bgt Spﬁd?{aﬂg%é?[%ﬂodn%l'é@ B#'a metal braid
ch i's often tine consumng and cunber sone.

rAdtbirial 26l dsy shbemt fdrr additionll ésndiionalily soth ass capgbled plane.

s _other heatjng systens i rovidi a relativ
EtTasr A1t lgRet 88 Eoundndhe meetrl st e Bhal ga damrotect the
i ; neliag i
St skl Sty AT A o ot e uc
aseathermuyasiishl es 16 provi de only casual contact wth

t he jt to thei.r stiffness, and difficulty in
ormit78h « ARt esBivedonghaast Mauaier rRAer systoms, hoat
tredccEA6S 1860WUEOhE cOtTERRNGtH i 1Pediel® and Jplged atogRbppropriate
trace assenbly adapted for use in a sem conductor

garestyi 9f tgfeinah Mhich i cbiedaritee weensumingr hd cumbersome.

' t_ di sgl Qs is.il t : .
AT Sl rhSo BBt A R el b P ] yetoms i
prodidiry ahrekitivelyagdfoandaaiing mofilecaipng sies ldrepih of Bacenduit due to
tBecti ons 52 fgr contacti nﬁ and heating a conduit

3 of
Renaiad aBRGE FBYCTRIB AL MRy ralglitalyriisle Meansol ohthey are
R 8% SHRAIR! HeR PARCAAR 6> BRviRI1BRE! Qishiap bontact with

or securing adjacent heat trace sections
theceonduit dbe todbeirastifineas andadifiastyeimbioymiry t@ the shape of the
cor(rﬁlgnents of the sem conductor processing system 10 ‘
COY¥8scri bed in greater detail below [0076] The heat

-tracqpgs] i ONGittP ZeRiéndy bR &PIRglires B dhAsudN8, 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.
[0076] The heat trace sections 52 are preferably formed as an

elongéted shape as shown and include a curved portion 56 and a pair of
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el ongat ed shape as shown and include a curved portion
56 and a pair ofopposing | ocking edges 58 extending in

w@2doongissadi nal direction of the curved porti oPCBHES20061€31232

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

ampoemgslmckhi@eedges 158 exianding imsatlon@:tqumalf tdnrecﬂmuoﬁ tiee curved
0 the conduit

he h
RoR 58 oThR S0 chor 561 Gad af BERGSuliath sad ffinigg #n open

dhfanhBPGQnidrr Sla@éﬁ@n’t Sdibﬁmeth@fcdrftﬁutcwdu'melﬁwﬁe? surface 60 is
provi de nore uniform heat transfer fromthe heat trace

FHef@travan mpl@mmarc/otmant ouigr suface e thevcboguit 13 to allow for

<BEhine 2RS4y Yo ot g2l ilaha37,) ThE hutgh Porion 56

dr@i%rétﬂgi lsunduRdees 168t Ralb PAERS cANRY bulch sarfdbe &Ftth€@onduit 13
transverse to the longitudinal axis of the curved

todprovisle Berandniare beat gansighrfeemaiber beahdiaret saaiopne? to the
C%HU@ 1%9618{1 rhﬁlou/eﬁ)tr ste'if%&l ti‘&f 'tﬁé“?\e%f hrageb%%%tﬁﬂ @Jé%und the

i ncé eat trace ma
dohdunhamwﬂheGBCthbwgehsat trace section 52 is pl aced

around the conduit 13, Iock| ng_edges 58 n bhe o
def | 480¢A ou ﬁéhiw OfKINGK PRIEH saaa%iépaftnaadlrechon

thRduide té%h%@ﬁg{gﬂéﬁ?%% 6f(1{51§ ‘”cft s S?Brigﬁ% ahd %?@ o configured

sect1on further s own,
a5 ’maifacnldatecmajlmmmﬂmgwf tree hpabmdeobeutrbhs 52 he theatonduit 13,

% TS R PR analBr] RuRulateRaf sha pnaifehhe o 8 heat frace

s@@f:&\@rﬁi Msfﬁlg%@pﬁ@ﬁhaeth@ngémﬁﬁt and 8. |oERMC AGES DS Scan be
ar e confl(%ure for connection to a power soufce

otaﬂectesirmwwﬁr prangrareitiem §iasedtagaingighe hendieiad Stwharereleased to

S5kt it TR SREPN R e Bafifi oo, comnect i on to
an aqoerzgnt AedurthepeRowachigdir bR c@ndn@toam(aaotau@cmtnded within
connector 54. Although not illustrated in Fi aure

the rhaad irace jsection i M@f%ﬁ@[&r%@[i@dth@hﬁl(?ktrﬂee ges 5t8r ageshown,
vv?r?e%fnotﬂfa%n‘aglgﬂfré Ak 581%519{3?2‘* ng»?oe% YPBE 66 and 68. The
a die tor eri al

maet eri a ectric or rnsu
cmuduohmrmlBngarehmrﬁ@mremmmnnneetlmltqrmpowat soi@k, (nahghown) for

may. al s t f d

P ARSCAEm e Pk BacaSesian s  {heicotigats 64 are also
a Eﬁ%l WA R BelBh %Eé&b?délraﬂ Hefdw, for %hﬁé&t% 1 ér’f‘ aH @ent heat
heat trace section™52 f purposes of clarity. [0079]

ireice #rciion hacer dea@n @dj@csrzt apenester éﬂabwthpughdmtelﬂuwated in

ﬁé&rgé 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.

[0079] 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 o length, according

10
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corresponding to different sizes, or outside dianeters
for exanple, of the conduit 13. The heat trace

wgaeaviomss4 52 are al so capabl e of being cut to PENYSINN6/031232

accordingto a desired length for a particular section
of conduit 13. Preferably, the heat trace sections 52
are provided in standard sizes and |l engths for ease of

toep gliesirat dengipl foe @énpatticular riegtian o repmiduitsidst Aretargblyathe heat

L B S S A5 57 SR S R e o epar

ab reprcsreidiititintzocomduit §asdmnirhds tHeesdmrppdlictor processing
di sclosure facilitates a relatively | ow cost heater

sypterani el shewsasi Agcaidinglie dheomedelnidaenstgyatioanof the heater
d PQQ]actgﬁﬁzﬁﬁ%c{”ﬁweg@é’cﬁiﬂgggﬁg{negﬁrbe%e[wﬂ&@u%%uﬂelfebc:ilﬁ%tgsi%relatively

onj unc I gure e connec

lowaost 6dater eystent thatts basibtadapredto Alvendpiveysietn.ends
66 or_ 68 of the heat trace section 52 to secure the )
heat [OP8BL sBEfersRIsOWotos Figips e ifravehy 1d £ albeconjunction with

|0 r ity L, d
AT AL eoR SER Profig ATl gt one of the
dppositd ernist 88 ahédof dhetteatfirdde sectfoor S2asesadure the heat trace

SoB b8 Sl ol Ao RaF s SSblanchE bt B 6o o 70 o
t]flbtddnﬂgit %toég?]ﬂos P'réf@raftfh?,“?ﬁ@ é&]nb%r%mefo?@e{d@ the shape of

itting. The heat trace section 52 an _
tbeditiing tor easeddfinsiallatian agd feaovale sAdditianallywafroatimg cover 72 is

i ck .engagenent and di s agenent ..between t he heat
Bl SR RIEN TS ek S L SRR s AR i 8%k formed to
thklshape af theefigiigodi ment, the conpnector 54 is provided
with a gair of correspondi ng grooves 58 for receiving

t he dORAALLt ol Bedwpatifacensegtieont §depd the gannestories detife mating

b8oq 5 cBORT3EE OB o ETRREbEry o o et
thadensecl@0®2] afiietheonommdator 54, may thismilusEaticnemibodiment, the

| urali té’ of for foE el ectrical connection and. heat .
S1E 54 I$ REVIIRShWEE aPal Qi RONesRORRINgsIMOVER S for receiving

tﬁ%%@hcﬁﬂé‘é&?%ﬂi?h 5%{8 é[gpif:%llrlﬂn {1 B eMpidd) JF é&b’o%.edl wires a

a, the connecto npri‘ses an 1 nsul ative materia
raadlt iof cdtopleisgelireat heahlraceriyee thmater, esedescribedlirs gosatdr detail
vvilthi n the 'grooves 58. The el ectrical connector
hglAWents 74 are generally in the formof a socket and

are g0e8tpd TRe'REREERIENRYNCBIAHMNS oRé Gt Pty off8rms for
el ectrical connector elenents 74 may be sized for™an

elegtdealcpaimestion tandoheal transfat 1 pccordanpe vt theeteashings of the
6@&&08%%%8@ 6th @Sfirst form shown in Figure 11a, the connector 54
comprises an insulative material and includes electrical connector elements 74
disposed within the grooves 58. The electrical connector elements 74 are
generally in the form of a socket and are adapted to receive the conductors 64
as shown. The electrical connector elements 74 may be sized for an
interference fit, or alternately, may be crimped onto the conductors 64 as
necessary. Alternatively, the electrical connector elements 74 may comprise a
squeeze connector, which is also known as an insulation displacement or
piercing connector, that includes an electrical contact that is moved by a flexible
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necessary. Alternatively, the electrical connector
el ements 74 may conprise a squeeze connector, which is
wW@bk®o/okisewwn as an insul ation di spl acenent or pPEr/UFI906/031232
connector, that includes an electrical contact that is
noved by a flexibl ecover or housing to contact the
conductors 64 through their surroundin%bnaterials,
[

cavey. or i Insuding i tog contast | tie, copauetortl 4 ithough Jhalf surrounding

B it P O Pl ST A
mafdifal. anG axémpRrr acz{ﬂ'u'étekteOnfori:mafl::tbrcrsnrliasl?rartlesnl ar &.S. Patent No.

commercially available from nunerous sources and,aﬁe .
4860,278,1and & wirlehyabel ehbpUgiCeRBEsoRt are Gpnpyercially available

nalye i ah _ '
rRSEBPIRE sohinaB G Sl ABARHAD o 8 by foreviy
ABEbIiTYIY, e shegiaehe Lintibmstguc treita dasety o ielectrical edrndators may

al so be under st ood, t hat ,el,ectﬁ?éi cal coggﬁcti on btetdwe n it
behemplayetr Whke TeBIaiRe ovitin ehenseoPes O4 PR JYCPRR! Glsciosure.

s580ACSER" ba%undSsiddd FRiiClleBiidal & ofneblish [HdtRedR, tHR ¥lectrical
N ;

€ enpl oyed 1 n order to provide electrical

coanédtorbleynants Jdsadrbss tenceutemtorsdy, assindigated, by itee gaghed line
el ectrical connecti on appr h whi | . L ni .
76i 1 3l50ebe EPROKPT IROTHRR LG OURE FIEeIFal CoRfaY agross the
cBni&&BNds4 0 UBRP £ heaWbt) Nof | GHERICAL borinetieenapptdached while
S

conprises an insulative material with the electrical
reropiming withisl thewcope D thes prsenhdisslosdraand al so

TP L08R, UBLS ol ToRE e T B AT FldiRe 1y, rBPegtbotor 54
cBRfrisBB &P indunstiver Aitales Wwilte theqlectiital dwmatectar eleenents 74 as

fitting 70 of the conduit system 10 and .S constr ed
ShawacEENEanod A AOMRESER AAHPHGETEH R tRCecgRRIoN 76 disposed

di.scl,0s e [ b i
TENGEACS, BRI oIE7 PR B0l Ll 10 s e
réq\sisik@thioae totherfitdhg WOt oF tiee conduif systeth HBaand igcenstructed in

section 76 and not the electri ca{ connect or el erEfe?gtgbove
X ]

apgordancenyith 1 tRAChingS ObIFLRESPA! $aCloRtE P APSTH
CO””E@@QA o4 A% %’&]F&M@oﬁﬂdaéfsﬁhowbw?ngnﬁé mI@\; tipg heshrigttor 54

anot onnector or termnal for elecCtrica _
comprisesi am irtsulaivpaneterisd wiitethenpre-fonoad )heak trasensgd@iop, 76 and

t he copnector 54, in gach. of t r ikl u

oL AR o hE BS54 1 04 ot
MRt the Ne¥Nectér 5iNAS PVt aRBeAR! Bubssremitipgattached to another
capability using TCR (tenperature coefficient of -
qoegestoamret)ermmegmrael@,ctr CPRPPGIREUIC Bnpfavelt Spwoe (not shown).

by b AR 0. ST o A0S WS8R, may o
include a discrete temperature sensor (not shown), or inherent temperature
sensing capability using TCR (temperature coefficient of resistance) materials,
for improved temperature control of the heater system.

[0085] In yet another form, a heat transfer compound such as a
silicone or non-silicone based paste, or a sheet-type thermal gel, among others,
is disposed on one side of the connector 54, on one or more of the exposed
surfaces adjacent the conduit 13 for improved heat transfer. Accordingly, it

should be understood that a variety of thermal interface materials may be
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silicone or non-silicone based paste, or a sheet-type
thermal gel, anong others, is disposed on one side of

wo b@7omsnect or 54, on one or nore of the exposedI/US2006/031232
surfaces adjacent the conduit 13 for inproved heat
transfer. Accordingly, it should be understood that a
variety of thermal interface materials may beenpl oyed
eh@iibyath bbtheor dine eohoectbr Sdraimct the reaitiraceadactioncha éningprove or

b RSOl AR B h BB prosur

Shou'[ﬁoé@[ NOf %‘F‘\ohtb%e%té& et R Rl B thif Y §roove configuration is
confi*guration 1s used for connecting the heat trace

usedtfoocorrdiingtthe heahtrace sectiar 53dadhe f:@amm@é5fro¢ther features

OBBSEAPR B AT Dl 350D AP, BBy o4 unctons o
so8Gkd gﬁb Pat ¢rakB @éﬂn@ﬁem iheat atiiaeesat heat trabe E2ctiod 3 and to
provi ae el ectrical continui ty acr oss the connectl on.

rovideraegirieal sardinuity aciessstheesonnestioae, Fasyexamplgs such features

rgé()? Bﬁll C:ﬁ%@g& Eggrf‘\ﬁles %ﬂ{é ge??ﬁ%?% JiB€ dddfetifke to align

Db $xips e niAmigustRfctoreh eﬁddlﬂmmllyebéaiurmmer theenmechanical
may be enpl oyed, such as el ectromagneti.c .features
alpineBts @ 6 ﬁgrmpm rsuph@sseleﬁgoa%gnﬁ ic fpalsh, While remaining

@@ﬁh@%gg o LPR&7 rekémstg Iso be noted that while

_ face section escribed in the first
enbodpoBy} t &t $teowd almbeerubt@abrtmatowhm the iheahdacetgastien 52 is
section 52 is_not fo,the sh

dseribgRriacNETaS erTHOGT A KPR @ HUMFHAHEZD §6 dbg hoat trace

sct—:%%h Bndt fithi %t@ﬁh@%ﬁaﬁ@%ﬁa cdniibargdioasas Nlusipatebierein. The
properly secure conduit 13 and thus provide

Hrmuraoe smOocﬁﬂjmm bemf aRyrshepers Ongtatit kaatbe praperly secured

t| on 5 ve t

SRb BB TERIRG AotBRLRAR Mo ORRE, Le! SEPERpIS o noa
t‘i‘é’ée RREASS HBY rhay Nkl herddiaiguldre shape for aeeeivigt inonectangular

be in direct contact with the conduit 13, as

merntes'qumgg‘u;th%péefﬁrrpa Iﬁdﬂqﬂ@\,@&@%&ﬁb%%ﬂf@fthﬁgg}q H@at trace

0
glgé gg;k%ef g?l}?l:g e enp g@% gJognrdgEn %ﬁoghé\ﬂﬁ ARPldescribed
ﬁér{ewlfé eichrse tHe phmosendhheaﬂxﬁg ttae: loenduthat8.a Motegiver, multiple

| | ustrated
biages of Burihest KBORSERIGT DR RL BBITHAGYEN arouapd o prgHifrerence
Qf tﬁée&ﬁd‘a 15 %?Héﬁhah%%ﬁ%}le‘?ﬁé@é bk Mshididd BEfehs. SAcBN@riations
tTace section Fn accordance with a second

shdaadi peenindeirstobd for beewithini the deashingss agehseeipe of the present

i ndj cated by reference nuneral 100. The heat trace
diseloPHI®- 100" i ncl udes a

[0088] Referring to Figures 12 and 13, a heat trace section in
accordance with a second embodiment of the present disclosure is generally
indicated by reference numeral 100. The heat trace section 100 includes a
plurality of conductors 110 in order to facilitate a larger size conduit 13 and to
provide the requisite power to heat the conduit 13 and the fluids therein. The
conductors 110 extend outwardly from the opposing ends 112 and 114 along the
longitudinal axis of the heat trace section 100 for electrical connection to a power
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plurality of conductors 110 in order to facilitate a
| arger size conduit 13 and to provide the requisite
wWEowen14564 heat the conduit 13 and the flui ds tPEr/E52006/031232
The conductors 110 extend outwardly fromthe opposing
ends 112 and 114 al ong the |ongitudinal axis of the
heat trace section 100 for electrical connection to a
g0 s(Bok chopt astennty andadiacent Agabdfansesectieat100 or to a
&{@@@cﬁ tion 100 or to a connector 54. [0089] In the
d ve enbodi nent, seven panels 102 are shown to

def i 7089} ubm #e floanasve sRtbddimeriie seivgh ginels 909 Wrk shown to
13 therein. panels 102 are not joined al ong _one of

definera Flﬂ}\’éﬁirtfihﬁnﬂi@ll 196&@%@9@&/!%6\&@%5 T3oifgreindiTvee panels 102

| I 0
Faiqt B RIHE e ot RIBHIET S4e8, 14 £ p opajginal it
108 as thewnornthel laniBudlﬁamm 10Bdatiittated thecmosating ohtHedReat trace
is made of a [nl exi bl e mat rlalth@% defl ecting the two

g8&ten s 0Poontg P ReGomOyit Iat tiagRgactiannklo s made of a
f Ietrﬂgté?i%?&@‘r r@éﬂ%cﬁﬁ@thenttvﬁp%aﬁ@% QGZSS&Wa‘?{]’lP/%%E define the

e conduit to heat” trace sec
Iaeglpxcbmlcaht N Q8 ddwchédicidacd S&dion 130 pare\beosﬁdwedtoaeeme conduit

100
st tarths Real Fabe Sorln & e mieioUTAHERG B Far ger
si ze | Oﬁgﬂjnumebr&flo@ﬁ{ﬂeb@té@ztlﬁé‘uﬁeﬂeﬁ%d:‘és SBHbHE100 of this

si ze of e conduit 13"to be heated and is not limted
arpbeditnemt 48 prtamiatlyy suilabie Ifors ar eonduit daingi aelargerf size. The

RS R oo tops esRih e e g ot R fobik 18 Yo heates

aryishetdinfilcayiebevetiglsngvi th tHeem@gtm\@r@knb@aﬁmm of Flgures 12
requirenments of the conduit 13 while remaining wt

angk 18e odk shpulchbepradernsioad dkatoany umlp@¥o of Wﬁqrﬁgﬂo and
ddred] Sﬁﬁﬁlgﬁé’?qéﬁ‘s q'é%z;hﬁyor eﬁ]@%a/etdhgécofrgﬂg ot si é%i and heating

ada I -con ur es
rmauirementsmf thencloreduiir 130ﬂnlecﬂem1a15:ﬁgamtimnethem«3ip3e @fmtbnwrpresent
dds illustrated and generally indicated by reference

SHRFWP- 150. As shown, the bussing adapter 150 is

pr ef 6[09@’1%3' P{e¥é}ﬁn§0fdnp@§ur@ f4ng gb ,ags ﬁt@P%ﬁQt functions to

bet ween t _ heat tface section 10 e connect or
&@lapt e mukidsonductonpmibodirBent ef bigafes 4Blandah3 to a two-conductor
mat eri.al _and i ncl.ud |ural,t

oot &F 45 euBurTorani s TasfaBroaR sadaday opoicated by

refitencs Bumprgll EB@bAY dHbvir)ehé BUBIAG aﬂ-‘%%@ﬁ $50 ﬁ@ referably in the
receive the plurality of conductors 11

foracef ading dhatiisodisprsed daipenithe Ig@aietra@mse@ugeu mp and the
IABER) 5420The bussing adapter 150 is preferably an insulative material and

includes a plurality of electrical connector elements 152 (shown dashed) on one
side, preferably in the form of sockets, to receive the plurality of conductors 110
of the heat trace section 100. On the opposite side, the bussing adapter 150
includes a pair of conductors 154 that extend from the body of the bussing
adapter 150 to engage with the electrical connector elements 74 (shown dashed)
of the connector 54. Inside the bussing adapter 150, the electrical connector
elements 74 are bussed (not shown) to each of the conductors 154 to provide for

electrical continuity.
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i ncludes a pair of conductors 154 that extend fromthe
body of the bussing adapter 150 to engage with the

web@cwordiseal connector el enments 74 (shown dashepT/U8200é1¢31232

connector 54. Inside the bussing adapter 150, the
el ectrical connector elenents 74 are bussed (not
shown) to each of the conductors 154 to provide for

el ect [0(}92] cdﬁéferring noORORiguRes @5rthraughot7 t in &wdaﬁce with a
15 throug in accordange with a third enbodi ne

Hhird ﬁ@qm@a@m ot thet PERSGTS. GISpIRRLE, 8BRS aRR RTSHONGr use with
ﬁ@ris\sﬁ'cfl ﬁgtépﬁsc%dUIP'ﬁ?éi%rﬁf1@ i§ Wdreds%ﬁae@ generally

r0VI nd is general I ndi cat
'mmmzrtad thGaefeﬁmwhnumeralhEOMeaAs tahoown thecheaintra@se) junction 200

Brep Aty §bicesn Riosons R EAEA g T Ham BIUGL oL BDE 594 extending

ns g d
94, 855 PP 0TSEERY 1OME Ane 24N SN aRling ond 200

poovagedh dyitic anpaip ofecorsiiciars 20Btfos komngcting i asdpdisernt power

SR 8n6E) b7 B et HoBhuath sBRIAR oBTipbrbh2 Autoush ony
WUb&mdlﬁztmdgost afsl HKRn aatP ity adridagiy érmdlgvaarﬁ should be

i.e. nore than two, may be enpl oyed according t
gpdeistoad e plusaflly 108 ROREECIARS, i @- Meorgi hRRJWAL tha mber@mployed

a500% R (el RDS LR P AL EkRIA) WinpL B scope of the

praint | distleatiieng AddiionNpihs, pathdof ﬁh@lmniddlctlﬂs 208 may vary
under stood that paths other than those il ustr

RepQIdiNg & @peﬁflavfa@atm@ ERAMERRNIS, apdot ShRY! dz@@ H%@@fé?ood that
f bg ~C I

R Bliep R gk IR¥Ratc] Rt & o BRNBIAF o, btb! oo ams

QDScﬂabImrr man[ amgagur Eeestiman, shadd heimonstbue@s dalindgevithin the

nmed into. an pr |ates pe to be properly
i 0 18 S0 e P e3et SRR Sy ot om 10 For
exanp Go9d1he eahehf 866 JJ&H&'bhOZDOZ@Qn ‘b@r‘fo%eﬁ%ﬁﬁ‘ﬁn appropriate
into an el bow shape 210 as shown in Fltgure for use

ghape da ¢ yappiin coowitedf tor Aejuoeiieiuial thgseendui systeowi0. For

eRamste e bt b 200t &y B b Bl Shy s 210 as
EROWHSIA NgUhe aGderLUfEé lvmh én%lbﬁwombn@f of tRe ceutbiviit system 10
system 10. further shown, the conductors 208

&hqwn oPiautad ). Ailipreateb d1g bertraambinglo ROMEAYPS 56 formed into a
%32‘]1@ ?%o% md@lgﬁmjﬁ‘?%roﬂsé Dfnnggd Be{lon not shown) of the

conn Ctl ng unct an ad acent
sondluibrsystenh 0lGa  csriether sh{3®694ﬂue Reheuciony 208 lﬁna;uvcempnse a

%/grlét?/rgfuc%mﬁéurlatlons rg%ds lo?/\;n melglgutrésa(fg and 17, depending on the need
for connecting the junctions to an adjacent heat trace section or to a connector.
[0094] Referring to Figures 18 through 21, a modular heat trace
connector assembly in accordance with a fourth embodiment of the present
disclosure is generally indicated by numeral 300. The modular heat trace
connector assembly 300 comprises a first heat trace section 302, a first
termination structure 304, a second heat trace section 306, and a second
termination structure 308. Although the first heat trace section 302 and the

second heat trace section 306 are shown in Figures 18 through 21 to define a
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connector assenbly in accordance with a fourth
enbodi nent of the present disclosure is generally

wo pa7ostsed by nunmeral 300. The nodul ar heat trBCEUS2006/031232

connector assenbly 300 conprises a first heat trace
section 302, a first termnation structure 304, a
second heat trace section 306, and a second

relativelyafiabshapeud: sheuldose underdlogd thab tHEr@SpE@fate heat trace

<08 2024 30 il of S8 VoA sAARE ByRF B PR ciroutar o

cytindiddl selapefdrevioasigitustriateds hAdt@#db?Nd nHefiat @ﬁdpé BRbduld not be
the respective heat trace sections 302 and 306 can be

constHyd gedinaiting éhg serngpel thadresantidizclesureul ar or
cylin pbgﬁgha%hepﬁrgg{@\é; gtg%{)ev sb&'. Hoat &fq feCes gdﬂbg'r%é’at trace

the f pe s e con rued as

sectipe 306 eheh haes amt alittiod @hdr 810 EOAYS]2 Fhe o distdl dfmJBBM and
heat t ra e section

302 and th _

6o EAEROTHIPENGR SHBGLYem SORIRI0P el Peadetha inespBygng ends
T,

el S oge IR RIS R SUHHUARESAN, 98 clotrialy

doapledrtagetiert eMore@)e‘cdlcakb}el the finst Itmmmaihdwy strodture 304 has an

GBELS B sEPUR) B9 R B RS S T socon

teehihaAon ShBcanrd 308 a%magrwe@rrespmmg Qrp;p%mngéibmg portion 322
second term nation structure 308 al so has

ansk a OpEsPoNgingplewier @rmgaginggmpr@om&ﬂql 32‘2eampq engaging portion

B FRE Brehn SRARNE P bl A fin rofiREREn whie the

uplper &rigiagindPporiini B2 of thé eeond itgkninkiion siict8etdB defines a
engagi ng portion 322 of the second term nation

S@pﬁ%%m éguo'@%o'aé@ ifaeititate MQ@eaewnb bebweesh the upper engaging
AsRfiis, 38 Sul a2 DS PRorehEl 5 BBt BnaBB Bt o a1 of

teadagt rigrrmoatnormrstﬂit&;ref 304eintiudst & epair ruit pios 326. The upper
structure 304 a pair s 32 The er

Biogaiich G g  $9¢ 2t Shend T B matergn 908 noludes a
o‘éh%@?bH(ﬂlﬁ 39§|r'W'slé@l?é}sasg@rfbﬁsr@@@ﬁinﬁgtr@ m@fSZ’SDQIE&‘e% thus

or receiving the pins 326 therein, s provi di ng
paowémlgaaur@achalmcalea@dtaiwad:alcmm@@tloon meeraéwlyabﬂhp termination

hhgtgfgﬁé ?Q?ieéﬁcg%O éﬁ%&%?épﬂﬁﬂ@@?@fﬁ? lghm‘?bgther materials

SGBRRES cdpprdr tiﬁ’éim‘odi%ie%tﬁﬁdlémteéléctﬁbélcédntm@hy ¢4\ BRBIHe employed
y al sg be empl oyed whil e remainin hin t'he scope
wiilet

'ﬁ@%'ﬁ'@gé’h‘fh“alﬂﬁ%ﬁ%ﬁ@fth?(ﬂﬁgﬁnt SGlQﬁltl’ﬁer shown,

D 10896, OR8PS E R A5l "forion 320 of the s
terninaton strudiite f30dninvluides a palrmfmtensmns 332 from which the pins
3é6 of the upper engaging portion 318 extend upwardly. The lower engaging
portion 324 of the second termination structure 308 also includes a pair of
extensions 334 from which the engaging arms 328 of the upper engaging portion
322 extend. The extensions 322 and 334 each receive therein a conductor 336
of the heat traces 302 and 306 for electrical continuity.

[0097] Though not shown in the drawings, the distal ends 314 and 316
of the first heat trace section 302 and the second heat trace section 306 may

16



10

15

20

25

30

326 of the upper engagi ng portion 318 extend upwardly.
The | ower engagi ng portion 324 of the second

W0 esomiongsbd on structure 308 al so i ncl udes a pai PCD1S2006/031232
ext ensi ons 334 fromwhich the engaging arns 328 of the
upper engagi ng portion 322 extend. The extensions 322
and 334 each receive therein a conductor 336 of the

ortienally eayovigedawith syminationestauatviesaB04 enB08 b the. connected to

AR St AR R i b 2RI 2 i, B st ons
S ahb g i1gemel Ecbehgmwdé@whsﬁmalbweBQ@glﬁgmééh;@ Bt quw/@n in the
provided with term nation structures 304 or 30 be

Gamias) doF heing #enneeirgIto SRAWRIEPUSES Mraitshomibes or to
a co:@%ggr R hgalf/oa sui%é;eﬂrp bibAaté %ﬁné&forqu gonnecting

316 provi de e engagl ng neans

Isémww:@ $é&10gsaw)4txga%% gcoéztz he:t IHgstcaxedeahddgéne@ggomrcated by
urce (not shown Referring to Figure 22 an ,

f&l?ﬁiféﬂﬁ%ﬂé”‘t%ﬁh%‘t‘l oihg&one ﬁfﬁéééﬂrggn%é%lfy 99fhies & ddt peyfiguration

rRet t%‘é%drﬂubfdr%}%@aéfﬁ&&‘m PR ﬁéﬁ&%\é’ cérﬁlﬂ}c‘i&fs%ebé(re turned

e er ence nunera . e connector 344 generally

gefamesaa Stwi oinf iogderatd oengagec@hme@nﬂdm&orc&éuaﬂbich defines

346. as shown. e . flexible conduct 346 are t rned

e TS iomh ShovEl ot e Bhed The Wedhiicitlue.  The

UdHrER st 4N fayT 166 Pryddfi, oINS ( BP weRlBhtd thePBEndRitdRs 346 in
of 'the present disclosure. The” connector 344 may be

geoosdaridet with dechyiques agdingum ionthe armhe Acsatlinglyr thesaads of heat

UL REAIAT0 Al ded BRI oD SR S aH bipger touether

B4R the \pre\doep AR atsth 8 iblodlirierdd thiry ienrboipgrthbagifohary of heat
than the previously illustrated enbodi nent, thus

trapsienalagd the haat raeaFestions. heat transfer al ong t he
heat
Cgﬁne@pg%agg@%' y %%p%hﬁgg%onwﬁ%g%epoﬂ?esoo s thus

¢drdigpred dmgosiiivkethec piment i sutkat eanaeetionf ama Blayhivom the hot

S50 a5 43 3%0B RR0 g hrt s
00100
S 100100

e abov eater assenbly
50 ha[gomeeh Allthosgh dhe dbaverddecribiddemhodsldranaater assembly 50 has
constru n_sim to conventl onal.. heat ce .
ey LSfotogatt Hetiegh g RebBics ehaetarisdt Syiged G conventiona
MR ttRlceCaé it ehogid e ahdesicod gt otHera9pesif Beater construction
const ructi on may al so be enpl oyed whil e renaining

hesidesatheat s@specattle cRasisveldnnayi ajee @%@@P'Q@(eﬁe\&hﬂﬁ remaining
WRA tﬁgcébo%% i ﬂ% %F@srent disclosure. A heater type such as a polymer

‘heater or a layered film heater, among others, that is modular and can easily be

replaced and repaired in a conduit system using the modular connectors and
other embodiments as described herein should be construed as being within the
scope of the present disclosure.

[00101] With reference to Figure 23, an embodiment of a z-directional
heater in accordance in the teachings of the present disclosure is illustrated and
generally indicated by reference numeral 350. The z-directional heater 350

comprises a pair of conductors 352, each of which are electrically connected to
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heater or a layered film heater, among others, that is
nmodul ar and can easily be replaced and repaired in a

weendoigsesyst em usi ng t he nodul ar connect ors aPCT/U51906/031232

enbodi nents as descri bed herein should be construed as

being within the scope of the present disclosure.

00101] Wth reference to Figure 23, an enbodi nent of
izelgmeants 364al A iweatuetivenpalyter daaledal 856 lie dispaskdimtween the

f. t,h e t_di,sclosure is illustrated ener a| | ,
Rl BB 352 st STiE et Fdulat! il 238, SRR the entire
Begdrably3Sthe et i®fal heRder 357 isCtgisd firs AodulRadhstliction as
which are el ectrical Iﬁhconnect ed tofoil elenments 354.

Rreyinusle teserinest pnd wittheradditiasef ihe fail siprseristidutias quality of
BE k) PSRRIRE 0 A, Bt B BTG5 Shhdbhic appiication

redliifepedniond sHoedd be uBDerstsod dting shape anausbmfiguration of the z-
construction as ﬁrevi ously described, and with th

e

difectiane haatehe3500il3 QNedMRIAlYs 0By anch @thprashapesfandteadditional
. " be {ai

Ut e otd RlSHR nEthy 26 AbEPAfkB 2 ground pine

aledeergf vy dlbabetdraplohagd evhiledreouaihinguwittin dne atopdef the present

R b T X S

desmbtdRAMBYRhliscta Grid o 4BHcH mafare. a ground pl ane
el ement, may al so be~“enpl oyed while remaining within

t he sHEMH®2)f Theez-pirestional diesitero3s & praerablyeformed as a sheet of
il s eBRburioh 58248 ferrSipoaC i atpumiarls 354. As
$GEHLQRly Sive of zdiireeibhA TR atde38 G tas PR ésilp'cRA ®F 38Mbved from the

formed as a sheet of material with nmultiple conductors _
shgetaaecdinge i Sharifig applicatipr reatisements. AsFeruenampls, multiple
i f z-di O, r e _easj 0

S8 o AT IR I RS 2ok 95 tioke Won b sot o
aaqh, i czmt he nemeved Berossts wécﬁhrog&?a!ﬁrnbe’lt, diothd '\Amggiutting the length
sections of copnductaors 352 an oil elenents. ,. €. g.

¢ DREHCioH 308 BNgHToL slamorta s do e Eeared Sioeasian(s)
wi dt h e i t / .
t he c[odr?ggg or@%@@gaﬁgwgl%i F’%ﬁ%%ﬁt%qg%@@o'hs E%ﬁlgn%eket for a
loleattraae dd comadhsi, @n (s heafe@DaoBJuiRafat ratioma) nevwgéemerilg undicated by

Elsvalieb T8l bR afe. BRebRl reuiaiohBakst o Figeatly dptines a

ubdizt ahadation b@ﬁ?ﬁ@?cwrﬁﬁlﬂﬁééﬂan“&ﬂer Wik 40BA8lan inner wall 404
i nsul ation jacket 400 preferably defines a tubular

defininata shamrly40foior Kgeeiingas haatedue@rduiialwhidloanayde a heat-

S ] A, 0 90 407 58 Xt o

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 25, 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 insulation 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
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conduit as previously described. The inner wall 404
defines a pocket 408 to house a conventional heat

wo e@ce1sebl e, as previously described, that i sp@I/Esm®d6/031232

along the length of a conduit. Alternately, the pocket

408 may take any nunber of shapes, such as an arcuate

pocket 410 as shown in Figure 25, to accommobdate the

raiher thaam@emcsiidmlcm the Engim oédhectmmiwtbehﬂohmwrnthe thermal

BTt SO BT s IR 0 S s
F@@lhbﬁ neNbRHRYE el dlacs r!a@l@ﬁoﬁ% ghlrﬁ? theA@ShéIwP PsH t'h)é 'purpose of

hermal insulation jacket 400 having poc
gmir@hmgathﬂah@woateqohowmahwah a slit 412 so that

condu I Titc e kRS I HaadeT RS AR AR ALE, Grmal dnsuiaton

jperdudor a méute@\c@hdun tsegémﬁnwndmydj @tyl referbAGK ALUMEPS) 420 The

In the configurations as shown can sefve to accurat el
pesme] dnsuaiion jadkst d2Reprefarallyedetinas antibulpai insylation body 422

B Bk Rap o826 30 1598 80 4280, TR G A37ETon bocy
f22 rrsoformeblhwitﬁala pIIDISa”’[}atOanII‘J cledmriberson2a dasheiflg longutudmally
i ndi cat ed bte)‘%éﬂlreference nuner al

BSiocrue; ol phirli P51 IinDat Rl 485055 BBt air chambers

o4 1AS5p a5 gl e 2 e Pefion long e
heaiutrace @ectiody a¢1212td sedumenhdaivdsses thraugh they thidrnel rinsulation

£ 424 extending |longitudinally between the
?%tr é@l 423 and the inner wall 425 as shown. The

ai r cloves)s Hetérifiiso Higiede7aBnaiR fofm! BPROURrERE insulation
uni form tyl'lof heatr@él sm%%ﬂ on along the heat trace

J@ék@h fsheaigdt eonduiendhearing it ebatriessigé gerr@ralhenmhcated by

Ref 27
RSHRES' RS 0. 78 s Ao BTG e B0 P B s
mouwmnslaatﬂoﬂn@mdygtaal aviipehesel Walarer aid Mn'nﬁ‘ﬁ’ér‘?\ﬁéﬁdss As
ference nuneral 430. The thernmal i nsul a
SHeuiea: ha J0b e fciiop bty 482 hastLBAally ohEAN RadKsis 434 formed

[ 4
S e SR and s okl 3 8RR oo sl
t}b]lelJoagiitmqlAinatfdiaéatiopmﬂ;he sulABar fns\%ﬁ@mbddg 43& Acoerdingly, the air
[l .4 [ tr om . .
T N T
tubul 106;“'@%9% %%96%228 A@tﬁloérﬁjdtﬁﬁll Yorm! Qlea "ﬂ‘\érlmal insulation
pockets 434 reduce heat ™| osses throu the t
JBQISQII fat pdiegted kenduiBB. ggrenallyeindReteaxt by mgfemndé oumer&40. The

t‘%?rlngl LAk atP’Sn jggkerpﬁlo (?ef}n%%ran?ubdIgrsllﬁsaltatlon 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.
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jacket for a heated conduit is generally indicated by
reference nuneral 440. The thermal insulation jacket

wadd@7hefseanes a tubul ar i nsul ati on body 442, whPChUbRme6/631232

| ongi tudinal slit 444 defined by opposing | ongitudina
edges 446 and 448. The opposi ng | ongi tudi nal edges 446
and 448 are spaced apart in a circunferentia

di r eci00dA7hnd\saiuether spewnyorpat 8wk tamgiilitioal £dges 446 is provided

FhaScHhaF iy SRuBEG e S LG BB BnelEing! eroes 446
améretiicathertndl . insglatibf GAEkdtUM@ris H1864d Airofif@the heated conduit.
neoprené{apt"cl)ll%éll m de foam or tape, anong many ot hers,

Yeiow tha K@ﬁ@sﬁdbﬁﬂamglétﬂg@@ SJllhé4é last & seduice heat loss to

A5 bESKELSRARALY 999066 B 1252508 143RY Hadd 1 o o

ﬂnen@rtlbndharlalrlaeﬂgpmm thedmal nguittibnni The dlabl 462 #wd b@made of

agi ng the other one of the | ongitudinal
g’fﬂ Eeﬁf 6 tggpepr PrViIded Wiy an r?éih‘leﬁ't\/ﬁo?Pﬁ}’fbi@k&f aligonatgly may be

t h
?él%iénfg rgu@gpongl tﬁgﬁlﬁ% C‘Hﬁ\%ﬂah herl‘i‘%) Eridn poﬁ?& securing

se th 'to re
ieaebmqhes,ssu@ thag t}wﬂap @n62ea\snecumtrhha>t theFtntlaéeoa@lojr thé fengitudinal

e il and efuihan SLiR uuEes A bR et o 442

made [@0188] a¢heshde bPRKe fPferrﬂbPthtﬂﬁnéﬁ\htﬁcRBt aéms&dmnts as
coating, or alternately may be Vel cro(r) or a

dmlbeddmrews irisc peeieradle Mﬂbe jadm’tg arerm«trwbdur Adg|t|onally, it

t th d, t
RGP SR E0 DB B PRUEEL B SRR bR, et siec
RUIHRY h&at! hase s@éndmgebméwyalong'tauln@! isfif) dedilad4hay be provided
[00108] In each of the thermal insulation j acket

@ﬁﬁ@cﬂrﬂ%ﬁp@m@amwh waghrether while remaining fdthimitiee saape of the

ungg’ﬂ@? IoBUPE ® an‘véb{gﬁt We%at%%g d ¥n%}} beS F%Wldjeab fo facilitate

mhﬁmitzeheat tracda(esbstlsms 6a wihilg het haadrnhg&a&nﬁhetsphﬁ and scope of
eomet%ﬁ/ q itudinal slit, and flap, may be provided
BAHeS JisCIeeSi nati on with each ot her while

r enai @bﬁegmﬁafarrh@enaﬁggg nguyrtaggz@@ﬁs% HHS AP Y & modular

Mor e ['tipl e poc rovi de
heatel sysiem mJIIsztra’@dwaad gernamélysmdtcam b$2refdmehee matmeral 500.

f
PR3l e Ak o0 S8R avbia 5 oR ity BBl 355 posembly 502
mbft%rnnb@rdma@,fsemmmggharomwn@r(wmbﬁffhbé dslstﬁ)W 8b2@&nd one

and generally indicated by reference nuneral
(@2 sonaeetpr asﬁ@mbbdﬁ%rarﬁ pwn fo/@U@ﬂ%OOfc@iﬁrﬁW, @@g\ ibshould be

ofifyeikR Paf TERRA e AR PG 305 S AR oS8! inotuce 2

plurality of either or both heat trace assemblies 502 and connector assemblies
504, cfepending on the end application.

[00110] 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. lt 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
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(1) connector assenbly 504 are shown for purposes of
clarity, and it should be understood that the nodul ar

whearmer9ssy st em 500 can, and often does, i ncl udeCHUS2006/031232

plurality of either or both heat trace assenblies 502

and connector assenblies 504, depending on the end
application. [00110] The heat trace assenbly 502 is
aa%nphewnaﬁer cfatradtiongs dtedgeieaystans” ffor thex anpdwar aeater system

500, e SlofioebEEsRaRbh” A< Rlsdhedaaa AP o3l and heating

fér eRamipte,be jeirtercdnpecidrhal diner r&vﬂ#;b@wemeaf Qhesﬁé‘f%@cmsystem

500 can be appl i ed to numerous end applications,

Asagionally.s dhec coanecior msse@bli nt0%y seewreso aad;acefnt heat trace
S S M A b B ERRARR o

cofnponedist of e targetasistenist B cohfsctbh Qsﬁ@rﬂblyaélsb%bﬁfdes both
fﬁ@Stem 500. The connector assenbly 504 is al so adapte

At {oheRAmpRNGAY ohhg tanget $>@|tera>@awbnéula§lor dram heat Ioss to the
t h n

RAGTE sbpfinel, B B urlioh s e S EShIRE L F Broater deta
hdjomcent heat trace assenbl ies 502 to each ot her and
acconpodat I-tlh joints, conn ors, or other
compo MR ofi@jet@é?—@é&g@-g& The connect or
assenfoi 1 S%epéﬁé’\}vﬁ gh 0 C
t he m get@l]syst em an gh{éat ?%tr?npr%?n gal? 5&% %s?%mbly 502
pompriges awhea’rottawtsectlmrﬁg Optame instilationi janket 5$2 and terminating

ARSI GBS 88 BRieh R b Shcamon

biinde @e tH@@&r@é@%@éth@?Q CAAR' hge ferthiR&Myg trhéfBers 514 are
section 510, an insulation jacket 512, and term nati ng

ﬁ%@@ﬂs}‘%@ﬂga@ﬁ@nwnb batiméhe heat ame)ﬁeptamkéﬂom the insulation

%%88{ f? LE"?% erm naﬁlpgg%&? 52%%'3%’ 6@3’5@% gf&ro’fglﬁ electrical

emrgmgmnsaet betivebnbibiehhédie trbeatsdctian €5 1 eindothed adificeRfl connector
t he i nsul a%ll on jacket 512. The term nating nenbers 514
2By ov? eYiqusly| Bupiraiesh QroRaM@aLR Beiagssh heat trace

§é’tﬁldﬁe§:ﬁ0t%4 % ﬁﬁﬁfe'r%tﬁf}%( Pf shBﬁ/n dj ﬂ&@&ﬁb%f;e%ﬁggwes 516

assenbl as previous ustra
adjielceare iHesitated andy gesrtialyn afd Oasarsﬂatghb m@m@mﬁs rioe purposes of

sho Accor di es 5 whi ch are )
SRRt e U eRGRAE Tdinpetn 3 14 [ Rreita Hncap RNt elootrical
édringatibpeses of clarity) exit the term nating nenbers

514 to create these adjacent electrical
[00113] Referring to Figures 34-36, the heat trace section 510 is

illustrated and now described in greater detail. As shown, the heat trace section

\J

510 defines an elongated shape and includes a curved portion 520 and a pair of
opposed locking edges 522 extending longitudinally along the heat trace section
510. The curved portion 520 defines an inner surface 524 that encompasses an
open channel 526 for placement around, for example, the conduit 13 as
preViously illustrated and described in Figures 5 and 6. The inner surface 524 is
preferably complementary to an outer surface of the conduit 13 to improve the
heat transfer and the connection between the heat trace section 510 and the

conduit 13. The curved portion 520 preferably surrounds at least half of the
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connections. [001 13] Referring to Figures 34-36, the
heat trace section 5 10 is illustrated and now

waleacnigsed in greater detail. As shown, the hePCT/USZO€031232

section 5 10 defines an el ongated shape and includes a
curved portion 520 and a pair of opposed | ocking edges

522 extending longitudinally along the heat trace

elitei @ek sorfage ef %w oeRtuyiiot3 ite prodde dedrensyfcam heatdransfer and

B AR SdF i BEPEAERT Y oRORI YT He Shcu 15 by
e Ydokig) YeddebUsL2 at THe alogkiAgs 6dddS BIN fimdtioheas Sthan@reviously
6. The inner surface 524 is preferably conplenmentary

Wlystaied ang degetikacklaskinghedgemasi(Figiees @ anghBy\aad aie therefore

t ; i hg h :
RoRkel SRR B e ALRIGAAAY, REHIRERALS B8 race sector
0 lsncoHAPripestendinttyrssses asretovat, wisiels fuheldn @ the previously
mgeenti rqer@)uter surface of the conduit 13 to provide

sieatai At Aeperiea pandicersL (FiguEgs dvanchp) and are similarly not
K ace section 5 10 around the
@%}%ﬁe@ﬂééﬁ%@@{%éé[gﬁggﬁéﬁrﬁ]eg‘féédges 522. The | ocki ng edges

522 f00dtlddn Similahdoptteyippedbysly| Hesdritede dheahdrace sections 52

(idiep o anidD: Ineess e seciont i ey Sterabb AR Rid TR in sizes
ﬁ%éd&%d Yo difierdifadizdd, a6e obsGde %\%’Mri@%sé’f, for example, the

rises conductors 528 as shown, Ich function as
eoreiydl €94 ol Yeat trase rsectionshd0 derecprieksrdblyoexitudtask andare also

' .and and are sim. arly not.described in .
TR O o B tpcPBat cactoiind i = fésied; Rglt fer & particular
FERONOOBS EINALEE ¢8I bRfef&@BlY, th@tRad ekiceosisctipns (41 WHFE pravided in
and 8 the heat trace sections 510 are preferabl

ﬁa@d@t?dr_ﬁiaes rangk leagihsoior eaperiregair andl Fapkacament wé@n a conduit
Sl S8 B8] WA S ERoflngb R pREBTRLS, sliBgf 6 AL proviousy
iHustratdddarrchdiescebed. s Accapdibjle, te hwduarcodndtaudtiongsfhthe heater

SeiaraProing fo B Ieachings of e PrRsAM IcaIgs i Gl agsst relatively
1(3)3]9/ SR e s%garh '?héttié‘%Q@iT)ﬂaW%% t6Ner g?@&b@; o BnRASE stem.

repair and replacenment "W a conduit " system suc
as t hi9044h] c Aaduutiber pstovessitimg kBgait drace0 saestion 510 preferably

it et GhErdier R b6 Syerbhiadciratipertic cover

s4e tREedugropopiliushatdd, aheMedll $4dOSBESoR FA0 hisgt BBoacomprise
relatively | ow cost heater systemthat is easily

eplignedmaterialsder asppndplaaecsebian putsy Sorar, groond stheagunctional
%ﬁférré%, %W%ioutsﬁﬁd&%%e&r ace section 510 preferably

[00116] Advantageously, the heat trace section 510 defines a plurality
of insulation stand-offs, preferably in the form of fins 540 as shown, that extend
from an outer surface 542 of the dielectric cover 532 and the locking edges 522,
preferably in a normal direction as shown, towards an interior surface 513 of the
insulation jacket 512. The fins 540 preferably taper as shown from a root section
544 to a tip section 546 and define passageways 548 between the plurality of
fins 540 and the insulation jacket 512. When the heat trace section 510 is
assembled within the insulation jacket 512 as shown in Figure 36, these
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conprises a sem conductive polyner core 530 surrounded
by a dielectric cover 532. Al though not illustrated,

wWo b@7loemb4 t race section 510 may al so conpri se PEL/USIVA6/031232

materials for a ground plane and an outer cover, anong
ot her functional materials, as previously described.
[001 16] Advantageously, the heat trace section 510

qja‘seagamay$548¢irovldeomsulmmﬂ an itheen fartraotlaivfafssshown, such that heat
preferably in the formof fins 540 as shown, that
é%?e’ﬁamf ‘ihérh%?rﬁ t@?@eﬁecéleﬂf%@etoéﬁg %‘ﬁs'aﬁ enyireheent dgnng operation

qg‘fﬁfthé@?ed?ﬁ@dt h%d'dﬂfsbﬁayﬁ ﬁ@ﬁﬁp%@@d iREGER6A Yt E)frgx(/:lges for a

ornmal direction as an interior su
S‘ﬂomohfsetféfételmmﬂamremm ﬂ’]&d(ﬂ&?aldébﬁiheThlBufatlnﬂ jadiet 512 such that the

f bly t h f ot t 544 to .
et Gt el Aop GoR B coBRcler e s Glnikgnefiln of the
I\E}\hy(ﬂ@gpﬁé{% f sféte BGG. and the insulation jacket 512.
en e

at“trace section 510 is assenbled within
the i r[901 1] ol shavlkkbe Bihdertocchthat any rFElrgluereofs’fa}‘,ls 540, along with

SHTSRRE RO SaAOuALPRS i T dbs Pam e gl e tapering
tge%ﬁﬁetﬁﬁaéls%mﬁ] Hay det SifpRYEE iviElceRMAIBMEMthELIHeNgCope of the
operation is further reduced Additionally, the

iprps@nvtedisclosurat i bar expaple, pﬁ%\ﬁw fiyrFigure &5@@@@@ fins 540’

55886 el "rrl “h@ombPTed o Bl U OMT BEHAR against the

aenetiet isafaby 51 3uskthaifsultgionfacidt B2, oestitiagnmnddssageways 548
heat er system 500. [00117] It shoul d be understo

tthat havs 2R mRPVed seah&oguedjaa%hea%ﬁ%gwmyﬁf@%nﬁoreover other
étﬁb&ladorﬁfgmét%‘ﬁsaédc‘ﬂ Qif] «Ehey 5"‘%’5 fWecﬁrB% mﬁ@@hal shape,

tapering geormet own, rmay be enpl oyed
rraﬂmrnhalg owiirt hdditibheoshe fias &0t heypales diat eMka;Aedswlm&e remaining
ed fins

F | in Fi
Bl ebseees * AluRBepihebydidioats: ovfte RSTdYe 548 may
afHerRRteROBE Flibd L Wfn 1an %U%'img UhhReial 3héh ¥s Af8am, or a polyimide

i nsul ati'on jacket 512, resulting in passageways 548
tfham, aamgamihehfnrmseo,f rsatrials retherdhae employisg @geawgstrated and

B BByl g TRET i e SR P R WETosure

rat hef[obh@g] 0Re‘fé¥r|ﬂgd1dw WFigardd 87 fandssh4he imaadrsacket 512 is
be enpl oye le remaining within the scope of the

plesietied @nglcm@g ld%crll:m@ i gsasigedaipdl. A8 s,lr,\gy\m the msula’uon jacket
A {p [)Pﬁér%lbw BEmk n%{ﬁqu 0(251 P@Qme'ﬁ?@b%b aﬂﬁq%ﬁeﬁvhﬁzjh éﬂféCBreferably

as a"roam °or L er for

rgyinemetrcal rﬂﬂ:hetha:th’dne sapieogegent rcaas bd Iusedrﬁ:tretheara:dsembled
ﬂﬁé&éﬁ&igm@i@f '5&2’2[%@ e |Slr}(|:rr\19 tWe se?;rrgehn s *588° ar and 552 are
interchangeable. Each segment 550 and 552 defines a shape that is compatible
with the heat trace section 510 as previously described, i.e. circular in the
embodiment illustrated herein. The segments 550 and 552 further comprise
chambers 554 extending longitudinally between an outer wall 556 and an inner
wall 558, which are separated by supports 559. The chambers 554 provide
insulation, in the form of air as shown, such that heat loss from the heat trace
section 510 to the outside environment during operation is further reduced.

Preferably, the insulation jacket 512 is also extruded and comprises a semi-rigid
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[001 18] Referring now to Figures 37 and 38, the
i nsul ation jacket 512 is illustrated and now descri bed

WO poogioesmber detail . As shown, the insulation jBCRES2084/@31232

preferably conprises two (2) segnments 550 and 552,
mhich are preferably symetrical such that the sane
ment can be used for the assenbl ed insul ation
gmenoamatermh gugh @mycarhen@@glneonasf%ﬁoofam @egent disclosure.

L FABELIRE T s BS TA0 G  B v o

HdbcAgetmoaii dievkYindrstiectied! wiith. #ie @ltdrﬁé!ﬂeaihelrﬂﬂuat ulation jackets
enbodi ment illustrated herein. The segnents 550 and

sBownuR Figree 8Am8-se chanbers 554 ext endi ng

| ongi : ] r.:

wal T SO A A R ERRR, i Fisulefioh iaxiier 838 Al Ehinge and
ehaphestard bdcip traatitie ingsaticl jacket 512 the bfeoeaimh]fmgﬂaﬂe@%nto and
shown, such that heat | oss fromthe heat p@;’ﬂce section
samoved fiom §in bedleirask seeinrai OdMeregsrasdically onash segment 550

PSS RS g S 02058 A R T o fcert opposed
tookerg Ebssiethamd 568| mebbvmy ethah epteadflongitudinalhealong opposed
Byenny7 ooy etabmdrsfabar Paket $12n O phlsclbokdtabs ses is

?l%tterh BeY Syt GPAEgSEdRTuMdd b 'B%Zabhértﬁé‘ﬁ E?hé 'E\%]ré% ments 550

insul ation jackets shown in Figures 24-28
fandt5% ashwiaiedtdtout esiongitidinal axis et obtte unﬁulamd»eaawet 512 until

and f t such that ,the i I i on
S UPnRPE 10 SR BEB.Fitiabe o ShEPS JREL 36 Al Surved ip
Beal Abatkehs&d irbuidith jaRer5$26s iddsiplimstali@nehto the heat trace
segnment. 550 and 552 congwlses opposed curved lips_562

aﬁthgsmawﬂmtéb@mea% s@ﬂilu%@hn@w%@a@@@randwesemove the

(512U 40 s O o

tiie tibegituatihal n@gs a]_@stdﬁ\ﬁiids Sor(ije ra;]totmgag@fd that hihe lacking tab 568
SReTB80C S TOTY i calivatb S S| dIRGPIAIB el RTSIBIGS Jackgt 512 s
Eg@ré?éﬁl o rb&ifket aﬁ&lzré{é‘l‘i\}él){ &P RAaR Al Ogbbﬁ‘gﬁ gﬁe semi-rigid

engages and snaps over the adjacent curved
Pl carmste hs deleribbed abaveé,da gnablesthistilinge sinelasidpyfeature.

noed- 1TalGi B abaieiRie o, aFR e e 16 Shadetts hEG and ss2
pRstalaly @Brrip%berbcééééd biner %mﬁaé@QBEOtp‘ioﬁﬁ{étéﬂﬁe Pirges 570 and

are sinply rotated about the |longitudinal axis
bdRaasishown. ahig Hegessedhoytrasutipecs 589@@003113066@ strips of tape

gﬁgﬁRg@?e&né ;sgrﬁﬂe gtjaégrgé“g ib ifustited AGF ?) ?ﬂ)gﬁsy of cha?rlty) which

on
provide additional insulation and further secure the two segments 550 and 552

together. Preferably, the tape 582 is non-conductive and is a material such
polyester or polyimide, by way of example. It should be understood that the
illustration and description of tape is exemplary only and other securing
members such as Velcro®, among others, may also be employed while
remaining within the scope of the present disclosure.

[00121] Referring to Figure 37, at least one of the segments, segment
552 as shown, further comprises slots 584 formed proximate the end portions
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preferably a resilient and relatively flexible
material, such as the sem -rigid polycarbonate as

walemcii4sedl above, to enable this hinge and snapCT/US2006/031232

feature. [00120] In an alternate form each of the two
segnents 550 and 552 preferably conprise recessed

outer surfaces 580 proximate the hinges 570 and 572 as
S8hoand 588. r dheseedlotutcdd agcommdatsofcatoamoildite terminating

RnhE §l4anBin B HipuB3 AN B s aun PRI (FulbRe in oreater

deg).tional insulation and further secure the two
segnents 550 and 552 together. Preferably, the tape _
582 [@0HA- cBataidng i@ Fighies SOanehd8r thel tesminativgl yestaer 514 is

=BhaBPLIrcaeresttn 18 B, RS peblar 538 Prif s the imsulaton

jdakee S2snetxsimavsr and obypaisds @tnh@mbagmehn egcﬂﬁ@tepﬁ)wdéﬁlegress
as Velcro(r),_anong others, may al so_be enpl oyed wh
fordhailans Qj‘”ﬁﬁistfﬁﬁna"ﬁ elsg@é%% agfa $train gekefdat thﬁ I@@pl d‘é![ﬁse51 6. The

He AR id %%ga @H&ﬁ Bf pl erbﬁﬁ?(mtﬂfhetﬁg sid1€s84 of the
segnen segnent shown,” further co
wnaldntmrﬁﬁd:kébas@asmrewoualyellmshmte@dznplouiésomlbeasﬁél\qaﬁﬂther shown,
8. These s 584 acco dat e, f eatures of .
theer%mhaﬁrﬁanﬁg@e@m@% Pt HRGHS a9 2nsh o, which are
sePaflled 15y NP WrEwe rsd%e%h@ﬁ e fratfeathe dielectric

ferring to |gure53 : etermnaé)lngma |
smqffsb%tmpnetbeﬂwp leadh mérstsi o6 thattdgsemﬁtroug}a@assageways (not

S551 onmzz(%og 6 B30 SRS Ad sl ath P LAEKS gﬁ&rﬁ%}ig@m 590 is

ireeg gy ibehed WP‘th' tﬁ@deﬁhh@ﬁn@h@erﬁﬁér Ei@OarﬁﬂWe &¥mihating member
strain relief for the lead wires 5 16. The enbossnent

55908 insefenalaly @ininsylatieg raterigl aueimestPAyMAT er ehidugyppelymer, by

W%S, c% }Tﬂﬂ i nsul ation jacket 512 as previously
iV USTPALEd and described. As further shown, the
enbo$G028] SB0orm i sktheagiedeandidoivnise S92 @nthirzlithg member

which are se arated b roove 596, wherein the
538 copisss B MowsinesberPaland b ke FP2HBR WSS (o the

%not bg@md(ﬁsG%ﬁ@réllgaglgg%{i(?éé @Eggyg\ﬁgéggg%@éﬁsand insulate
aRriefecioapbytion dfethertnusigeinedb800 itisati iusgs alégtritaircaethections as
ith t t t nb 14, d,.t t i nati
afetiihed 1 45 PEIGE T r Bl AW Mol SREREE e 1] AT GEference to
FRIuré9 4nes, &ie &l éé’;ﬁcﬁlﬁ YBRiprisBY Ne8YicAt a@%@”@b@ .and 606 that
[00123] In one formof the present disclosure,

incétda Heeking exiemsions 608 and 610, respectively, at their end portions as
shown. Correspondingly, the housing body 600 comprises grooves 612 and 614

that accommodate the resilient arms 604 and 606 and a face 616 that is
engaged by the locking extensions 608 and 610. As the end cap 602 is slid onto
the housing body 600, wherein the resilient arms 604 and 606 progressively
slide along the grooves 612 and 614, the resilient arms 604 and 606 are
deflected outwardly. As the locking extensions 608 and 610 then progress past
the grooves 612 and 614, the resilient arms 604 and 606 deflect back inwardly
and the locking extensions 608 and 610 engage the face 616 of the housing
body 600 to secure the end cap 602 to the housing body 600. Although the
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514 conprises a housing body 600 and an end cap 602
that is secured to the housing body 600. Generally,

wo b@7erdecap 602 is provided to cover and i NnSUuPEL/ESENG/031232

interior portion of the housing body 600 that houses
el ectrical connections as described in greater detail
bel ow. More specifically, and with reference to

Fegilierisanms) 684 andiOGeare i&@?jr&ﬁm apdrfnscebed msxirigagitg the exterior

HidPa RelsABha o0 shdlfe BRTncREsthoq o BReoaleutsis 604 may

@Feh?@c@@nﬁbnﬁls‘posé@ea H&H e heekioP QR lfh@”hblﬁi@@ body 600 while
grooves ‘612 and 614 that accomnmobdate the resilient ,

demairgog Wiriin Bosseans eof thadsesd disw@sure. engaged by t he

Loes JRpRAE AONBrANP A8 Bar o2 BinileS FBofPS deb and e

ghasaieOdized to GO6ver erestRindirigyinabi geofild eHatde 694 @@UER6 of the
612 and 614, the resilient arns 604 and 606 are

dusitg Bady, 80Rer fingse fangaer 626 @dnGR2 RriEily Aenation amadditional
4,
AT 01, 0 QR ot SRR, B B s rovang en

timpréerk aesthekit eppiearsncgOBy ehmirﬁiltmugeagﬁgaetdifmgkade thételectrical

f the. hous ody 600 t.0 secure the a
BN REIRT T i0er TR e s MAling TR PRS0 I Fegardodne housing

Y 6@@0 Airfhdr! é&ﬁbﬁﬁseﬂ/agégggﬁgaggf 658 4n e %Eé%ﬁﬁmér’aﬁy from the

ext r|or of th ousli ng , It's
Lfad@6§Bowdiuqrhaleotmevideﬂieleehﬂc gandof6for thayeletirieanenralegtions. It

SGUERPS LR efiod Rintu st heed gt sty it JRibes 620 and
BBCADPIdléotrit @Qﬂe?é]oréd&@té%’é\giléby oﬁl?eaﬁm@th‘e&%h@%s and positions

conprises flanges 620 and that are sized to fit
®f suich @elegfm@rﬂzﬂe@smmef ther&1d Fap S0P amwsgadialeghis edensions for

SinabEor PRt B Hettng ERRranO PRz LR HnAPled i remaining

avithithe sespe obthengesemtuiisciodukewhi | e al so pr ovn d| ng an
i mproved aesthetic appearance by elim nating

I | ne- dP0E2ght ReéPrring navel friueas %ﬁﬁeéﬂﬂ&'ﬁo tOnE'igé!ée fHRethe back

o y ggi)é ? %Tﬁg%d npr i g%@ph%flrﬁgg@’ an 62 ?H%Itdn&z and a set

@fttmmrreqmmﬂesjleﬁélf aniinG36e alamewih6éa sehiof Howbsapertures 638 and
off for the el

s BobnEiniqddie fing BPtatd) colhet B FeerdiB. U lead wires 516

AR HBuGe he bﬁ’fbdé&rﬂe'h%@b ISP L apserddferfiires 634 and 636,
diel ectric extensions are exenplary only, and ot her

ﬁm\o@éo dhel ipiesior icenitiesf 63U and 3. edbersiextwdires 6h8 ayid 652 are
B B o R S G T ARR AT (P our anc
\Mled exieBinty the interior cavities 630 and 632. The lead wires 516 are then
preferably connected to the extension wires 650 and 652 with crimps 654 and
656 as shown. Accordingly, the electrical connections between the lead wires
516 and the heat trace section 510 are disposed within the cavities 630 and 632,
and dielectric protection is provided by the walls 627 and 628 of the housing
body 600.
[00126] Referring back to Figures 39 and 41, and also to Figures 46-47,

the front side of the housing body 600 comprises a plurality of outer extensions
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within the scope of the present disclosure. [00125]
Referring now to Figures 44-46, and also to Figure 42,

wo b@7losasks si de of the housing body 600 conpri SBGT/US2006/031232

interior cavities 630 and 632 and a set of upper
apertures 634 and 636, along with a set of | ower
apertures 638 and 640, to accommbdate the electrica

dsithesephmied merdietsl 662. t hEhe eeudeniexdendiams 8@ mfe adapted for

e BT RS REEE a2 Jecfit B filahd FagBiBeciivally. noage the
GileaRUredds 54¢ egfsiten WadtegabdOsattidn6520ar ePeIERGHL ethe outer
to the conductors 528 of the heat trace section 51

@xdansionsAfO ava dasignaskwiiRa isight diedl anglersush thalitheywprovide a
, . T . W f | )
SRR BRI oL FR U5E P Sl P BT R Wace sectn

@1ionpsTHeb éutendexibhsians sdevalsAGRwtidhng provitke additional dielectric
el ectrjcal connections between the |ead wires 516 and

Sepapian peheenstha Neat drageasectignsps andaihanontsifie environment.

e QP IRA e TDtEh TS (foR RESRE My g o 02 s
ghown adtizébuiRiierfaceags ok the Fermuinain@Imamtbed 814 andthe fully
| i qures 46-47, the front sjde of the hqusi _
SRR e oo JUheH BelPS sti3h s e —UNEheaRpsions 660
ﬁ%r%l?@o%r%b%rﬁgl&ﬁ?aceyﬁm% §lﬁ0\ﬁ%ft@?%\ﬁ@§ 8 iffirRate contact

apted” for placerent around the heat trace section 5
Ietwaen theoeies patsinsians 660 arcthijwgiing $40.0ut er surfaces

542 of he trace _segti,on 0 r ef er abl. t he . .
oot er TOTECT B hBESnGSEhAL oo duihbr GrBBrdsn ‘Girmpfiled inner
FxBrisicGy 60 that ddfitey dn axdudee appespdrtive 6720 ivdroddetions 674
agai nst the outer surfaces 542 of the heat trace

St 66h Bhe prafiled snairexdansiar BFALEEgeaItBe iMaicturaseta24 of the
ﬁ{e%;( & o Allibh R ag'%lo%{ rvi/l‘ﬁcﬁ WAL éé’(fhrggttﬂ@%e{t hface section
eat trace section 510 and the outside environnent.

@ to ise G4bninbtingembadier t3 R e Bex profiled lilnar extdraion 670 also
gest ed within the sla_t_s 662,a]s shown and, abut, the face
YRctinst fe  PEVNS apfidifondinsticlestie jseparationy sipilar to the outer
ndptd T i ; :
SRR anal b BBk Qnd el (A0 DAALE 092 eies 2 taparin
anogesedtmneisortc thiskesrmottion at phe facdes i ke ai thinnesntemd portion 678

contact between the outer.ex i on 0. and the fins
SRS 1 ITE RIS RGIS0A O (ANBISSCRr SSReTably of the
et tiaed Jebtieh 58BtARPiHNtePhthatiRgimember 83 4anddifoddls, the lower
upper portion 672 and | ower sections 674 and 676. The

[pestionea74 andro7éxareneardigusTd teangagss oules surfaees oiileatins 540 as
WA the

[00128] Connector Assembly 504
[00129] Referring now to Figures 48-50, the connector assembly 504

comprises a shell 700, which preferably includes a plurality of shell members
702 /and 704. The shell members 702 and 704 are preferably interchangeable
such that they are used for both the upper portion 706 of the shell 700 and the
lower portion 708 of the shell 700 as shown. Together, the shell members 702
and 704 define outer rims 710 and 712, respectively, wherein the rims 710 and

712 are adapted for placement over the heat trace assembly 502 as shown in
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heat trace section 510 as shown, which further secures
the heat trace section 510 to the term nating nenber

WG 1007/0T45e4 prof il ed i nner extension 670 al so f uPCT/USIV86/031232

to provide additional dielectric separation simlar to

the outer extensions 660. Preferably, the arcuate

upper portion 672 defines a tapering cross section
friguea30hi these piors irdH and (He pavites additional thermaérisolation and

en Ort e Ort
S

k6 oS SigHE BROM odilfeastOnS g e RRoHBE feaer system

T 1R Tmp iy cangedthétidser AUambhalY, einP¥44 and lower rim 716 are
Addi tionally, the | ower sections 4 and 676 are

domned wrednd dhe rifiel emeibsrs s102F abds/ Gk, nerpeétiviedy, swbichsare also

APYsq 18P RERPrERGE! S eRBhy R0 ARERA) soe.. Simjarty. the

Uppeeamr7eand thbdblver 0vn 7Wd providee bedabhyl thurmagiesolation and
plurality of shell menbers 702 and 704. The shell

reaues they tine-ghgiohdintartbe soaneetions withinghereangestreassembly 504
w,cwgrgq d%]gg%gggg used for both the upper portion 706

and the |l ower portion 708 of the
shel | [B0036} fhevs’melIngHﬂdem 702hand 74| alsendoensriséd2n outer wall
rinms, 710 and, 712, res ectl

04 defi ely,
D &0 avienpr wel-e Indd dﬁi@eaqaéntsefaa%eep fateg fetnrorts 726.
‘W?er chbgicbepdy tﬁrégl@eaééﬁﬂghéﬂ Ri3el d’%%nsfbo erl'%‘é{telo%)es to the

hese rins 710 712 provide additiona
|cmb$|de| envieoninerddace albe pnoneleoﬁorsnagtwqhmafetteenperature on the

R i B Rl B TR AT BRESYS /B g 1 indandyRlicomprise a

Immem bMolitekbaid Snhél Wafls als0YRSwhN® g8fhd vARBOS Gavitikd for the
nd 704, respectlvelh% whi ch are al so adapted for

m%@esrﬁﬁqtofomulaémt iplegliin sepatadions semt| ipusbsafe temperatures.

Ao R0 iSe HERSORA Wl PoRSndtBk R TP, Al R cescribed in

Igreeteoﬂemllgh:.treiriaifter fdreueoosEschfi cdadtywi t hi n t he
connector assenbly 504 for inproved aesthetics.

[ 0013dP0H3H sheriionaibdhe sl mambaya A% andofd icoenriise hinge
%rﬁén%é&%@ﬂ@?ﬂle&‘ﬁ Wthﬁ?éhggg?%ggéﬁﬁ?ﬂ LE%hown. As such,

cavities separ at e by suppor e cavities
lea Lnnpempmncadaoammhthe loswdr gtartion (708 achucdaiabéd about the hinge

psses t he o e nt _an row

steitagis i enepdieis s Ebesed abiticehd Reris f the outer
?%’s 710 %n@%@b'th%@’f@f@ 7%%@&9&&% th8 éi\%lr\.%rﬂbn§ BFHd Sfher outer

a plurality of outer and inner | s as shown
diens ﬁ’ézvtgrlpdg&ez;alvelt pgglonsrmengnd 708 together. Preferably, the outer
rims 710 and 712 are sized to provide a positive engaging force on the outside of
the heat trace assembly 502.

[00132] As further shown, the shell members 704 include additional
retaining features such as flexible tabs 740 that engage openings 742 formed
through the inner walls 722 of the shell members 702. Accordingly, the flexible
tabs 740 and the openings 742 provide a more secure connection between
adjacent shell members 702 and 704. Additionally, the shell members 702
comprise outer wall extensions 746 that engage corresponding outer wall

recesses 748 of the shell members 704 as shown. Accordingly, the outer wall
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pur poses of insulation, dielectric separation, and
touch-safe tenperatures. Accordingly, these additiona

wod o1l cavities as shown are not descri bedP@TUS2006/031232

greater detail hereinafter for purposes of clarity.

[00131] Additionally, the shell nmenbers 702 and 704

conprise hinge elenents 730 and flexible tabs 732 that

@x@@r@omﬁéﬁt and 3he acordapandings ovter hwall recegsmsr 748 provide both
rt an 7

R0 O SR LEmIRS 0BG e for B8 <PBn to thermal

E2PariiRPOSER %dhb@d eb-BRsighPTor ofmgsraee@ua%threh@ 71ﬁhe shell
en age the detents 734 disposed at the end portions of

trhemBerer 03 anst 704 rate mefef@olv@éklnsu@twaehatqmi @indraye preferably

1088 5rdfoa 1GeY" EinndrailrEABtetial [dlEncat & tidipfabite polymer.
Howdeerokitstioltd pE Urterétead thata@meamahhné AR prddd8aBdl methods
As further shown, the shell nenbers 704 incl ude

Aoy be enaployed wihile igmeining witbinstherscepefaf dxe ﬁre-asemsgclosure
740 4
wal | 5 LS50 PRORER e 2 shet 788 Al bl BolPpfnts of the

fdoamébﬂoe asabmbmeognmctm@a_a‘lthm‘@&e&ﬁe?l ?Hs@vmn%y: 760[lehiach is best
cure, c nnectlon et cent shell nenbers
QWV'OH‘ JKiPE i35has v Q E‘g @E?ﬁt%&%@@ W(Y@OCG%PF@%S a fitting

%k'fa fer\"#ﬁ% L anE éﬁﬁ %Qabnﬁ eF E%éﬁg@g‘%ﬁgls preferably

recesses of the s
srmom Z»peoedlas@rqurt h€&he ditting amptev(’iéﬁhsileﬁnes m&pmrndwg 760 that

i SRR B D e 8P EoRRF ing SR anerert. ATtBy et System (not

apdambl Yacddrdredl, tit 8Rotia Bdemdelstss@anat i sBdand shape of the
reduced |ine-of-si ght for i nproved aesthetics. The

mnlng%@%@sslllm@t%@ndmmsaﬂféecﬁ)h@f@m meraly exesplar ard should

e S s T R

HOWEV §00134] Smnwmldgeadmér $652eikd Hefingy hebcamicer b@bB periphery
and processing net hods be enpl oyed while remaining

WiEHI3VIRg 8reQvgse’ G, ol ObW@éFéh@redfﬁ@%qi &@p@omnm@s@]the geometry
gf?i'?é’?’]%ﬁt 'h%ﬁ?%%chgﬁ 7%9,65% sHQn 2T féjrggéﬁ lttllng OIadagp‘cer 752 is a

nmponents of the connector asse
foonduutg/eha&attemma&mwbs 3Alm5m)umhh0\hevsr hﬂber staderials may also be
s, 50-52 fitting heater assenbly 750
clsh et G Wy BEoPS 8b e, SREGH tibsbavies cAltgately, the
f 5 h [ i t
e Ly
&xpapgianmy the®peming 760 sinddbus onotet letlmat@ cantasd J\Aaﬂ:letrhre adjacent

fltﬂng &gthgr,[alg:gengy&%nt_ of the target system (not

[00135] Preferably, the outer casing 756 is provided in symmeirical,
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 50) of the shell
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shown). Accordingly, it should be understood that the
si ze and shape of the opening 760 as illustrated and

waleacnigsed herein is nerely exenplary and shoubdI/nsioo&es1232

construed as limting the scope of the present
di scl osure. [00134] The fitting adapter 752 al so

defines a recessed outer periphery 762 having grooves
7eambes hingst elpriasts 488. shaditonallyatwoaomdisitse7 Thextend through the

SHRAE B 1 B8 ohl A 4o oAl Bl et comnc

retthe irelat $rlacb SBtidh PHANUPTefERNBY eie hfHdReslcrfdrfs 'ﬁbsare disposed
may al so be used while remaining within the scope of

tHbap RO €8 |assehawn. Avherieimathg gxtenpiont 779 fungtions as a strain
argﬁlgﬁfg tf}eﬁaawrésm' ude slits 768 (shown dashed) to
e

provi or expansi on of the opening 760 and thus nore

inti rTE[0013©}1t ahe wodtth dahﬁ'lgedI’@@eIItﬁo foréferaigty ohclude standoffs 780
tar ”%Fte 0013 Preferably, the outer casin

SWSE Jaamst Fa2a S PWﬂer"@lﬁa‘i@g@éﬁﬂ@ffwg@éﬁnctlon to
T e e
ther et[GOW\&k]n InThe alEmdatet form7df fmeocitde casimgss?é@vmjlllustrated in

| ead t t ot
PR S SR TR oT R ETERRUPY ko SRR TS8R SR Jae two outer

fda%ﬁfgsefméchwﬁle? hi’@nﬁ/"&ﬂ@bét‘e? c¥sihg 7 04H?ﬂ\mfogrpurposes of

el enents 730 of the shell” menbers 702 an ,
Sayity). s Meymoswedificatly g thee CasmgA'éS&@omprtslee fhexilgje latches 780 that

SRl DR AL A A Br b e Rl R Gprrape witn e
tdwerstihggZB6e THY fgdblel th&l@§S78T)3@eflr(éd@pb'ré’d‘ @hbgjaogﬁdggs 782 that

conduits 774 extend through the hinge elenents
dneupe relafiyelvifad tiagpuarserigpes 783 asashawn.e Ax fwsther shown, a bore

%ﬂnlg% hé&d ﬁl‘ﬂ%ub@%}n Bﬁﬁgﬁn%%@s %57%%1ch %I%i)&’e%@lglgimegrally

hi'nge e enents are osed on’ an ex

éhmmj withethei outehe:aemgeﬂ% O ¢dfnferivorel DBG (&lsoven des&ed) is also
r.eli lead wire e .outer casing

%@‘% gfb’f%ﬁr%ﬁp&sm QO%Z%C}@'L@P &ﬁg%% §n7@@r@@4tw.ldeg 787 (shown
fda@ﬂbélﬁeNs 198 kPerb8ER 5&%0% ﬁb%agtghﬁé%&hafgpy an opposing

function to center,
Iwmrettam €061 (npot7 5I(Downb ribe If&sxmle itchesh @86 hiflec Bﬁvardly, towards

0BH et Bl RE TS AL b Rl AT SR St 72
ean! tedsd the ReGR LY thOBBRCYsLa R t‘Pufe tTaBSréd"@n@LHo‘Pﬁons 782 enter
casings 756 to each ot her one outer casing

itke SRERkerpee Baﬁ,ptkseeéle@bleclag¢heg/78o Mmf@cgpb@@kfwmar@ly, and the
1205683 BcER5789 MRS td bRl drLfdsS785%! B8lure the outer
casings 756 together. 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
invention.
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extend froma boss 781 , both of which are preferably
integrally formed with the outer casing 756. The

wo b@giokdses | at ches 780 define tapered end portiPCEUFBB6/031232

that include relatively flat transverse faces 783 as
shown. As further shown, a bore 784 is fornmed through
an opposi boss 785, V\,hl ch is also preferably

i nt egl[@ﬂ”%ﬁ%f onetedring tnew hie &ﬁ@ﬁ%é@ﬁ@g ange 54;665 the connector

AL A8 08 o SR AT o

éfbovt %bﬂﬂ@ur@lﬁahéat) shéwn tdremt@meb@mg&ndnmr(mmosﬁoﬁ@z wherein an

engage the bore 784 of an opposing outer casin
eAtrcesh beAl tra@ﬁ@Sﬁﬁ@PiyoﬁgzI'%tn@h@@p?’g@dd@fQ@c@de of the connector

U Al IR ORGS0 B o

tsepamt@a Betwebr i fitting Helade leyse Mt 750andhthe toapside @nvironment,
port| ons 782 enter the counterlg%ﬁre 786, the
While! 150 RIS 780 RelaUeBrS AR CR elPEIRpraiiie apd improved

ta%@f?%‘ﬁ@és%fs"}% riote %T&ﬁ‘g%%guﬂegts%” r%l 53NHY Q&Fer%%?) includes

to secure the outer casin t oget To separate
eheouteo wallt&12 and amgmnéSWallt&(m fHaé>delﬁhe gequscm ’tWeS@between for

sty g ppaes GA doe HieleRg i THnEoy el ik, fther comprises
ﬁbﬁlﬁledér ps’ 8d8 tﬁé‘ﬂar‘ehﬁdéﬁ!@d%l? %!ac%ﬂ%rﬂgﬁ/d%ﬁ] 6@(&%&[‘810 of the
ed apart. It should be understood that this

§bﬁﬁéﬁ$mbgr dewi toeseaure tbapiavey 800 fp thedoverad eartector assembly
ggﬁnectlng devices for the outer casings 756 nay al so
enpl oyed while remaining within the scope of the

pr eseoo1 39ée Nt sRoull HLaSderBRioar thanthe @ermglahy @(blrﬁr@ctor assembly
-50 and 54-55, the connector assenbly 504 may

§Q4p|a§v illustratad rang daasribgdoherein his @@ﬁﬂ%ﬁeidorfoi san nelbow-type
ee?ﬁé&%?{ ﬁ@ﬂfn' ﬂwléfsa‘rgé’[ erﬁhéWH‘t t thB rgeqfnéw naureatures of the

rern an ad] acé
asapadiby aS@mels' 5@t add ﬁpo&emusmmﬂmmmﬁemﬁ vaﬁyedependmg on the
connect or as

504, A dingly, th
GBI SABIIGYIE beolarss BN AP XBETGol tha@onnector
Bs&émb B@@t\ﬁéreaééﬁﬁﬂéblyfoﬁ&a@&ﬁeﬁp6vé’1“'é151l' &‘ncﬁuon or a cross-type

envi ronnment, while also providing for at
gunctiapeott evm"ea sepatacdmpopeot suchnes ahmimnesy wgys}ﬁ example, the

I Fi 53 4 h 800
PR ik S sttae b Fgp 3 8RRoN oo iErRiBh s Bpud e acjustod
ééécblﬂﬁ\g]yﬁpsr Hiﬂ@fo‘r@eﬂh@ é’@fﬁi'dé@ignlcﬁsﬂhbaécbrmécw BESeMbly 540 as
and the dielectric isolation e cover 800 further

dlospateskand desenites kerejss sigodd mehbegansigapiasdlimiing the scope of
%B%H{d&é@{"ﬁ& outer wall 8 10 of the shell nenber
e

10 secure cover 800 to the overall connector
assenfdd140] In another form of the present invention, the heat trace

assemblies 502 are “maiched” with the connector assemblies 504 to achieve
even temperatures across their interfaces. More specifically, different power
densities may be required at the connector assemblies 504 versus the heat
traces assemblies 502, and as such, different power densities are contemplated
for each.

[00141] In yet another form, a reflective surface coating may be
provided along the interior surfaces 513 of the insulation jacket 512 and/or the
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504. [00139] It should be understood that the
exenpl ary connector assenbly 504 as illustrated and

waemcroidsed herein is configured for an el bow t PEEUS2006/031232

connection within the target systemand that the

geonetry and features of the connector assenbly 504

and its various conponents will vary dependi ng on the
cﬁch@ﬂéﬂ@mbﬁr%ﬁ@? andd Odi tohreducd the poyet rexyieenand-also to reduce the

RA9Rh st W0BORTSbRY B ERE s FA R LS B628b6 Somponents
JSUBH & 98fleAMetNRfAcR CHRIRAY qir@feeam%%nbw%ﬁ aarﬂumay include,

by way of exanple, the size and Shape of t nnec 0
é)é/s\éﬁwoy ezl Rienyd AdTiBUTD tailcomhethad jmeeﬂsw@omte@amppned by

i c design of the connector
assé%% igfhﬁggaggéﬁitrated and descri bed herein
shoul C[OOMZPeTh@rtﬁdsleptﬂorﬂ@f khavirvientiohhs rﬁé@gﬁeseémbmy in nature
present disclosure. [00140] In another formof

é\'”@s Hiis, vatiatiensthat dpanai dgpatt fesa thes g@h@f U’@slnB@ZtKw are intended
0
LT i, W B F ORISR SEOP b ARG ML oy

m@erlal uadadi yor ttief Iﬁmtetracqawmronéanaytbeea Jemyi- dtfhductlve material in
ége connect or assenblies 504 versus the
d' la ae SntamiRRraliie, orah NoRssYncsndictive raalerial such that

a

RS0 TN AR« cont

ﬁyetﬂmedﬁalddmadlh,e ﬂnenttbermml mulastms jéiﬁl@ts:fmay\ebe fitted with an
jacket 512 .and/or theshe

Gt 8 1580 o2 ko BRR Sty S AU ER oy wdlet b Protect the

&Hf@rmtméulanoﬁ ga&e&@ frHRRAAYE SRorRfthbSutBRIUEAYironment.  Such
heat er system 500 conponents. Such a reflective

yaripiens amanehiy e &@ﬂrrd@d pstengepaiivreniersithe tspirdreshcnsgope of the
Iﬂvg 8 , by way of exanple, an Alumi numfoil or other
Iom1en1SS|V|ty material applied by a vapor deposition
process. [00142] The description of the invention is
nerely exenplary in nature and, thus, variations that
do not depart fromthe gist of the invention are
intended to be within the scope of the invention. For
exanpl e, the conductive polynmer material used for the
heat trace sections may be a sem -conductive nmateri al
in order to self-regulate tenperature or a

non- sem - conductive material such that tenperature is
not regul ated through the material but rather through
acontro

32



10

15

20

25

30

system Additionally, the thermal insulation jackets
may be fitted with an external shell, e.g. rigid

w@k@gniwse4 of any shape or geonetry, in order tRPCPUS100€031232

the thermal insulation jackets from danmage fromthe
out si de environnment. Such variations are not to be
regarded as a departure fromthe spirit and scope of
the invention. CLAIMS Wiat i €lAIMS®Ed is: 1. A heat

trace_mﬁggbéﬁm{e%righeati ng a conduit system
: €

conpri Si ast one preforned heat trace section

adapt ef] to Aeepl acslassarbly faf ho&mid a doRait spsteRf cdiBrising:
conduit system the heat trace section defining an

el ongat ed BdpaslaonePrafrmeshbeal bace swstion rapapted to be placed

Q88 1 o AT BT OB e B B8 il o
telendeatl Hovgcieaviey i ciarfriel forefateivivyy aheorftRat oft tiRCEonduit system

section to the cgppd | t; and a connector secured to the
HE%'EG'@ PReea &k P Cgmg gdaps extansing &lgng Aagongiudisat axis of the
t ' | i e

VPR RS 8 S0t 365 al e A4AER 18908 LB g

be qui ckly a esha¢tied secusstt to ahevieshif irace tseetiowrghd tadapted for

system 2. T heat trace assenbly according to Caim
CpiFY 18 hedeoTaayoR A AR es e Here PREiOheat
trace vaesbirome 1R ticeCsd @R 11 RinHeRtdridarPhe quickly installed

connectors. 3. The heat 'trace assenbly accordi ng
& @nghremonied fean theheomdsit systerwe section furt her

of 6 et 11 ane BRIACKRSIBY biSrehile GRUB Y Ter Bmprising
phoaligi o prefddr@dmhbat WiieeisBelidis ket al E8ABsS&Sdihg plurality of

further conprises nore than two conductors for
CORBBFICES-havi ng a | arger size. 5. The heat trace

asse y a r di j r. COPRPI: Sin .
cooer . okl Aba0elds Chebib 564, GEERIDEL Wiroin tho nea
$ecei sectindiuriver conmenigesr at st swbheomductorshin thwoapplication of

cg%ncguctlors to the connector. 6 . The heat trace
SEENR PO4&Eording to Claim 1, wherein the connector

gg‘;:jﬂlﬂf gyihgfnﬁeéth@écé%fsé}hﬁﬁ/ h&rdinlgt i B&iR 1! Wherein the heat
trace section further comprises more than two conductors for conduits having a
larger size.

5. The heat trace assembly according to Claim 4 further comprising a
bussing adapter disposed between the heat trace section and the connector to
bus the more than two conductors to the connector.

6. The heat trace assembly according to Claim 1, wherein the
connector defines a shape that conforms to a fitting of the conduit system.

7. The heat trace assembly according to Claim 1, wherein the
connector comprises an insulative material and further comprises electrical
connector members for connection to the heat trace section.

8. The heat trace assembly accbrding to Claim 7, wherein the
electrical connector members are selected from a group consisting of squeeze

connectors, crimped socket connectors, and interference fit socket connectors.
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7. The heat trace assenbly according to Caim1l,
wherein the connector conprises an insulative materi al

wa@ea7huwseher conprises el ectrical connector nMeP@OEUS2006031232

connection to the heat trace section. 8. The heat

trace assenbly according to Claim?7, wherein the

el ectrical connector nenbers are selected froma group

consi s1i ng bie shgaiefece oasrarnldy s accordingedos Gtdiet 1, wherein the

T A

tdomnegtorect or conpri ses a pre-forned heat trace
section forned within the connector. 10. The heat
trace Hssenb§hazlclnch agperdplriagraiding taiCtair 1, further comprising a

SRS, MG SABCER SIS, FRPLARAR i e nt oo

Kkctibhe heat trace assenbly according to Caiml,

vvherei1n the_connector further conprises a tenperature
sensor! i spd&deat: Kase tasariteasenrding to ThiaiMed; wherein the

ldoRPBCRTS §ither Arbiiddd 4 Oteﬂlﬁér@tl}re WGLEH ngﬁggs&?awthin the

trace section conprises a dielectric cover,
diognectari c cover defining an outer surface and

conpri,gj ng urglity of insulatiopn stand-off .
extend@ng fir ?ﬂgrqﬁgtaesrse Y geeording tOT(IEl@"HéatWSFW%'E‘éhe heat
AEReEdYoAGORHsRe d Giectidedver, fﬁ'éediél'e?trkfh%v%? eeﬁﬁ’iﬁ@%n outer
are fins. 14. A heat trace junction defining a cros
SHHECE @ngh ¢asnpriging eqiwaiityi efgnsulation alandyofts extending from the

] ' froma central portion of the heat trace
junction, Wherein the plurality of arnms are formable

to conflor mThe editrll e bBcdfRNOUE i YDt /MerdiR-the stand-
The heat trace junction according to Caim 14, wherein
& a8dNSt race junction forms an el bow junction. 16.

Ihe haat | V2Rl 184 0BT FALALRR M Aob oM BN Lmorsin
z- giurality i ad rerimsh eatieadingofrpm ai cemitrah podiidn of tiee MEdE tRIcs: junction,
wherein the plurality of arms are formable to conform to a junction within a
conduit system.
15.  The heat trace junction according to Claim 14, wherein the heat
trace junction forms an elbow junction.
16.  The heat trace junction according to Claim 14, wherein the heat
trace junction forms a T junction.
17. A z-directional heater comprising:
a pair of conductors; ‘
a pair of conductive elements electrically connected to the pair of
conductors and extending substantially parallel to each other;
a conductive polymer material disposed between the pair of
conductive elements; and
an insulating material surrounding the semiconductive polymer
material, the pair of conductive elements, and the pair of conductors.

34



10

15

20

25

30

a pair of conductive elenents electrically connected
to the pair of conductors and extending substantially

w@analbiesbs t 0 each ot her; a conductive pol yner PEr/E81086/031232

di sposed between the pair of conductive el enents; and

an insulating material surrounding the sem conductive

pol yner material, the pair of conductive el enents, and

t he pai& ofThoheaier aceortig trhelaimat % rwhereor thengpriductive polymer

17, . I o | Sl
Shloa & st ighiE  SOEHATE RS ERLeCPL For feane”

heat er19. 19.TheRedtenbeto@ifPiodCREMt 17, i rdnlihe MIRILREDe element
t.he conductive elenment is selected froma group

ddaglesiadigorra geup eensigingd! folbandgrider nal i nsul ati on

j acke or i i slpng:, an t ruded .
body 2% n PP s RRON BT 4 AR G e sing:
plurality ein extrudsadwy isaving arGubst weIeANnd @ iRHESRall: and
wal | and the ‘Unner wall. 2 1. The thermal insulation

j acket accdy BiURRity of @iraghambers\frened batweesithe chiemwel and the
def i ng dqnght udi nal chanbers. 22. The ther nal
i nsul ation jacket according to Claim 20, wherein the

ai r cldnberlhiedbbimal iasplatioajdaket atcangroaBlaira 200 wietein the air
into. the ipne I1., 23. A thermal insulation jacket
Fgﬁnﬁ)eﬁ%g?ﬂ%e M@HW%GWP%{%: a body conprising a
| ongi adi nglhesthikr i ' ' { - i
| ongi t udi nal ’shﬁr,napv\iﬂglrjlg}léﬁ ﬁ?ﬁ ?%&?@%@a@éﬁﬂ?&?’ﬁﬁ%n the air
chagiberifatine ginlaralityeof aihpockets feaimedristd tiei innelj waket

is di _t he..h d duit. 24. h |
 noul 281 on’) BeREA IR Rt Flioheieg CpalitGoiiisavo:
flap is sebasddydcdrnpnding ariebgituemngisht;iamg of an

adhesi ve coated material, Velcro(r), and snaps for
securing t Rdlan dippesed adiapertythe dengitngkinal skt mal

nsu! Bl 3o 28" BREL A PR SUE kR e therma
inséatioadacletds disposeyiarsimpthe Hedyd dehdoitng an out er

G spodd alBRGNEHEAT SRR IROKY EEEBHRBC iaimsRapBherein the
fibp 3 BEREIS 6% & BR3P Bonsisting of an adhesive coated material, Velcro®,
and snaps for securing the flap to the body.

25.  The thermal insulation jacket according to Claim 23, wherein the
body is extruded.

26. Athermal insdlation jacket for a heated conduit comprising a body
defining an outer wall and an inner wall, the body comprising a pocket disposed
along the inner wall to accommodate a shape of a heat trace section.

27.  The thermal insulation jacket according to Claim 26, wherein the
pocket is rectangular. |

28.  The thermal insulation jacket according to Claim 26, wherein the
pocket is arcuate.

29. A modular heater system comprising:

a heat trace assembly comprising:

a heat trace section defining a plurality of fins;
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27. The thermal insulation jacket according to Caim
26, wherein the pocket is rectangular. 28. The thernal

WO p@alostseon j acket according to O aim 26, wherRCTUS106/031232

pocket is arcuate. 29. A nodul ar heater system

conprising: a heat trace assenbly conprising: a heat

trace section defini ngt a plurality of fins;an

i nsul ati on | ackeh inswatinmiarke) uREUREinY thedwaat dreeeissstion; and

of the heat tr addeBsicr MR HEmie? PRPS e i 3R ffor tne

[SV%i8 1 2 Yoo Sartion; shel | | ncI udi ng a plurality of outer
wal I s and inner walls defining cavities therebetween;

and a fittRSENARAPEASSRBBIMAMRISM®sed within the
shel | and compr %h@@lrﬂ:dj(% ﬁéa’}ﬂw{%ﬂﬁﬁéf?&’{%mgﬁéhng n‘ﬂ‘?e?walls

section dlspose aroun
defising casitiog thbrepetvexbraadnd the fitting adapter.

Th dul heat .t nbl d
Mherein t he 1 nodflGdedtan ReteoM eose0g i g ﬁ@”@l?e'ﬂd
acéf@gﬁ |F19°£\‘|tt|ﬁ§%i gfe? a Pedt tr%‘@s@@\tﬂﬂei ﬁ@f&%ﬁe afduerthe fitting

acco alm 30
agapiet,rancbin se@masmgaﬁws@earoppd#.leeifittiug\aﬂﬁnterps and

o ondl: neffe sl tacs sty Rk AR el 285 Tnerein
ﬁ*ﬁﬁlﬁﬁ@lbﬁoﬁ‘lfé&éﬂb&ﬁ h§e§bfﬁhﬁﬁaﬁ® ofWypirbitichNSegments,

symetrica egnen s further Conprise recessed outer
surf a8és t dhemasiuerderal tegcocansemily aeearding I 1arm 0, wherein

PR el R phuRR RS ofiG L lod Bt aBBoioop)Jooking

rbsitaat exdénd Alhgespdsad Hiegés of m@enaﬂambjaz:ket:cor di ng
to Cdaim?29, wherein the insulation j cket further

conprPles sheMmoduiarfiealiraseassembly éﬁ%qr digereledn 39 wherein
Héesjgﬁh@rﬁ%ﬁ 58 gﬁ@’fﬁh&ﬁ?éom%& \'ﬁ%&'s@& qEat erfd%I%% to

'y accor ngto I'n the i1nsulatron
peakemotiatd securmgpmesmsera refl ecti ve surface coating

al ongsgn The modular heat trace assembly according to Claim 32, further
comprising an insulative tape as the securing member.

34. The modular heat trace assembly according to Claim 29, wherein
the insulation jacket further comprises slots to accommodate at least a poriion of
the terminating member.

35. The modular heat trace assembly according to Claim 29, wherein
the insulation jacket further comprises a reflective surface coating along an
interior surface.

36. The modular heat trace assembly according to Claim 29, further
comprising a terminating member at each end of the heat irace section.

37. The modular heat trace assembly according to Claim 29, wherein
the terminating member comprises an embossment for egress of lead wires.

38. The modular heat trace assembly according to Claim 37, wherein

the embossment comprises adjacent lands separated by a groove.
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interior surface. 36. The nodul ar heat trace assenbly
according to Caim?29, further conprising a

wo eoorionsbd ng nenber at each end of the heat trBCEUS2006/031232
section. 37. The nodul ar heat trace assenbly according
to daim?29, wherein the term nating nenber conprises
an enbossnent for egress of |lead wires. 38. The

modul 9. hedhemedidanieai iifiog assesily agearding tai GhaBa 29, wherein

el G R RERE B5RbuS S Bt Ftl o Bifep secured o
a@smﬁgiryg pegprding to d fai m 29, V\,he!rei n the
term nati n%hrrerrber conpri ses a housi ng body and an end

cap sé@ur edhe snedidaitirditingerssgmlp acqordingsieutlaim @atvherein
| sy . e
RIS FomprRLEl R R PP 8L 7 gbBRures o

ataomaotigteotleapieal coremctioniccommodat e el ectri cal
connect i on?'ah 4 1. The nodul ar heat trace, assenbl
e

Ly .
accor#ing aeduirrdteat jiaeeassemily Aserning tBdepim 39, wherein
r d L} It ; j 42. The
TS Ring OB [ SoRIHSED o ufIn i GRBhSRRS, 1%
wher e t h€hs heddulardmat itees assphinhyabcdordiviy tef@hIm 29, wherein

. . Th | h nbl di
e el iseniop Lty BbsERBine e e conpti co hi nge.
el eneggs. e nidtilamshs: Wac@%%‘éeﬁfb%?ﬁﬁc&?laﬁ@bblaim 29, wherein

according to Claim29, wherein the s nbers
iberghelleembersesmpisehingexdlementsab and at | east one

corregspondy e t erein the flexihle.t engage .
t he d%?‘en?r ﬁ% rrgoecﬁﬁ%]ré‘le(aﬁgr a&ﬁeﬁsﬁeﬂg’%%?%of B@@é?ﬁg?'.m %g Wherein
theeshalidnbmbeheedmpries at RISESHS HedbROEEI AHl Atdesdtdid 29,
wherein the shell nenbers conprise at |east one

GATEBSAONEinG e Ighl Whereiabe flonble thr ergrues thg deiemitagecure the
%,rrﬁhﬁ]qtetggtgndoe%&bl e tab engages the opening to secure
t he she ne '

ers’'together. 46. The nodul ar heat trace
assemb.y aticembdulprtieatiracead8embheaedordingeostiainh 29, wherein

38! Tudahers Camevseirigarons ApdpBgaiantiarieas one
ﬁé&p@gp@ogp%ﬁ@g@@érg@ tﬁ%gfe@&ﬁe ¢476h§eg & MRS Hning & becure
the shell members together.

46.  The modular heat trace assembly according to Claim 29, wherein
the shell members are interchangeable.

47.  The modular heat trace assembly according to Claim 29 further
comprising a reflective surface coating along at least one interior surface of the
shell.

48.  The modular heat trace assembly according to Claim 29, wherein
the shell comprises a plurality of rims that are adapted to engage an adjacent
heat trace section.

49.  The modular heat trace assembly according to Claim 48 further
comprising a cover adapted for engagement within the rims.

50.  The modular heat trace assembly according to Claim 29, wherein

the outer casing comprises an internal cavity that accommodates lead wires.
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shel I . 48. The nodul ar heat trace assenbly accordi ng

to Caim?29, wherein the shell conprises a plurality
wotowrionsses hat are adapted to engage an adj acenPCTE§1006/031232

trace section. 49. The nodul ar heat trace assenbly

according to Claim48 further conprising a cover

adapt ed for engagenent within the rinms. 50. The

modul &. hedhetmadelanbeatiinge assanioly mgcowdiny & Giat 29, wherein

t | t
SR o hEE FARAREh ST H R e ar hoat
t r ace 5gssemipleymadgiar Hbattride éés%rﬁbl?%cc@ftﬁrﬁ@td‘ddiﬁl 29, wherein
out er casi ng further corrprl Ses a fge el enment

heeoutsd Gﬁﬁ'ﬂgﬁéﬁhew%@”%%%@ﬁﬁﬂy\ r@a@bmtm@lm wir%s m 29,

For 1 P2t or TR PREP AR 0 TRELRTR0 R Bl £ gvnorein

dss entel yasingwomprisdisawdl dliter Eabinyd) einell eadhéf 1BBt®b outer casings
casing conprises two outer casings, and each of the

CRBPHEE & cUUGcHRY deyiss i sechre-hirrse Puigr easings tq gach other.
secur g4t heThugn 4818 F h&é‘rﬁtﬁ&saés% I&cB{:Fb‘?@ tc?;énlaérg%, wherein

nodul ar heat trace assSe acco
Weefiting aidlaptefnfﬂtthalgccardpmﬁ afflaasthane sldrmlplrsxﬂde &br dg@asbion of
ﬁ&%% |Itdt8KPr0VIde for expansion of the fitting
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