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[ 0001] The present disclosure relates generally to electric heaters
for 5 useWmi/pebiines, and nore particularly to el ectprt/useat/enss:
for use in gaslines and punplines such as, by way of exanple,

sem conduct or processing systens. BACKGROUND [0002] The statenents
in this section nerely provid (ﬁﬁckground 10 information related to
the present disclosure and maﬁ” VLRBHEMTERSYS TBMSart. [ 0003] The
supply of fluids such as oil, gas, and water, anong others, froma
supply, e.g., an oil well or a water reservoir, requires transfer of
such fluids by conduits or the like. KiEHPaining a free or
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the fluids. Additionally, the conduits and the heat traces are

sonetimes surrounded by a thermal insulation jacket to reduce heat
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2007/ 019564 Cp it390pgrige 1P to the conduits and thus to the ﬂwds Additionally, the

conduits and the heat traces are sometimes surrounded by a thermal insulation
jacket to reduce heat loss to the surrounding environment.

20 [0004] Heat trace cables are a popular means for heating such fluid
conduits due to their relative simplicity and low cost. Generally, heat trace
cables are disposed along the length of the conduits or wrapped around the
conduits and are fastened at regular intervals with bands, retaining straps or any
other suitable fasteners, as shown in U.S. Patent No. 5,294,780 to Montierth et

25 al, U.S. Patent No. 5,086,836 to Barth et al., US. 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. 3,871,416 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

30 of utility lines and continuous manufacturing processes, among others, where
time is of the essence.



[ 0005] To expedite the replacenment of utility lines, U S. Patent No.
6, 792, 200 proposes a pre-fabricated heat-traced pi pe, wherein a pipe

to be hea}gdysRdigat trace, and a connector for elect rﬂc‘iﬁ]sﬁbﬁﬁlesizs
connecting the heat trace to a power source are cured and 1 nt egrazlly

fornmed beforehand and inventoried 5 before a need for replacing an
old pipe arises. Wile this prefabricated pipe saves sone tinme with
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inner walls fipni cayi t.ies t herebet ween n fitting heater
nosenbly o CaaeclPAERRY bhE elEpy areanng e Reabe Ve BRangRpe and
conpri ses amahtifdcngingdmgtesintomaheatcottace section di sposed around the
fitting adapter, and an outer casing disposed around the fitting
adapter. 20 [0007] In another form a nodul ar heat trace assenbly is
provi degh that conprises a heat traggaggipyen defining a plurality of
fins, an insulation jacket surrounding the heat trace section, and
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| ocki ng edges disposed at ends of the curved portion. The heat trace

section al sePmprises a fiiting adapter, a heat trace section disposed around the fitting
adapter, and an outer casing disposed around the fitting adapter.

20 [0007] In another form, a modular heat trace assembly is provided that
comprises a heat trace section defining a plurality of fins, an insulation jacket
surrounding the heat trace section, and at least one terminating member
disposed at an end of the heat trace section.

[0008] In yet another form, a connector assembly for use in a heater

25  system is provided that comprises a shell including a plurality of outer walls and
a pluraiity 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.

30 [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



WO 2007/ 019564 PCT/ US2006/ 031232 includes a sem conductive pol yner
core and a dielectric cover surrounding the sem conductive polyner
core, the wiOdoeraipsse cover defining an outer surface andCr/osamyi3si3ng
a plurality of fins extending fromthe outer surface. [0010] Further
areas of applicability will becone apparent fromthe 5 description

provi ded herein. It should be understood that the description and
speci fic exANPIdes 2 FMIGHNEHERE POYMBLFRGsRRT af diplerlist 6over SHITBRNYING Ale

are not in el C . all
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show ng one of race“assenbly to
heat ed s®m desmiptiborprgeidbd rreseiand!t sponil baresredfodd OS] thEidpescapidbn and
perspective_view of a prior art he trace cabl.e, disposed around a
gasline or %?ngl'q e %ﬁlﬂfe ﬁtaﬁqeéja%ori RUIDOBES G Jltyst lOBU?ﬂW LRy NG
a prior artinfeffed baiggt theakebpe of Helfbséniticbshrés a cross-sectional
view, taken along line 3-3, of the 20 prior art heat trace cable of

Figure 3; [0016] Figure 5 is a perspective view of a nodul ar heat
trace assenbly secured geygr P TSYRL HE peegueanse with a
first enbodi nent of the present disclosure; [0017] Figure 6 is an

expl odetP per speclhitid] vi dWediresans diasthsusg Wiklbecons maradelyagr@ariopd dfom
Figure 5 i npaceqr: e e ' f . pre ...di scl osur e;
[0018] Fi gutr% @q%igﬁ;&%g\rﬁégg%%ﬁ@éﬁew ewlr'ﬁ%%gﬁﬁeég?%{r{éét@ﬁgeeé 1on of

Figures 5 and 6[08da%t r kgiuee 1iis asotionmddio vewshdwinh erseaiche mgplicHtionb ef

Cection of #i JUELT irat shhat SYGTHTe T (ipainie TURERMYLo oot '8
present di splippliies; [0020] Figure 9 is a perspective view of a
connect? % of F %r@?%] > %Pg%rg 2 gsna %%?sopre%%\?g %ievx\rnv to? e;[ Eﬁort S%Chhelar’Hrsac%f Cegbrl]ee
present i scl os ;

disposed around a gasline or pumpline;

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

[0015] Figure 4 is a cross-sectional view, taken along line 3-3, of the

20  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

25 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

30 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;



3 WD 2007/ 019564 PCT/ US2006/ 031232 [0021] Figure 10 is a top view of
t he connector of Figure 9 in accordance with the teachings of the

present diggl@skifes [0022] Figure 1la is a perspective P?Tﬁygz&%m?usz
connector in accordance wth one enbodi nent constructed in

accordance with the principles of the 5 present disclosure; [0023]
Figure 1 |b is a perspective view of a connector in accordance wth
anot her enbodi mgae2tjonskiguet €d iis adoprdancef Whé hodrirecri oCifmges of in

the present disclosure, [0024] Figure 1lc i.s a perspective view of a
connect or i?‘FCQE%&CBé{W@eme&ﬁa‘%‘%%?ngeQFﬁ??HEQES%IHB & ment construct ed

i n accordance wipptiedihe PigLRCH PA @Sa Perddeetivdvieaest a GofRbOSH rPacd ARk
Figure 12 is_a perspective view of a heat trace section constructed

i n accor dan¥éh \finen egbogiaenRt eamdricshin Gceeriange ewismtthai Bidnailas eof the
[0026] H gys@sdm disiciirend view of the heat trace section of Figure
12 15 in accordance wth the teachings of the present disclosure;
[0027] Figure 140023]Ja tlogurs el if a pekpesiivey viadapt @ conoastor ircaembriance
accordance W t i resent. di scl r.e [ 0028]  Figure
15T a per UbarbCEr SFERRINEE: R Bl 8°Rentt B PR Ge FORERLs b
accor dance weténialiddosge,enbodi ment of the present disclosure; 20

[0029] Figure 1 _LsS,.a rspective view of an alternate formof the

heat trace | uni?b%ﬂ ofﬁﬁw%jtc P52 @SFﬁqeﬁ{WeeH’QWo?fe%r?OEP%‘EfW JLRATIATRNSs
a conduid syt g ardsitbrePsdditehesbristuseaon adtiaaméd With e bAKGHES astef
the present disclosure; [0030] Figure 17 is a perspective view of an

alternate fRIPRPDIAIGARSWBat trace junction of Figure 15 confi gured

for a T-junctiong@spa Cﬁﬁﬁ'x‘é’ t125]}f§tf%é]’§'§ecti%é GRuStgrugt ﬂgal'[ 8%% section

accordance wi ththe teachi ngs of the present disclosure;
Fi gure 18 igongtrpeled praccardanteewitot deeand embedimardtof tresprsisent disclosure;

e o1 AGBAEE? KBy CRB0SR Y RO R SPRT, sl

state; 130032Jackorganee dhitise teewhihgs\af éve pbsehiedibmodurer ace sections of

g: gglr g sﬁ? e: 301 Tﬂﬁfﬁor dl@laﬁz% %,tig attrt]c?p tv%%&:%'f %g%ugsfiné haeda%geersgggstructed in
accordance with the teachings of the present disclosure

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

20 [0029] Figure 16 is a perspective view of an alternate form of the heat
trace junction of Figure 15 configured for an elbow junction of a conduit system
and constructed in accordance with the teachings of the present 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

25  consftructed 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

30 in accordance with the teachings of the present disclosure;



4 WD 2007/ 019564 PCT/ 0S2006/ 031232 [0033] Figure 20 is a perspective
view of the heat trace sections of Figure 18 in an engaged state in
accor dancew wh7/albss4t eachi ngs of the present di scl osur ecTuOR8¢)31232
Figures 21 is a side view of the heat trace sections of Figure 20 5
in accordance with the teachings of ‘the present disclosure; [0035]
Figure 22 is a side view of an alternate formof connecting the heat
trace sections of0083jur &&gure-20 ismAdpaisprAtivactial afnthachest dsareesegtions of

ber spect ve et aus, Morbanafots SEREP BHiEumct Rl 1P Bdis $E8 present
const ruct i onljscioszifei recti onal heater, in accordance with the
teachings of th se di osure;, [.0037 lgure 24 is. a .

per spective vi e\/\/f%q(‘)s&l t %ig%?%h rjé e cﬁ {')lﬁwjogﬁﬂgbg@{)t(aceasﬁgpggf E&%‘&%?Q
const r ucked in Acag dacanitieihw tehclihgs bEmehiregsi disclidyargr esent

di scl osure; 15 [003 Figure 25 is an end view of a thernal .
i nsul ati on j acket9%4h urﬁlzf?e‘fsrﬁa?@ep‘ﬁ%‘@(é%/ 2RAIGTRIP P8P gRANecting the

construct ed HeBt #GEOTRANES W i8S feear ndgSonseliclddeinPE888Phnce with the
di scl osure; [0039] Figure 26 is a perspective view of another form of

a thermal iteRaRgs &g ataeent diseloguigeat ed conduit constructed in

accordance W th Ldl’f.’se Zo.ﬁ\gﬂ@%ﬂgi @rsﬁ&%y?%ﬁ&%e\ﬁé@%lr %ﬁHQﬂ%geﬁr@gaéﬁn%]t

Figure 27 is a perspecti vi ew of a ‘st ano ormo
i nsul at i16n jcAekeridroronatrheitined 2 dineltiionaclogeder, irc fecbrilance wih diaan tachingh

the teachi 0, . disclosure; [0041] Figure 28 is a
perspecti ve%g?rbﬁérg%g@eﬁ&gﬁsg‘p 'er formof a thermal 25 insulati.on

j acket for a hea{@IB7gondrigure @arns tarperteshiive viege of aémahirishidibe jacket for
teachings o

f the present disclaosure; [0042] Figure 29 |s a
er spect ve & TeaeBIooRABR KenSEiBH mascogRnte WilneaaraRes ' dog present
assenbl y conrgdddseted i n accordance wth the teachings of the present

di scl osure; 30 [0043] Figure 30 i s another Perspecti_ve vi ew of the
modul ar 1Beat tralt@3 igure 25 is an end view of a thermal insulation jacket with an

alternate pocket configuration and constructed in accordance with the teachings
of the present disclosure;

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

20  teachings of the present disclosure;

[0040]1 Figure 27 is a perspective view of a still another form of a
thermal insulation jacket for a heated conduit constructed in accordance with the
teachings of the present disclosure;

[0041] Figure 28 is a perspective view of yet another form of a thermal

25 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; _

30 [00431 Figure 30 is another perspective view of the modular heat trace
assembly of Figure 29 in accordance with the teachings of the present

disclosure;



assenbly of Figure 29 in accordance with the teachings of the present
di scl osure; 5 WD 2007/019564 PCT/ US2006/ 031232 [0044] Figure 31 is

an expl odegongimkegt i ve view of the nodul ar heat trace Rs5&IMM%:0E
Figure 30 1 n accordance with the teachings of the present

di scl osure; [0045] Figure 32 is a perspective view of a heat trace
section 5 constructed in accordance with the teachings of the

present discl osqoe44}[ OGZIaQﬂ:reF:Bgtsrm 33plodedpeesolcive diepesisipeahbi@ay heay
of the heat trace cordance wth t@a eaﬁhln gs of the
o esent i SEBeas G TORGRY & SonSartp it o ohe-pReat
trace sectldngfogpgprl sing fins and constructed in accordance with the
teachings of the present 10 disclosure; [10048] Figure 35 is an end
view of the heatl0943lce HaRiS &7 EorbriasRRFtIve| WEW BT a8 cBPdial@se Wsedion

the teaghi ngs0fckA% BE@&@QEC@W%*%B&]th?ﬁ% iﬁ%%]&%ﬁ)éﬁe an end

vi ew of the heat trace section co ns i sposed within
an insul ation j 40044] i rFigcmoBHaﬂw wmlhdeche)etrmhvmg@mfof the hdwe irace

present dis re 0 S ew of an

i nsul ati on ﬁeggé}é]f” a%%)ﬁg '}J& Wlﬁﬂ%ﬁeﬁeggm@s@r;ﬁg \R#)Ster%'ttfjﬁgm%gacm ngs of
the present di s¢hosny e;FipORSL} ke ga,lr}mraﬁedtﬁeamea,ndafvaeh}eaf ttzloe section
i nsul at i on acket accordance eac{}bn s of, the Eresent

i s61 osur o; SHP RIS g e ed nAtseRbRe ol P NS ohER Piepate
secti onpengagiifgre@ term nating menber and constructed in accordance
with the teachings of the present disclosure; [0053] Figure 40 is a
perspective vi elP®48k heFigutendhay ARENWeYIBWrofi the hasdk didgarrestian emising

teachi ngs dhelifioBteaRes wihal asnfige PR ntigssydl | s a fron

per spective view usi ng termnating nmenber
constructed in d6e4¥ldantcigurs 86 is ae ansagawnefsthefhaatdraseessstion comprising

ﬂ:)ﬁ g: ﬁsur © J!ASOQ%SJHSE&%H \%itﬁliﬁ dn inulbfH JaBEétSfHea%Ebya%nXé %\Wh%tettggchlngs of
g bo

15 the present disclosure;

[005G0] Figure 37 is a perspective view of an insulation jacket
constructed in accordance with the teachings of the present disclosure;

f0051] Figure 38 is an end view of the insulation jacket in accordance
with the teachings of the present disclosure;

20 {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;

25 [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;

30 [0056] Figure 43 is a front perspective view of an end cap of the
terminating member construcied in accordance with the teachings of the present
disclosure;



accordance with the teachings of the present disclosure; 30 [0056]
Figure 43 is a front perspective view of an end cap of the

t er m nat i ngOaeAtiEPsEdonst ructed i n accordance with the tedatiibmgs30f32
the present disclosure; 6 WO 2007/019564 PCT/ US2006/ 031232 [ 0057]
Figure 44 is an back end view of the housing body in accordance with
the teachings of _th sent disclosure; [0058] Figure 45 is an back
end view of the W?ﬂ ?:BBHS? fte ¥ iane BARsl @”%I%ertdhecbﬁﬁﬁﬁﬁlw in

and Cons”uﬁb&ﬂdhﬁb@ﬁrﬁ@ﬂﬁ’é‘%%h b ik @RS ef, the S present
di scl osure; [OOSEdqsgl gure 4 |?gba rﬂ(ﬁ%r endm\ln ewug t he housi ng body

illustrating po hs dﬂgttrﬁéBelBé*@tba%@nddmm@&ﬁha)heuan@ bodnsiith unteed!

d 6
i gur o a7 1 & oSToP s eyl ad ool n ieBo e T % iropk BB e
const r uck edpreseatdiscibanee Wi th the teachi ngs of the present

di scl osure; [006 L gu 48 j.s.a front erspect ve, view of the .

connect or assenbfci?sgi i:eqLE%t@’Si f L GHaHEY o ‘!thﬁ 'f“Pl‘éS“E‘%i)E’HV ﬁlg@trg;mg
the present pditab asune; elbO@6Z] conrdittienstAnt constra@ed PN SRR Miﬂ@\@he
of the connector as?errbl 15 in accordance with the teachings of the

present di sé3G89E0 HHBBECR YEFleSHE: i s an expl oded perspective view
of the connectory Ooﬁﬁfe”ﬁﬁﬁrémﬁ%oédﬁﬁﬁeeﬂﬁtﬁeﬁvh%fttﬁécmd&%ﬁaroﬁeéthﬁac?

present disclosure; Figure 51 is a partial perspective view 0

a fitti by heagxspbly asspsiiaed olstaogetdance nwib c dralaiseehings h of hie present
teachi ngs of; the .esent 20 disclosure; [0065] Figure 52 is another

parti al perspectl vé view of the fitting heater assenbly constructed

in accordance wi [0@6tthe fepchidBgs adfortipergpeetentiewddisibe apnnestof EGIbly

FLoure 23, oI E R B e 0 e SR RSl oo
the teachings ofooshe pFresesauodsscieasdb@pective view of the connector assembly
15 in accordance with the teachings of the present disclosure;

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

{0064] Figure 51 is a partial perspective view of a fifting heater
assembly constructed in accordance with the teachings of the present

20  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

25  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

30 [0068] Figure 55 is a side view of the cover engaged with the shell
member in accordance with the teachings of the present disclosure.



[0067] Figure 54 is a perspective view of a cover engaged with a

shell rmenber and constructed in accordance with the teachings of the
present  dyChesmsgs and 30 [0068] Figure 55 is a side yiené0fsosPS:
cover engaged wth the shell nenber in accordance with the teachings

of the present disclosure. 7 WD 2007/019564 PCT/ US2006/ 031232 [0069]
Correspondi ng reference nuneral s indicate corresponding parts
t hroughout the si@0eshl \GCevespohdige rdicesndegHumdpEBAlbEBDIBESCRETd NP

[0070] The follgwi nq descriptiagn.is ely exenplary in nature and is
not i nt endeBatHMNP O“fﬁ@ #’@@Nﬂe"’?ﬁ ‘r%%l’“%ggﬁw@f'g%ppl i cation, or uses.
[0071] The structure of a heater in accordance with the present

di sclosure is now described in greater detail. At the outset, it
shoul d be understood that theDRdrdLERMRRGRIPTIGNUsed t hr oughout this

speci fication 10 ud A Lt at: ] Q@ﬂ L.pes d .
ot her en%l osed gerbggjrt i gﬁ?;“%ﬁ%?géémﬁéﬁﬂée%rﬁw ep!gbgﬁs?%tra%o?nd s
flui ds or otbigntemdeatd &hE thaptesast disvldarre, applishiim,icesisesThe materi al s

carried by the c its SGI. I her ei.n_includes splids, . .|liguids

and gases and rra@'a?wcl uggfé %}F/dc\l@% 8? %f‘fﬁéﬁre‘,n ﬁoﬁ?@%”f’ﬁa‘f‘”ﬂlér@’e présent
transferr egdi\sbrblau'm isa ns?nidﬁmrdmdt or fg%alégst@%eggdaﬁﬁpﬂ’feﬁtduﬁseﬁfrhtefshould be
foll ow ng descripti,o the 15 preferred e iments with reference
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and can be ;ﬁ@%ét@g%;g%am éygﬂa@%};ﬂ&ui&oa%agg%mggﬁ ihaﬁabé"seﬁq_swéigpfge,

t he scope of the Cgresqnt i sclosure. erring to
1, a seni cofdltgaers Proteydneigds, iyt way oDexample) fluids Hetede trahsfetred within

generally ipc t i at t froma . renote
gas del i ver§ é%/@fc éﬂ?&‘%gi pg?%eg%id [%38%Fatg$ﬁ]d ﬁéeﬁgﬁ“ﬁnﬁ%ﬁcﬁ@{qﬁ thme
ext ends1§ r opmefdrescp reotmsimenis| with hreferghca tpl suchl iat gemiicaroiopnanbsesing
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bPer ring o _ .
and the punPPRHBYE4S RILEY BXeR nye% 'é%ﬁ'&?r dithg onepe it 0leuif Hip
requi r enent BwetrG hishaspiickBbgabl ¥ises. Accordingly, the teachings of the present
disclosure are not limited to a semiconductor processing apparatus and can be
applied to any system of conduits while remaining within the scope of the

20  present disclosure.

[0072] Referring to Figure 1, a semiconductor processing system 10 is
ilfustrated, which generally includes a heated gasline 12 that extends from a
remote gas delivery system to a process tool, and a heated pumpline 14 that
extends from the process tool, through a plurality of components as shown, and
25 1o 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
30 glass tape 18 or other securing means. Additionally, insulation 20 is often
placed around the heat trace cabies 18 to reduce heat loss to the outside
environment. The insulation 20 is typically wrapped around the heat trace



been acconplished with heat trace cables 16 as shown in Figure 2. The
heat trace cables 16 are placed or wapped along the length of the
gasl i ne 12weorz00ppusphi ne 14 as shown, and are secured topthespasiine
12 or punpline 14 using a 30 glass tape 18 or other securing neans.
Additionally, insulation 20 is often placed around the heat trace

cables 16 to reduce heat | oss to the outside environment. The
i nsul ati on $8Pieg 16, Nd Hecyrag BpYPaee AY AaRarainPierest Oft leaeeor Eanmound the

2007/ 019564 gg{p{&fggpg(,,g,gmg@@; cables 16 and secured in place by

separate pi éces tape or ties around the gasline 12 or punpline
14. [0073] Refer U731t o HeEfguingdo Figinds 8 anhd, tensanstrociion anddnaterials of

materials o t Lnac il tr.at es
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RO et et ShirbunditL by a semt B icap iR b e riet drate ol iod M B Heltks 25 geheating
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braid rraterlal 28 as shown for additional functionality such as a

ground pl an80lYI®r Fiedi | 24anviyelh dpay aaﬂt@ﬂaléob§uwrmﬂmi§dt A¥ srenelal braid
brai d mater ke & Qg%th%wn h;i?ead&m@ﬁa?' }uné i) X ucﬁ”&’s tfbegrSﬁ'ﬁc?rp!ane

jacket 30 is typl ca an insulating materi
t her nopll@st Fcrth{m@mcpuw faebayB0 setratndeethg ﬂnewérbrwdsnatehahzantmerotect the

ol d and sorreldEehms, 3G 57 ShEr PR e Sl o b TREh g idlp el Sucn
which i s of aem mem:rogﬂasnmum ng and cunberﬁone A’?ldlntl onal Iy, heat
brovi ding o rel allGaly AP R RUNTTaY v BT YRGB ot

condui t duetrhge cbbi%s|1671rﬁ1§ﬂb@b@tatoqa§n§%ﬁ\4ﬁft!@é]ﬁeld%d@kﬁicé@|arﬂb'a\fﬁéﬁbr§ﬂir%§§
neans b WhICh the?/ are secured he conduit. Heat trace cables 16

or ovi de Bl Formesial FolREIRAWTCROST RECR oHBE! EORMENINE ERE pumbersome;
stiffness aﬂ@dﬁibﬁéflf Wk trhBe Eé’dlé@ RE & nbi&s é%ﬂébge 2} o‘cﬁbg qe%‘ﬂﬂﬁ‘égétems in

[0075] Wth reference nowto Figures 5 throu
trace assenBrovicdiogptewtively unifermegiisg prdimaloogdhe ﬂﬁﬂgﬂ@@i arEpreyi tegmto

10 in acc O’EI'%aﬂ%ﬁ%a“atrQa Bt blsthg& A% EERL 1081y ISP TSR by WBEOPY Sire

is illustrated
secured to the conduit. Heat trace cables 16 provide only casual contact with

20 the conduit due to their stiffness and difficulty in forming to the shape of the
conduit. |
[0075] With reference now to Figures 5 through 8, a modular heat
trace assembly adapted for use in a semiconductor processing system 10 in
accordance with a first embodiment of the present disclosure is illustrated and
25  generally indicated by reference numeral 50. The modular heat trace assembly
50 comprises heat trace seciions 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 ito components of the
30  semiconductor processing system 10 as described in greater detail below.
[0076] The heat trace sections 52 are preferably formed as an
elongated shape as shown and include a curved portion 56 and a pair of



25 generally indicated by reference nunmeral 50. The nodul ar heat
trace assenbly 50 conprises heat trace sections 52 for contacting
and heati ngoa.sAREit 13 of the sem conductor processifgy,s¥stan i
The nodul ar heat trace assenbly 50 al so conprises connectors ’E@ grgr
securing adjacent heat trace sections 52 and for securing the

nodul ar heat trace assenbly 50 to conponents of the 30 sem conduct or

processi ng sysdetiy Ik degsy Ebeéi(témiir@g[)@ﬂbelbngiﬂicﬁhél aedcWvh of B8 7&@kved
a

The heat trace sections 52 are preferably formed as an_ el ongat ed
shape as shBWHCARP-i ndeyeiEved CEFIREISD R8T Bh BT defage fll AleBTing gnvgpen
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in a longitudinal direction of the curved portion he curve
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o face of IhBRVERMde 4o Fatansaohat, iy bedl wdS SPuAbfer™s M
the heat treageiugierd bad t52ilba foheclf-kRRMYI df the Had ttaee aldko¥n BRraround the
sel f-1 ockin o[,the heat trace section 52 around the conduit 13 by

the | ocki ng“@ 5135@ IEJOFIRT $119985& hown, the | ocki ng edges 58 are
spaced gpart in @odf QRowh! Wlﬁﬂgﬁgeﬂﬁﬁé ?g ORELLMAL Rk ir@é'tcﬁrgeﬁon

echk ]
the curved POI’tI on 5% and are so configure S ;o%am I'Ttate the
mount i ng of YenfverRsato thedergibdinal aws obiha @uvek peding did andare B} aodiguras

heat trace rel, @f:s o i, Pl nnel:: :
trace sect ?%tﬁggéa!ttgkegltiécgﬁj@#@%ndghﬁ Eeﬁ‘%gr;f wgt é%',o ﬁ%hg F%E% %gﬂé%lbég’
58 can be 1Sindefthedwat traat waatdligl iarfidxibiee vitteenthbi deedebfaiohisite hhet frace

conduit 13 N _releas t ecure the .h trac ectiqgn 52 to the
condui t 13.%@@98%@ @%F?ﬁeﬁrggﬁ%dﬁ? & %ﬂﬁﬁf{aofthgoﬁjﬁg@go?gg%%%gr gan B
Ipr O\I:i detb \(/jvl tidflented betwaedly ahtace t@cﬁihiﬁd SFaingtried ebadgjny 1@'\;@1@2 rble@sed to
ocki ng edges 58 ,as, shqown, ereLn e conductors 64 exten

out war dl y f?%r%gﬁog?%}gra&ﬁﬁ% %H’ %‘@.C‘}Pﬂégié- conductors 64 are
configured for CoOPEFti AB fLiAh&r MR, 5Bk & conalictsRoBA)ark Hrovided within
provi di ng heat al ong the heat trace section 52. The conductors 64 are

al so adapt ¥8, "e& ek crREERN 57, grefatadly alngi thepkicking edees 6fnatshown.
to an adj acgRbreliPiMe conductors 84 extend outwardly from opposite ends 66 and 68. The

20  conductors 64 are configured for connection to a power source (not shown) for
providing heat along the heat trace section 2. The conductors 64 are also
adapted, as described in greater detail below, for connection to an adjacent heat
trace section 52 or to an adjacent connector 54. Although not illustrated in
Figures 5 through 8, it should be understood that the heat trace section 52

25 comprises the semiconductive polymer material, a dielectric or insulator material
surrounding the semiconductive polymer material, and may also comprise
oplional materials for a ground plane and an oufer jacket as previously
described. These separate materials are not illustrated with the heat trace
section 52 for purposes of clarity.

30 [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 to length, according

10



trace section 52 or to an adjacent connector 54. Although not
illustrated in Figures 5 through 8, it should be understood that the
heat tracewdemti/anses2 25 conpri ses the sem conductive pptyoBIN06/031232
material, a dielectric or insulator material surrounding the

sem conducti ve poI ymer material, and may al so conprise optional

materials for ground pl ane and an outer jacket asggr evi ously
descri bed. ?‘h@s‘ée%@ﬁ dPRYY teareepaiicylan paCst of pordl ecPrmetrablrm@ehwt

trace sect *tr‘é'&e%%c’ﬁ&fs QE'ra‘PQ;ﬁéw%d & @fahaé(rd §9%4 QRZ %r&g&@% d&e@a{stet 5fehair

sections 52 are re erab formed I1n sizes
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trace secti Qns ?Sé prow in st [ggﬁard si zes and |l engths for ease

repair rﬁéﬁe eﬁl'%e%s' gafed 10 PstNHuE YRRy t he
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t eachi ngs of iquies Sr 8@t tHPsranpeaios F4alsi piovidedspiexinediat &lfv@ﬁy‘f onewf the
cost heal er oBYsliRbhdRs! & 68k !Ho HAPHALS Boflof 3AUY Lo ﬁttﬁg‘he[a%%@%

Referring now to Figures 9 throug C I'n conjunction
and 6, flhe Sedliecidio 84 adiposnbheatdhoersectionte ketwbemst aomsmafﬂttm@'/’o of

hoat trace 15 Sl 101 pRERkabl. 18 (B0 Phen & IrREf e e tine
or across atta httihggjoﬁ?sefof |ﬂﬁaflaﬁmmc$ remﬁah e][mﬁlﬁltlol?aleyf arabling ctb\fw 72 is
connector 54 is ned tg the s e o i he t

naral | ati R laiovar oAU proxa S ERy bopas s formed to
provi ded tOtt@M@‘pdéth@ﬂﬂmgptor 54 proximate the fitting, which is
alsofornedto hape of the fitting. 1 0081] The heat trace
section82 and tEpé’séznng-gﬁd?‘e%imﬁéﬁqqgorﬂr@?ﬂf@[tl’ﬁe‘é‘?‘ﬁ’teé’éort%’r defingvedng
527800t ho_ranes toaNytoP ANAACERHoaRRKRRA JioehbRemert bREfR Y bt
connect or 5&rapg sucEon ded andt eacpiactast 54 or inethym rltlistrgtive covexlilent dhe

(oeT VL0, SAERIYEOR R Wi Podk 8 YRLARIIG Beddis S By Sheqypg
heat er, as tescondmtbrsrbdgrweiitie areeymcdlly in the form of pins, or exposed wires a
20  result of stripping, in a heat frace type heater, as described in greater detail
below. |
[0082] The connector 54 may comprise one of a piurality of forms for
electrical connection and heat transfer in accordance with the teachings of the
present disclosure. In a first form shown in Figure 11a, the connector 54
25 comprises an insulative material and includes electrical connector elemenis 74
disposed within the grooves 58. The electrical connector elements 74 are
generally in the form of a socket and are adapied 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
30 necessary., Aliernatively, the electrical connector elements 74 may comprise a
sgueeze 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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bel ow. [0082] The connector 54 nmay conprise one of a plurality of
forms for electrical connection and heat transfer in accordance with

t he teachi@g§g{9f01(gsla§ present disclosure. In a first Q5000125
tf I al

Figure 1l1la, e connector 54 25 conprises an insulative material and
i ncludes electrical connector elenments 74 disposed within the
grooves 58. The electrical connector elenents 74 are generally in
the form ofcogesegkrtusing tar eomdeiptiesl domdueines V@t ttheugbntheit eusoeadings

shown. The el ectrical connector el enents 74 be si . .
i nt er f er enc@AtEfials, 80 dNSERIG EERYRr! nﬂgorl'%cﬁ%%Bo@meﬁﬁ‘%gfng{)'ﬁ%%étbé?"g
64 as 30 NeRASAAN Y Aribk&hpRly “al¥ezd benmdest 9 BabtratednecUn, Bhemens
74 may conprise a squeeze connector, which is al so known

i nsul at i on AB&HRESearhE Wide PRIt iGhFUEBrRREEEEIors %Fom?f&%ilgaa&ﬁ“ab‘e
el ectrigal f%}%?%%%ﬁerw?%ohﬁzeg%ﬁﬁa@ nék f!lb%tgiétehetr%iﬂa A0 2SR 1858 vity.

PCT/ US2006/ cover or housing to contac e conductors 64
t hr ough t heiacosdinglpuihdhogid heatrddralosd thatga varigly i fledidearsosnpalors may

sem conduct i ve | yner , mat eri al ai i l.ar
squeeze corﬂ‘?e@f’ﬁ)foﬁééj WP!'%?WS{%&@W% %.[e E’g?%ég?)tf el\tgé %rﬁ?%glfﬁg@g@%hé”a
wi de vari etghoofd &!g@hd b@onm;:mlslmae mmmd hcdca:lnleytiméjelt\a@a‘ere tBe f eloetyical
numer ous sources and are not i trate ecein far es .
D ovt by Rseopsionglayients Tainstasy e canGerr Bk kel AP Ry et tine
el ectrigal BONASE NS HEBMpIBRaE P bR doWhroleler @lpBtiBaINgoMiInY actde the
scope of the present disclosure. It should also be understood that.
el ectrical ONABENi oh BBINGeeh aAHehe Aceleckignl UMEEERy 2RYEaREIRSs Wiyle

across the r%g{,%ﬁﬁ%%thﬁﬂhe%oﬁ)@giﬁ%ﬁg%ﬁdqé%sg?éhed line 10 75, may

al so be emp n order to provi ctrical_ continuity across the
connector 54, ugdD8Bla viar & eepond felnedsr sieawn domiwse | b, dpprevaereler 54

while renaini i £ hi S . . P, i ]
' 2 second Pam s Ll “ERRT D W ePEBEREN CUFECRR Bmen ilas,
an i nsulst i stepwrmbbsveahneiaido tdrepridesca pre-firmednnet tiaiceedasiient’$ diapesed
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1 . . . .
system 10 is constructed in Sa%g{c)or danC(%divgnC h t he teachi Bga%o%. t he

present di saeCeEiAEeaithedeRehbg g presen fosure as describe
[0084] In a third form as shown in Figure 1ic, the connector 54

20 comprises an insulative material with the pre-formed heat trace section 76 and
not the electrical connector elements 74. In this form, the conductors 64 extend
from the connector 54 as shown and are subsequently aitached 1o another
connector or terminal for electrical connection to a power source inot shown).
Alternately, the connector 54, in each of the forms illustrated herein, may also

25 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.

[0D85] In yet another form, a heat transfer compound such as a
silicone or non-silicone hased paste, or a sheet-type thermal gel, among others,

30 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

12



[0084] In a third formas shown in Figure 11c, the connector 54 20
conprises an insulative material with the pre-forned heat trace
section 76vandio7/tiossst he el ectrical connector el enents 7#cTiuB20041033232
form the conductors 64 extend fromthe connector 54 as shown and
are subsequently attached to anot her connector or termnal for

el ectrical connection to power source (not shown). Alternately,

t he connect emphyedi bptb@@t‘ihafcoﬂ?ﬁ@ﬁﬂbﬁﬂr@ﬂﬂI'[h@@s%‘ﬁhff aee REEHIMS2 IR{MRIPYS OF

25 | ud
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heat er syste 085 t h f t t

Cuch as a SPF i eongecthgl e FRE sAge edll 50 B8 o B0%, Sk, R fates
thermal gel jorasBm@cdid gic saméQ:ainSbéi usgagdomn ae nl@e godaecbr Ehéunct;ons to

connector 54, on one or nore of the exposed surfaces ad’%%gl oé
conduit 13 PBRUBHHRONRAT tFRGS SRGlRRSTR IO aﬂ REAMNJISRL tace Bo@r’d to

under st ood t thBt@hhasrTBESF ERdrRplRYuSefeatides
WO 2007/019?@% /Ug%%%é?@ﬁ%geéd@s | oyed both on the cgnnect or 54

and the heatnayiaciedeehy e %zxamplawper@v@ Beos. GoaPpdtliPReand thediertaalign
whil e remaini gg;ﬂg‘ﬁahﬂe'} Enﬁaa B8 thfddﬂfo?%ﬁ?tfﬁgiu?éé B} Erarl ﬂgéﬁiméeﬁ

shoul d be néY’ Th Aand groove con fguration is
for conmect Iengnéd’te dmabetmameyaecaucbras5ae¢tooma@m@rmemr©$, \Blile mmmg

f eatures t% nnectl n({;%ete a,[[nﬁ e used as long as the
connect or 521‘” e 8582 05 MERESEN FIe"PRME- t race section 52 to an

adj acent heat tr{mfaﬁectn SRoRd aﬂﬁtﬂbé@lota@f thait dﬂuleltﬁetheaﬁaiaceomctmmuwws
across the connectl on. For exanpl e, such features nﬁf’ EL)‘I W er}eéx?{
way of examsiegsrings Bwihe sl smigiipent o hays aaﬁ”r’ﬂqungo RSP race
and/ or secury %cﬁwsﬂ% h&grrﬁ‘éédltfétmé %ha;é’éighé b@ﬁwgdrwoﬁ galuEestcateesint mas
nmechani cal 10 such as el ectromagneti c

ments ma | oyed
f eat ured5 mneatstra@eraecﬁmggz ARp rbfarpftaﬁé skappasdeng As ftpﬁaéls%gfopeﬂy secured
di scl osure. e HcAB&at
section 52 |té Wegé%%dr'“b %]QH‘H ﬂ}‘%ﬁ 9 wB@ h@an@QQlé %ﬁ?%gbhs\?z%égl?ﬂeve
portion 56, ttate bemiont Ba(may sl enresmrlggiamoshanenfqre@mbﬂrtgw@ sviggular

and configurat| QH' pzﬁggghgr % pz%fgfirggeiéﬁ' rEot nERGedey qg%%ﬁlfeaﬁw%t ﬁ?ecﬁe%émra%%

can be of a prop er
conduit 13 aedtidhus2 be aui dicheahtdod mﬂmetheondmdmt 13.aa:ehownamm destriped

heat herein to achieve the purpose of heating the conduit 13. Moreover, multiple
pieces of the heat trace section 52 may be employed around the circumference
of the conduit 13 rather than a single piece as illustrated herein. Such variations
should be understood o be within the teachings and scope of the present
disclosure.

25 [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

30 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

13



trace section 52 may have a rectangul ar shape for receiving a
rectangular conduit. Though it is preferred, it is not necessary to

require t%f)thﬁﬁnﬂ?ﬁt trace section 52 be in direct C%oé@"o%ﬁsf he

conduit 13 as shown and described 20 herein to achi eve the purpose of
heating the conduit 13. Mreover, nultiple pieces of the heat trace
section 52 may be enpl oyed around the circunference of the conduit

13 rat her thanca gohghewp) eari/as td |drusid-akad heat efate Soetbrvanbasi ens
shoul d be understoo%r to be within the teachings and scope of the
present di SEMESHHE > 25 [0088] Referring to Figures 12 and 13, a heat

trace section inopBgLor Hakesiwaitdlive Meﬁmg%ﬂ%@he%fmé‘greoémmo
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trace secti 8608 tydarnesng! 104 tﬂra\:e@wn@n Q@@ﬂumdﬁdh@remomﬁ» nm@@mqa)
facilit :
bower (& hedl® THiBheR e 'Yt tnefriofichiy ofled {citro! ffin SR Ridifel ot

conduct or s 10®aexhewd. dinevangliugdirfal sk ‘[C]ﬁ:’efaoqum thg reodstiriglef thadehlitace
al ong the |ongityudinal .axis eat,.trace.section 1 f.or

ol ectrical oMbt LRe SRS Bafis 18T TR s HeE 1888 FoBket ta b Ese
source (not ﬂ@hbmmam@d olpy td@ﬂa@n@dﬂw:mﬁ gigels t 0Rcautaedly aRatl 6y the
a connectof 54. ‘[l eﬁ? ]ﬁé []Tﬁﬂ ustrative enbogl nent, seven panel s
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their longitudinal sides 104 to forma longitudinal slit 108 as

shown. The | ongi t098Phal Ag| previasiy fiateft dheshede twantﬁen@crbfﬂt%@fhm
trace sect ti
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of Figures 12 15 and 13. It should be understood that any nunmber

conduct ors %'FRIOGHE-
[0091] Referring to Figure 14, a bussing adapter that functions to

20  adapt the multi-conductor embodiment of Figures 12 and 13 to a two-conductor
connector 54 as previously shown is illustrated and generally indicated by
reference numeral 150. As shown, the bussing adapter 150 is preferably in the
form of a ring that is disposed between the heat trace section 100 and the
connecior 54. The bussing adapter 150 is preferably an insulative material and

25 includes a plurality of electrical connector elements 152 (shown dashed) on one
side, preferably in the form of sockets, 1o 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)

80  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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correspondi ng panels 102 nay be enpl oyed according to the size and
heating requirenments of the conduit 13 while remaining within the
scope of t WD prewest disclosure. [0091] Referring to Fegousoidsiyiiz:
bussi ng adapter that functions to 20 adapt the multi-conductor

enbodi ment of Figures 12 and 13 to a two-conductor connector 54 as
previously shown is illustrated and generally indicated by reference
nuneral 150. As dJR6GRA] t Refasing nay addgurs 1B rbeghpr@f ér abtyrdamed with a

formof a ri t Irs i t e ) tion 100 .
and the - conhiigrgfibad etk SPRREratEht G dsiRe 2 Rbat (RS 7D HRn 19 win
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heat trage sgetdraplyBinea db&s erﬂféjﬁréﬂ%n%e@ﬁwg éb%r@l!{%%\‘ BEMA SRR &EontY
includes a pair of conductors 154 that extend fromthe body of the
bussi ng adaptera PsgetRpriey 288 wreeh ohdheaaes rildaha Mieen@rviey engrmd

74 (shown d wof o) i - i na.
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each of the %wiickira@rshon®l) of en@mdmtedehéalrtracs santioh caljurnaioni Nitiopgh baly
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di scl osulCe, undeesiboti rtagiea jplunallty oh cbodudise, Wetiiord tHa@r S trh@nbse @mployed
joints of a conﬁl‘ﬁi t sgst efm 10 IS provi dedé@'fnd i S gener atﬁ,‘l i ndi ca% %d
by ref er enceAFTIFEPAIIC SBRATIGROWR JRAVING REN T e PREINING MEYiTbine AP of the
preferably debbamsdiceeors CARIiicHAAl han gaavwgtha SdridiRtdit Yoo iy ®ary
204 extending from a base portion 202. Each of the arnms 204 havée an

engagi ng endAPOING rtgIREEHCNeang [PatiredeNie Adct GiguiEbBet wderstood that
connecting t@yAg ﬁ%%ﬁﬂﬁh@%hsnﬁ@ﬂr@eﬁ?@ .stpéwn?]%% oﬁglcﬁqg@tarms
heat trace section or junction. Although onl two conductors 2 are
shown at!d he2@hgribehdhamnad 206 asishoshinlheulse beocanstioed taso teiitpawithin the

plurality Ofteﬁ%ﬂ#%%ﬁ& e Sodde d §8F£3ﬂg&|§ﬁp§tﬂ%y be enpl oyed

according to spec power ‘requi r enen e femaining wthin the
scope of the prd6693] di Tlod beat eaceAdictioroaad legn Hehimrpathnaf at khepropriate

g(r)]gd:J;: t SLEUIZ%%“B%B%’ngg%PB%@? t?rﬁlcg{.'tnqu ttg & ?L?ncc,!ﬁ];)hcofht%%t Ec? Jitegysltcrarenn%;[ SI‘:or
example, the heat trace junction 200 can be formed into an elbow shape 210 as
20 shown in Figure 16 for use with an elbow junction of the conduit system 10
(shown in Figure 1). Alternately, the heat trace junction 200 can be formed into a
T-shape 212 as shown in Figure 17 for use with a T-junction (not shown) of the
conduit system 10. As further shown, the conductors 208 may comprise a
variety of configurations as shown in Figures 16 and 17, depending on the need

25  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
30 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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pat hs other than those illustrated herein, e.g. traveling down one or
two arns 15 204 rather than all four as shown, should be construed as

falling wRi .4 teachings and the scope of the presgilusioosoziza
di scl osure\&B[ng@g?qrhe heat trace junction 200 can be formeé Into an
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316 and a | WS BhGRBITY Por ( HE3SREOTFh SSTHERI SEPHT Raddtorincludes a
structure 3@§radpsAdings pair COff E6SRANE3091dPRREIVERIRE M Ao #brdR2 thus

20 providing a mechanical and electrical connection. Preferably, the termination
structures 304 and 308 are made of a nickel material, although other materials
such as copper that provide sulfficient electrical continuity may also be employed
while remaining within the scope of the present disclosure.

[0098] As further shown, the lower engaging portion 320 of the first

25 termination structure 304 includes a pair of extensions 332 from which the pins
326 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

30  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 {race section 302 and the second heat trace section 306 may
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and a correspondi ng | ower engagi ng portion 324. The upper engagi ng
portion 318 of the first termnation structure 304 defines a pin
confi gur at wWereowiiibgs4t he upper engagi ng portion 322 of phRUSECODIBA232
term nation structure 308 defines a 15 socket configuration to
facilitate the engagenent between the upper engaging portions 318
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20 [00100] Although the above-described modular heater assembly 50 has
been illustrated and detailed as having a construction similar to a conventional
heat trace cable, it should be understood that other types of heater construction
besides a heat trace cable construction may also be employed while remaining
within the scope of the present disclosure. A heater type such as a polymer

25  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

30 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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10 receiving holes (not shown) in one formof the present disclosure.
The connector 344 nmay be press-fit, bonded, or welded onto the

conduct or sy, 340, MysspCCOr dance with t echni ques as knownlj tDfu6RE 232
Accordi ngly, (Heu gr(lds of heat trace section 340 and 342 Flaw ng

exposed conductors 346 are closer together than the previously
illustrated enbodi nent, thus inproving the uniformty of heat 15
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Figure 23, an embodi ment of a z-directional heater in accordance

in the teaclﬁ'tﬁ@?’f@)forf‘ﬁéoﬁ?‘@%rﬁ gi 8cPBeR @a’t@lﬂil | ustrated and
generally indi cag@@'@ M§{e8s- ﬁﬁgﬁloﬁﬁnﬁéé’tbr §§§é§25@eéﬁﬂ/ 1’1{3% %}r%aé sheet of

heater 350 conprises a pair of conductors
el ectri cal | ynaigridlegiteauiple wnmtczstsosﬁfma%earr@@mdsmmw@mﬁ% 35:4 | As

el ements 35 1 | 356 osed be

the  foil  olsat e 924 oL BBl el R5b TaniioR pae el B Flovs B the
surround$§ t m@eehacccﬁdlr@sszembéwlc Hpplicatibinr mqunremntsiwaﬁc&r eRdfples multiple
adapted for a ar tru reV| ou described, and with
her addi t§ orfSeRoher POfTULe B Sha3a1 RESHBaiA 61 Toi% ek aRe set of
provi ded by dabk, beaberreanedacioas lzoneth b@th%@@ef '&or@%th%@ﬂ!r@‘the length
requi renents It should be understood that the sha

confi gurati &ﬁﬂ?ﬁ cqrgiiciors gp? apflifgihalemesia 54 @@Deldﬁsté%ﬁ{‘[ﬁm%ﬁ%voﬁﬁ} y and
other shapes and[@g®st! ®éring now to Figure 24, a thermal insulation jacket for a

20 heat-traced conduit, or a heated conduit (not showny), is generally indicated by
reference numeral 400. The thermal insulation jacket 400 preferably defines a
tubular insulation body 402, which has an outer wall 403 and an inner wal] 404
defining a channel 406 for receiving a heated conduit, which may be a heat-
traced conduit as previously described. The inner wall 404 defines a pocket 408

25  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

30 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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el enments, such as those described herein, e.g., tubular shape, a
ground plane elenent, may al so be enployed while remaining within

t he scope ®O1mevpsd@sent 10 di scl osure. Moreover, el eneRCEUSIHM/SBIE?2
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| ength of the conduit. Moreover, the thernma i'nsul ati on
in the confitgbylar ineHintias @@MW%@VI@@W@%% wedlctf%eed yn iposi walbA3Bnés

cont ol |1 ng Teent it ApLIE Toatiater 18 RRE ivglGlar Ao diERR Sy Brmeo
Fi gure 26, dmetthernferrwalbd3a anterrmaed irs alsmnicvhat random configuration along
20  the longitudinal direction of the tubular insulation body 432, Accordingly, the air
pockets 434 reduce heat losses through the thermal insulation jacket 430.
[00108] Referring to Figure 28, still another form of a thermal insulation
jacket for a heated conduit is generaliy indicated by reference numeral 440. The
thermal insulation jacket 440 defines a tubular insulation body 442, which has a
25  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,
30 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 420. The thermal insulation jacket 420 preferably defines a

tubul ar i L a¢4Qskspody 422 defining an outer wall 423, o ARer
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jacket 440 iRe W%E@W‘%‘FB@H the heated conduit. Using the flap 452
to close the | ongigiedl n&eisling AGF BEFBEIdC268dUCHIAGH 1dr?S8f LOmodular

20 heater system is illustrated and generally indicated by reference numeral 500.
Generally, the modular heater system 500 comprises a heat trace assembly 502
and a connector assembly 504. Only one (1) heat trace assembly 502 and one
(1) connector assembly 504 are shown for purposes of clarity, and it should be
understood that the modular heater system 500 can, and often does, include a

25  plurality of either or both heat trace assemblies 502 and connector assemblies
504, d'epending 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. It should be understood

30 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. Accordingiy,‘ these end applications

20



5 the outside environment. Preferably, the flap 452 is also nade of a
thermal insulation material to provide thermal insulation. The flap
452 may bewwmtbe7/abss+an adhesi ve tape, or provided wth agraghesivs:
coating, or alternately may be Velcro(r) or a flap that includes
nmechani cal snaps, anong other securing techniques, such that the
flap 452 is secured to the other one of the longitudinal 10 edges
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now to Figures 29-31, another form nmodul ar ater system
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Ceneral |y, thgopodul ar heater system 500 conprises a heat trace
assenbly 502 and a connector assenbly 504. Only one (1) heat trace
assenbl y10502 and [BAE11]( 1hlealincefssemblydifil y 504 are shown for

P or oy st em 000ULIA" Sag ehBRR th i dGes RO RNE 80t Ret hafe ERSGHAY so2
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descrlbe and, sho in Figures . It should be understood

that t he nodifeRichisearag @FBW%@O%W%@%@@CP@@CBW ﬁdﬂear@ue@eewlat[on
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illustrated and described hereln nere exe ccorglng
t hese end apisineaiqnsngetweenwbe2beat/ U&%@ﬂcmﬁwm@mmEﬁ%enamnnector

herei naf t er ds%feﬁ{b@?%ohoaéspre%%g tlliﬁ%tgaﬁggs or bgeéwéﬁi %gg#gﬁ%q,en §trace

system 500. The connector’ as
cont acti ng aedlioredliongpd a power source (not shown) Accordmgly, lead wires 516

20  (which are illustrated only partially and as straight segments for purposes of
clarity) exit the terminating members 514 to create these adjacent electrical
connections.

[00113] Referring to Figures 34-36, the heat trace section 510 is
llustrated and now described in greater detail. As shown, the heat trace section

25 510 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
pre\/iously iNlustrated and described in Figures 5 and 6. The inner surface 524 is

30  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 18, The curved portion 520 preferably surrounds at least half of the
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for exanple, a joint, connector, or other conponent of the target
system Additionally, the connector assenbly 504 secures adjacent

heat traceyg,asagip]ies 502 to each other and accomdq{&%émgﬂmﬁn
e

joints, connectors, or other conponents of the target system T
connector assenbly al so provides both heat to the conponents of the
target system and insulation fromheat |oss to the outside

envi r onment gnéongeotivésicd omitibiconguit 48 tdgsovidd etbre unfoeatheat trehsfet and
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connect itgns (FifQRLIBhniRe eihbl Mttt tracE sastiRs S 3@ preftBab9arafobAER in sizes
section 510 is illustrated and now described in greatéer detail. As

shown, the KEHESRYKHY decdiifeignt 3ies)or déﬁiﬁ%ﬁ?%iﬁ)héﬁ@?g%fté@’ skapalearige
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PCT/ US2006/ 031232 . ] . . .
system according to the teachings of the present disclosure facilitates a relatively
low cost heater system that is easily adapted to, for example, a conduit system.
20 [00115] As further shown, the heat irace section 510 preferably
comprises a semiconductive polymer core 530 surrounded by a dieleciric cover
532. Although not illustrated, the heat trace section 510 may also comprise
optional materials for a ground plane and an outer cover, among other functional
materials, as previously described.
25 [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
30 544 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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entire outer surface of the conduit 13 to provide nore uniform heat
transfer and to allow for self-locking of the heat trace section 510
around t hew@onduhipsei3 by the | ocking edges 522. The | opki/ogpoedges?
522 function as the previously illustrated and described | ocking
edges 58 (Figures 7 and 8) and are therefore 5 not described in
further detail hereinafter. Additionally, the heat trace section 510
al so conpri spessagavays 6i8 Baddadnxtaian, inlvedhrmh wh @i asnshasvit, lseich that heat
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present th schasene disatidurd.at Bsr axampiat iasebljowh dw Eigste IBSataglay sherg4o’
that is easi adapted to, for exanple, .a condquit system 20 [0011
Ao Turther sIORAN B Hhaieyr e BraaBYRbIS SHONP ot cPUBNG cefi AeEst ghe
sem conduct i ¥eeRR| site BILoPER iAMDY 12, HselRetih fascaysiays 548
532. Although not illustrated, the heat trace section 510 may al so

conprise optahare i BIRrared eeal Homraslarenp PaRaGATRYENS Bt SfoTeeNRsr other
anmong ot her ﬁé’c’%éfri%ﬁ onf{@ﬁlg@fﬁin@'sﬁch%@ S IHUSIY rdefel dBsdscdRnal shape,

[00116] Advaht ageously, _heat trace section 510 defines a o
pluralityd ofathersthbatordn adelindtothesiingpd4d anabripoi be engldvetmivie emsning

540 as Shomwitﬁmagﬁ)&gﬁggt HLrt a5y 58|’T'tt ggsg?ég%?eﬁéngés#@a% 5a48 may

dielectric cover ocki'ng e preféera
nor mal di r ectii@maiedy bbdiled witwandssdatinghtrateral ssiehfaece 54d), of a palyimide

insulation jacket 512. The fins 540 preferably taper as shown froma
oot secti on SRSt OBt et s ARy e oy RT Bl e nd
between the ghstribetithersih wiilengnidiingihiniBe sospd af inerprbasikeliscickre.
Wien the_heat trace section 510 is assenbled within the insulation_ |,
jacket 532 as shof9H1Rl FRgIRENg Bow taddgures 37 and 38, the insulation jacket 512 is

illustrated and now described in greater detail. As shown, the insulation jacket
512 preferably comprises two {2) segments 550 and 552, which are preferably
symmetrical such that the same segment can be used for the assembled
insulation jacket 512, and as such, the segmenis 550 and 552 are
25 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 exiending longitudinally between an outer wall 556 and an inner
wall 558, which are separated by supports 559. The chambers 554 provide
30 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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22 WD 2007/ 019564 PCT/ US2006/ 031232 passageways 548 provi de
insulation, in the formof air as shown, such that heat |o0ss from

the heat t Aely 510 to the outsi de envi ronnment d
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chanbers 5540igpRNAGEs fomithg aUYehHD 564- tﬁ@cqram@iy@fth%u!ms%@tl%@@het 8l Is
that heat |oggsdEofp ANesieat ahtidkfatively flexible material, such as the semi-rigid

20  polycarbonate as described above, to enable this hinge and snap feature.
[00120] In an alternate form, each of the iwo segments 550 and 552
preferably comprise recessed ouier surfaces 580 proximate the hinges 570 and
572 as shown. The recessed outer surfaces 580 accommodate strips of tape
582, (only one strip of tape 582 is illustrated for purposes of clarity), which
25  provide additional insulation and further secure the two segments 550 and 552
together. Preferably, the tape 582 is non-conduciive and is a material such
polyester or polyimide, by way of example. It should be understood that the
ilustration and description of tape is exemplary only and other securing
members such as Velcro® among others, may also be employed while
30 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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section 510 to the outside environnent during operation is further

reduced. Preferably, the insulation jacket 512 is al so extruded and

conpri ses WaswWpi/oEigi d 23 WO 2007/ 019564 PCT/ US2006/ 0322BPS2006/031232

polymeric material such as pol ycarbonate in one formof the present

di scl osure. AI ternatel y, the insulation jacket 512 may conprise

ot her mat er C}JE‘% t hose set_ forth above in connection with the
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[00119] As Méh’iﬁé% ﬁh%wnﬁhqﬁlg@%ﬁ'@t ér‘Rf‘SBa\F&Hi%b a?é%dvﬁ@éé&%gdgggr%&

and snap feature such that the insulation jacket 512 can
instal | ed o#¢ig@lland renoved fromthe heat trace sectl on 510. Mre

specifically, e ] aﬁg”ﬁf&erﬁﬁ@to Rl é§§9 ERERLC O&g@éﬁaﬁ%sﬁs AR
respectitvel &dagthdtfoemommbtlbortgl ’rhadlewltra;ceaéemngn mm)o(sz&_di aBohthegiasulaifth
a0 572 of EhEe] A2 HLPUhOa] A5 Rbton sk Bk 50 bR B2
segnents 55@r tl@mtéaﬁ&ﬁr@rﬁa ahd@bied 2koad aatkinglisdt il cayiviret fs, thes
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20  an interior portion of the housing body 600 that houses electrical connections as
described in greater detail below. More specifically, and with reference to

Figures 41-43, the end cap 602 comprises resilient arms 804 and 606 that

include locking extensions 608 and 610, respectively, at their end portions as

shown. Correspondingly, the housing body 600 comprises grooves 612 and 614

25  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 804 and 606 progressively

slide along the grooves 612 and 614, the resilient arms 804 and 808 are

deflected outwardly. As the locking extensions 608 and 610 then progress past

30 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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menbers such as Vel cro, anong others, may al so be enployed while 30
remai ning within the scope of the present disclosure. [00121]
Referring N 37, at |east one of the segnents, s as
shown, furt erﬂggﬁgwlses slots 584 formed proximate thegg %%??é%z
24 WD 2007/ 019564 PCT/ US2006/ 031232 586 and 588. These slots 584
accomopdat e features of the termnating nenbers 514 shown in Figures

32 and 33, V\hb@l‘emraeml@@zldaeﬁﬁ@@@@@ ilmst@tepied desteirid as QB the exterior
Referring to Fi an erm nating nmenmber 51477s 5
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by way of exanple. [00123] In one formof the present disclosure,
the terninatibegy r@@ﬁﬁéﬁhGBqu@mﬁﬁ V8l 6347 nndsﬁafagthab@yt%ﬂcreanfdardty feord the

cap 602 that ¢ 8¢ L@{Iﬁg‘n bR @%v:&igﬁébﬁﬂ% Q?%%ﬂoﬁofgr e ORER CEV cq&n@ﬁﬂ@&d

cap 602 is prOV|ded O COVEer' an erlor
t he housi ng Isbdyldé@Ourdesstohd tise she bpatifia smdpecm'rmmmomeftas fladgsc6bbeadd
th reference to

in greater d il re.specifical

Fi gures 41- 4§r2§taﬁecpglﬁgt”8§%/?w o?fﬁrﬁxgg?ll%é?f'& @HF‘ 05?% hge%s ZRd ReGlions
t hgt i ngbudef b@!ﬂ’kﬂl@@cﬁ‘jﬁ gﬁéhﬁﬁﬁs gﬂ&eaﬁﬂi mh OhZ mﬁm@ dg\égdcwc Sltet iehd for
end portions own espondi n t he housi ng bo

corrplrol ses gr8§1fé§°€ﬂm§ﬁtf Eﬂgl %9”%'H%t o4 SORMoBaY der pf%@ﬂl"l’@[ﬁtreﬁ?@#’%‘ng
604 and 606 W,@hg%gpébﬁfﬁegg{eséﬁ dignaaeed by the |ocking extensions
608 and 610. t he end is slid onto

[00125] Referr;ng now to Figures 44-46, and also to Figure 42, the back
side of the housing body 600 comprises interior cavities 630 and 832 and a set

20  of upper apertures 634 and 636, along with a set of lower apertures 638 and
640, to accommodate the electrical connections. Generally, the lead wires 516
extend through the embossment 590, through the upper apertures 634 and 636,
and into the interior cavities 630 and 632. Extension wires 650 and 652 are
connected to the conductors 528 of the heat trace section 510 (not shown) and

25  also extend into 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

30  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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t he housi ng body 600, wherein the resilient arnms 604 and 606
progressively slide along the grooves 612 and 614, the resilient
arns 604 anw® BOB19Ise defl ected outwardly. As the | ocki prgriesitensions
608 and 610 then progress past 30 the grooves 612 and 614, the
resilient arms 604 and 606 deflect back inwardly and the | ocking

ext ensi ons Ggg and 610 e ?a e the face 616 of the housi body 600
to secure th&8°@nEPREK eéog %Of{shg %ousﬁ\@goﬁ@dyeﬁéﬁ‘&w%t@@fg@et pdapted; for
WO 2007/ 0195%05’%9%@%/@@ %%ﬁ?traé@%ééﬂo%rm PHE B8R ?ﬂlﬂ:lf@ﬁﬁy aérfaaae the

illustrated and described as engaging the exterior
body 600, tOBWbﬁWﬁ?@Suﬁ%r@tﬂtﬁj tiradee spetiin 64t aPredei®dl, nthy outer

alternately r d

while remai %?tﬁgé'\%ﬁ hi'n %ﬁ%&i%netdhﬁ%m [éhg dﬁ‘?&%{]?ﬁ@ Q‘FC {ngg tt?e% E{ro %8 a
[ 00124] Addi positiad éygaglm@f@nd agamsﬁﬂﬁ cmarpsmmsm@gbme&?éhtarade&%alon
that are siz ver .cor.res din nner profil ace

bnd 626 of AL HBk KB ERASTEBES HReaBs 1 ARG B Seb in ktERT wieferye
function as @@#ﬁhréiu@ﬂ@btwébrﬁhtﬁ;hé&ﬂtrﬁ@é debRorPBe0ddd tis fBu'f@@lé %vm@ﬂ
514 while alih§?rOV|d|n i mproved aesthetic appearance b

el i minating In$ &0 &f @@?ﬁt liggesRetien aty prechen WS%W@&IﬂltB%§[0ﬁ1@@2d%5
the terninat siﬁtgmﬁremerabétl%e Ifacé Fm% b?&ﬁédterrhfhﬁhﬁé’%bﬂ% r 5@@ 1@(%9% fully

further conprises wal t hat extend rearwar
face 61610 whagseraldled CBﬂ@UOlﬁieTélf@m*@fﬁa@&f&ﬁ wdierstmg,rthtemten exjensiend 660

connecti ons. t

posi tion of ?Jhetf rFPQngggD %%Oé@qj%%%gg%ah% iSth@t@rb?&'x%@?}S?i@?%ggommt
exenpl ary onbgtweandhebhir exteapiensd@td puktheifioas405 of such dielectric
extensions of th 0 no c c_extensions for t her
conponents (e.g. e[oﬁgg.gc Eh% ﬁ?/u% n‘%cﬁ’aﬁoﬁ tﬁgtﬂﬁ F oy HUPURTS ear@%'?ﬁi Hger
wi thin the sextpesiof evneh@m@‘mts ah seli@eWiper poALATR7 Reh@ IdvidtGeBams 674
Flgures t he back side of the housin

4 46 t e 42,
body eoottondhd 828 Thedrbled uiA ericrisimb b a arasodng Iaasesiriags Sge of the
upper apert URSS t@e’ﬁfé aadioP3H10 ab ameww Whlcfh ﬁ@tﬁepgeéﬂ’é@rthéﬂfératt Wa@é s@éf?bn

and 640, to accommpdate the electrical connections. General

| ead wires 538 fexhenigrimegogrmembeedidsstbatpratied mﬁem@gtert%@ @B@eﬁ*so
Bt ensi on wi {og akD on "Gl AURiORE WRGHH IO RS, JRC 15 Cuter
the heat traedensgiens 6605 1Braferablys osvaycuatel upper portion 872 defines a tapering
20  cross section from a thicker portion at the face 616 to a thinner end portion 678
as shown. The thinner end portion 678 thus facilitates easier assembly of the
heat trace section 510 and the terminating member 514. Additionally, the lower
sections 674 and 676 are configured fo engage outer surfaces of the fins 540 as
shown.
25 [00128] Connector Assembly 504

[00128] Referring now to Figures 48-50, the connector assernbly 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
30 lower portion 708 of the sheli 700 as shown. Together, the shelt 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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25 al so extend into the interior cavities 630 and 632. The | ead wres
516 are then preferably connected to the extension wres 650 and 652

with crinp d, 656 as shown. Accordingly, the ele
connect i on@ob%ét[\f\(ggﬂ4the |lead wires 516 and the heat trlgéclghgs:zg‘ﬁ:r PoR

510 are disposed within the cavities 630 and 632, and dlelectrlc
protection is provided by the walls 627 and 628 of the housing 30

body 600. [O0P2ed 3Bef ehesdGinRaeko tehdFy oRIHRS/idS adaRioAd) tRmthafli®Patlod and
Figures 46-47, the front side of the housing hody 600 conprises a

plurality of restcerthelinerafisiug mt%thmomewmgwewnFim/lwswieeh@e@@zstem
660 separat eﬁo@x‘orslhgirﬁfe%ﬁéesﬂ&%so%d‘i{[mﬁé@gnﬁﬁ;@? i® 6943 [%ﬁl%%ﬁfﬁy &hre

p| acement around at trace sectl nor e §pec | Ca
engage the ®Wined aouhddbs Bl roembhes ReAtandr 484 respe¢ides nghich are also

Pr ef er abl t i f i.an 150 sl ghi

draft ang e éﬁg tg@ f§ %)é& E’r c%’%ﬁé‘ﬁgg'@?&%&??'%\?g %S%geﬁ%’ﬁ%gﬁgbr?gmﬁaﬂy’ the
agai nst the opparrisurfaced thddowér tlhﬁ?h@qiroﬂﬁ@@ggs@aai dTer:T@ll%oléEm and
out er extensions tign to vi de tiona el ectr
Separat 1 on pIEednE HEREaio ik % Elridsmions Brillituiren S Siser asSSinbly 504
envi ronnment . {or TgrdveBacetiied. the heat trace section 510 are then
nested within the slots 662 as shown and abut the face 616 of the
termi nati ng nenbet0043Q1 i Ahefdefl unempbers 4z angl &l slsAdiamwise Fo outer wall

f h f
urther f@ci ?2%%?161068 ep%@l'?’%oth%?%e% %éwgé‘é 922'3%P§Eaﬁﬁgtb‘¥p§c@ﬁt%gg?b&

conprise angle 64 as wn to provide nore
bet ween t he 6be eravéiaseriad q:rrsweeoam’@brtahenw!aimmm.re{ﬂw@sim}at Theses to the

housi ng body f r.of i i r X ) 670
that dafi nesodn e SHPEIaReR e BBUgs oh e EREsaB b lRLaRS Sy gne
and 676. Theeypredbi bfeticisheli70ex fBesihetl ntctben Fagesnd 1®! Img@terslsdan®e a
524 of the heat .trace section 510 shown urther secures

neat trace SBLrAIBh S DHE B R Qp AN SR SR bGP TEA Fansits Cariee ot 1o
i nner ext®Nspoiposdd & smsuiafmaptm@!asmboS@psamae afddi {du@ﬁaéaféili@hﬁjé‘fé{mfés
separation siml amgjyz the outer extensions 660. Preferably, th

arcuat e uppefCHIF tese 6@@“ ipra) walls At FRISR 28 SHeYNsaiet ”@ndefﬁcﬂh‘?%m

t hi cker IOOftE%t@*dét&?hér@ﬁ%ﬁ@ﬂ@r?@r@s Q'o'f'@%ﬁtyend portion 678 as
shown. The thinner end portion 6 hus facilitates easier assenbly

of the heat trac0d8tli dddenalyndhe isdel enemnbatsi R merbéd4 Dmprise hinge
Addi tional |'yeighligid 946bnd flexible tabs 732 that engage detents 734 as shown. As such,

20  the upper portion 706 and the lower portion 708 are rotatable about the hinge
elements 730, and the flexible tabs 732 disposed at the end portions of the outer
rims 710 engage the detents 734 disposed at the end portions of the other outer
rims 712 to lock the shell portions 706 and 708 together. Preferably, the outer
rims 710 and 712 are sized to provide a positive engaging force on the outside of

25  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

30 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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sections 674 and 676 are configured to engage outer surfaces of the
fins 540 as shown. 25 [00128] Connector Assenbly 504 [00129] _

Ref erri ng W&WOPHIFsgur es 48-50, the connector assenbly BORUSDOGPBILIZES
a shell 700, which preferably includes a plurality of shell nenbers
702 and 704. The shell nmenbers 702 and 704 are preferably

i nt h eable suc at they are used for both the upper portion
706 of the. SREENSRH0 KA DS EdTisReP s (U Wel 15Porse ShHRIATOTIDE e

shown. Toget bl@gnmérh&nff’cﬁl@bhetﬂﬁ‘{éﬁﬁ{]e?s 7@@an§ﬁ@4?9ﬁa§:f;efﬂ&g,rig‘étg gigpietg‘irlg%rﬂr%l

and 712, respectively, wherein the rins 710 an
pl acenent ovefPARECHeaR t legueetsdentitsjoiBooradmpryad mastheticasdd The shell

2007/ 019564 i L 7

provi de addi %%%%%ﬁéérgﬁﬁ%g danrﬁggﬂ%t'e\}’et %gtqrfaﬁgﬁg%réi]pgﬁfterably
i nto t he Tonmeldddofremnat highert teenpavaiuleamadiedslesucty as ?(rlth@ﬂﬁpfa_etic 7pféymer.
i d | CS.. di.ti I er rim714 a wer ri.m

e O of 2o HRRLES it AR bR ek dPBES dndl aterdRCand idcestifb Miptness
are also 5 adapmderhpioyedjaﬁﬁﬁﬁémamwmﬁﬂ@&m#écdiﬁaéﬁhé%{%eﬂ%@&g}éw&.

502. Simlarly, t per rim 714 and the lower rim provi
addi tional ther mﬂ&%ﬁgﬁfaﬁws%mmq@em@e@lw@q precadstitianag kpmpaeeNts s the

connect i ons wbirddictort A chINNE04 OincRATS P kidingddbatd OhsdMIPYEE, which is best
aesthetics. [00130] The shell nmenbers 702 and /04 also conprise an
outer wal® Sfpwpdd &igHras Gthpdr The fitting heaten asrsmible 758y compssera fitting

separat ed byagipBOrss o Rbat trHRSRMY V58 rltPh BLAYIAS IR N8l rereraply

insulation to reduce heat |1 o0osses to outsirde envi
provi de for & twouehpimke asestpemat Theefiting edeptee X6 rdefine® intdpensigef 80 that

) ] ], d_ 704 i.n. I i I | it
of outer andisin tolivd Mo adiAced MR RESomPPERY ddod taBet Fieimiaot
15 pur poses sﬁov@rr)suhad:tbldmghdiiﬁ‘ale:mﬂﬁ i(g:?. SWE’T@bﬂotrila‘r &@gtz@t@{m; 8h&ge of the
. ) i , ! s and cavities as
Shonn ar b notPaities PPl dtEaTe ACsba Nareiah mam eB cxeamP L aoud
of clarity. ﬁ&%@ddnsﬁ@dﬂ@sqmﬁhg’dthfelté&@p%l@ﬂl‘le preabsy discfégrand 704

conprise hinge elenents_730 an exi ble tabs 732 that engage _
detents 734 as sH8WM34lasTHa dHing aappieie’B2ppiep defines ariegamedmiitengeriphery

lower porti ofso’ REviAG Gré KR AR, BofPO NN rd 188 to accommodate the geometry

of the heat trace section 754 as shown. Preferably, the fitting adapter 752 is a

20  conductive material such as Aluminum, however, other materials may also be

used while remaining within the scope of the present disclosure. Alternately, the

fitting adapter 752 may include slits 768 (shown dashed) to provide for

expansion of the opening 760 and thus more intimate contact with the adjacent
fitting of the target system.

25 [00135] Preferably, the outer casing 756 is provided in symmetrical,

interchangeable pieces as shown. The outer casings 756 include outer walls

770 and inner walls 772 that define conduits 774 therebetween. The conduits

774 provide a passageway for the lead wires (not shown) to connect to the heat

trace section 754. The outer casings 756 also include hinge elements 776 that

30  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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el ements 730, and the flexible tabs 732 di sposed at the end portions
of the outer rins 710 engage the detents 734 disposed at the end

portions ofygd g, plbgr outer rims 712 to lock the shell ;parti L 6
and 708 together. Preferably, the outer rins 710 and 75? @%eﬂfagﬁszlg

to provide a positive engaging force on the outside of 25 the heat
trace assenbly 502. [00132] As further shown, the shell nenbers 704
i ncl ude addi tmemhbér hingé alemengs {73t ukdditionadl, s ddnexiidl7e4 takshd’dtddhathe

engage openi 742 fo t hrough the inner waJ]ls 722 of the shell
nmenbers 702. qﬂ@o?%ﬂ?@ﬁ%ﬁ%ﬁ@ 8% 16 gov:gg@r%}o%}ae {asel Wives g somagct
provi de a norte tisebbaeraRNs@fibhorsdebueeap0trdhiase dlembek ! 7 8BLRe];

- 702 and 704. Additionall t he shell menbgrs 7626 coeg?%e—/ out efdlé\:aflsled

Y. ! .
ext ensi ons 74% @mﬁi‘teé‘ﬁiﬁagfe? S Flrapondierg noiliecxtarsion 7r8 dentions 24 effain
the shel | srerbfdi$orifd (&5t whewn. Accordingly, the outer wall 28 WO
2007/ 019564 PCT/ US2006/ 031232 extensions 746 and the correspondi ng
outer wall recesstd01283 pPievpdier wasings aff@afsenpraidrablyeinshelel stemabiey F50

702 and 704 f i iti th t d
educed 11 ne SierBiEET el BuRSTadd- o B bAGLT™ FreSERBIoS Al irnetpn o
and 704 are peafeeratiogitioantrientttihg@hbater amdeentinlsapeomsrg witeh aicdlan &o.

nol ded froma hig erature material such as a thernoplastic )
pol yner. However W@Eiﬂgﬁla@ % rﬂ?\t&eftog’f‘d%&ﬁ? [PAfeT AR Ee Br #alllestipigd in

processi ng MANEIS3, HRYiapeefR RY&HpWhEd & §QNBEIDIcREnMELIHR Jihs B
of the present discl osurg. 00133 %Msﬂ%osed ins?de t he shelcf 7%§Egrgter

[ :
addi tional cGRAPBARAPS IopaghathesohiRBltBle Adskeasing BBA js shrwmitiirmyreoses of

fitting heat elarggseniBly spaliicay &'k kas; LipfE!
5052 The 1 1y Dl ot spelricay Bk baghgee (SBRIERLE BIIES, 780 thar
752, a heat ®txieed Tkwnd bpss7B31, Ll cAwhinht alle waksiralyy 18@gtdilgtioirsed with the

preferably i )i kLt adapter 752
defines an Oggtneltr‘r%sﬂ?é()? E{%Ih:fﬁélﬂ‘gﬁg%ggﬁgﬂ?%;ﬁéﬁgh&% tt%%a{ﬁgf(%jda%oémns 782 that
f |t tt ihngI gﬁbcmqiwhaema'mré!ytﬂ;ﬂ tt?urs]ge:tsgs‘asesez&x{ a@tshow]botvw?]é fulngtﬁﬁ@hdifvﬂgh%aée
it shou e ersto a e size an pe_.of . openi n

as illustrat ggﬁi# ' é@ggpf%@h %P@??‘F[W%%ﬂﬁ Zﬁg% whighot g %{ﬁt?r%%m%agra“y
not be const farawdasith i buteg daBgSEame A0EolMerbBre 788t (sHbWA| RBHEE) is also

[00134] The Ecigtti nﬁ adalst er 752 al so defines a recessed outer
periphery 7EFMRAVE P griorsiiag Povu/ 8 athictoetingisan intasna) shawldes 787 (shown

acconmodat e Hagnh<aBOMRI 1% tapered end portions 782 engage the bore 784 of an opposing

20 outer casing 756 (not shown), the flexible latches 780 deflect inwardly, towards

each other such that the flexible latches 780 and the tapered end porttions 782

can traverse the length of the bore 784. As the tapered end portions 782 enter

the counterbore 786, the flexible latches 780 deflect back outwardly, and the

transverse faces 783 engage the internal shoulder 787 to secure the outer

25 casings 756 together. To separate the two outer casings 758, the flexible

laiches 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 conneciing

device is exemplary only and thus other connecting devices for the outer casings

30 756 may also be employed while remaining within the scope of the present
invention.
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of the heat trace section 754 as shown. Preferably, the fitting
adapter 752 is a 20 conductive material such as Al um num however,

ot her mat emGalg7/dmaye4al so be wused while remai ni ng w t hi act/ins2saops: of
the present disclosure. Alternately, the fitting adapter 752 may
include slits 768 (shown dashed) to provide for expansion of the

opening 760 and t re intimate contact with the adjacent fitting
of the target sys@bi?gBSﬁF%ﬂ%]”qw etf)e%&’f)'ﬁﬁ ﬁgﬁ@(ﬁﬁderg‘ic%i e Popnpaor

provi ded i n sysewesIy 508 may bRbese PRIVERADNE, Bi @585 886 sﬁﬂ@%nn&ﬁoﬂgiﬁran
casings 756 include outer’ walls 770 and_inner walls 772 that define
condui ts 774cPRwr etdioWedion ahehewndliln  Trppiigwelipadnat paeyayavimyein an
the lead Wrgs t : t S i

The outer casiAge ugars 1RelEEaR? i Rol M SpaRRlin A FReright Yndsttor
cooper at & wi a$sermidy hbdge dlosnetingly,7 30 ofoveheSEheghrovidesbadsitigng adietbctric

. whi ch .50, shown i n.. Ej _ , hi |
776" pr ot or abtg TR LRE VRS A8 kI Eie dp et ak 0 el ARt Epfronmen,
wi t hin hol eswRiBl 4160 gprowiddl) fof 4 hpusheble S2Xa¥® ROAIEAAPS64nd improved

PCT/ US2006/ 031232, nmepber hinge el enents, 730. Additionally, the .
condui ts 7743%%5‘%?@1 SRRy ecl’ﬁaﬁ'&é“ Elgé'ﬁ%"‘n%a’?‘?é‘laéh%ﬁ%‘(ﬂﬁ 80g includes

provi de egregs olifdr walesh2afdWnl igfiet Wak SQQWH%Gefiﬁeogéﬁk?B@@%%bB@t%en for
section 754. Preferably, the hinge elenents 776 are di spose on an

ext ensi ol 779sWgtiahguosapendithe tigieciia ispleiion The cpuercBP®histhes camprises
strain 5 rejd f t | t [

al so prefer :#t[)‘%)sé’?ncgpﬁﬁggséjgﬁg?%gg@ggk&gétﬁ g%\'ﬁ%-ﬁgo\?a#oﬁ tO ﬁ%?r@ﬁ?gorsgf the
faces 782 asshomembEne¥e ot semloé fise 780eif 8OQ tto dine toveradlectrevectarassembly
position, th ii tting heater assenbly 750 properly wthin the shell
700. [00137]"TH an alternate formof the outer casings 756, as

illustrat edhi n l[goﬂ:sg}.lrbsﬁauldmesmréteaﬁ e the eﬁﬁﬁb@%&edomr?ec&tlﬁcaﬁsehmly

connect c t he . two outer asi, 756 tQ each other. (On one

out er _ca1 ngS(%Gaﬁ s‘”‘éﬁ“ﬂ;\?ﬁjf%?d ﬁfﬁ%ﬁ@%ﬁi ri‘)efrem_cI’%lr‘?ct iguraghfar “an dbowtype

speci fi cal | ygorireetie@siitngh Wtﬁ%ﬂs@%ﬁ dnemkPi b%{%rﬁgﬁ§ aﬁ%ofelbflﬁ‘és of the
0 ic

extend froma boss 781, both { are preferably integra
formed with SHECCKIESECERY] $yt 78 Its YREOYS exMBPREnia vdlh¥aryr@epaléiigen the

Fates 783 as a e A e S el R ¥Eh e
an opposi ng #ses$40wesh afigpiaisior plasiearedi | over it @egrattion or a cross-type
20  junction, or even a separate component such as a pump, by way of example, the
size and shape of the connector assembly 540 components would be adjusted
accordingly. Therefore, the specific design of the connector assembly 540 as
illustrated and described herein should not be construed as limiting the scope of

the present disclosure.

25 [00140] In another form of the present invention, the heat ftrace
assemblies 502 are “matched” with the connecior 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

30 for each.

[00141] In vyet 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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formed with the outer casing 756. A counterbore 786 (shown dashed) is
also formed in the opposing boss 785, which defines an internal

shoul der 7 dashed). As the tapered end portio e

t he bore 73%0%1@?@%04pp05| ng 20 outer casing 756 (not Sh%r/@%mﬁﬂﬁ%q
flexible latches 780 deflect inwardly, towards each other such that
the flexible latches 780 and the tapered end portions 782 can
traverse the shelgidmiodrst7oe ol P04/ BAedhse iHéepdvé’é?Q‘égﬁr@d‘anngsb'g (E(L]c%zthe

enter the cou?terbore 786, the flexible |atches

out wardly, ard@é sUiiagadomperiusy theanediyagbealss syatesn 80 erondrdmts.

787 to secur @Jchea Eé#eeﬁve’@um&% %ﬂ@ﬁ ggﬁkf}{

outer casings 756, the flexible m%?ﬁes Oﬂgér !aovggpﬁec ggérﬁnﬁv?g&d%@%e
t hrough the @ddﬁ@)é@b@*%mgisﬁanrrPtllumtmﬁefoﬁtqfemWéoweerﬁasmrﬁyT‘r&iemrewphedhey
i nt er nal homél Wwo outer casings 756 can then be

pul | ed apart Oraéé?%ﬁtggpt?% %ér 'stood that this connecting device is

exenpl ary onl y anfDQM{ZS (gfhmedempn@t%ﬂlw phewhitas isf ml’eréliﬁeex@hipﬁry in nature
casings 30 7 S0 .he y I remai ni.n I n . the scope
of the presef dnﬁéve rf%’ﬁ“%\%'ﬁ%ﬁ??@i @WhP@ﬁtL‘}%ﬁﬁ)W@Bﬁ%ére intended
[00138] Ref etts ibegwitiaw the dcoper®shd dnkRtiand f-Sam Odt@Eth%OéB?fo%ﬁ\Fe olymer
assembl y 5048’??3%%% S0 be I’OVI ded with a cover 800 if the connecP 8

isin an HSeGuPativ Realstratfosgrtions imayabe aceemi-gemrductive niatetal in
shown) , wher eidbraB se¥tieatRRd té]ﬁﬁérawr@%? @ﬁéﬁggw céggudtﬁ/eqﬂ%ﬁqlb?%@neﬂwat

in one side of the connéctor assenb 504 ccor cover
800 provi des HBRFRILEALS Wéﬁ@@ﬁﬁdctm@mblaﬂ@t lmeterlaémmmhmrbugm iangontrol
heat e assemBlstefbl ARy ouhs! HEnellY b RTER k! k8BS Yited with an

provi di ng for a touch-sa ace tenperatu

aest hetics. Aztestalwhelo.g. ngléaniaeylcmfdﬁygme@e drYeantbibdin bhr ¢®peitedtQfe
i ncludes an 0 d Aan i hner 04 that define gaps
806 t her ebet \t/\%ggr? (')%JL%‘O% éﬁ?%? O% § REtSfiea¥EenEent.  Such
i sol ati oh5s Thariationerar80dt taubé h@gard@di@é iaS@sparfuk&xbhl ﬁecéﬁllﬁksarﬁao&dp@%f the
are adapted for placenent over an outer wall 810 of the shell

702 to secur &Y ?HE Ptover 800 to the overall connector assenbl y 504
[00139] It should be understood that the exenplary connector assenbly

15 504 as illustrated and described herein is configured for an
el bowtype
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connection within the target systemand that the geonetry and
features of the connector assenbly 504 and its various conponents
w Il vary depending on the connection enployed within the target
system For exanple, if the connector assenbly 540 were adapted for
pl acenent over a T-junction or a cross-type 20 junction, or even a
separate conmponent such as a punp, by way of exanple, the size and
shape of tWhatienhesddix: assenbly 540 conponents woul d be adj usted
accordingly. Therefore, the specific design of the connector assenbly
540 as illustrated and descri bed herein should not be construed as

limting the scopeat@face iNEBIKeSRLtiMH SEHRAHE e 2ohPRIAD] | n anot her
formof the present invention, the heat trace assenblies 502 are

" mat ched” iR Y@ HBIMREICST rigs seation séepiia be plasehiteved aidwasha portion of
tenperat urgs c@rﬁlﬁlﬁ,sﬁet]a[;b%ﬁne'd%gtrtt REER oM fpiRGE! fical ly, different
quited at the conre

power densities nay be require or assenblies 504
ver sus t her pretaaf buscacdsicassenbl i es 502, and as such, different power

densities are.cont lated 30 for each. [00141 n yet ot her form
Soret 1 oot i CRmETPLERR B el b e e APt hend RoarPge = o
surfaces Sikdtigf clthienti n8idlcairiconatérag Kt(ﬁfou'i_hai%gﬂﬁ@!eﬂﬂcdn@@ctiv%%pol?@)er material;
20117/ 019564 PCT/ US2006/ 1131232 shell menbers 702 and 704 to reduce

t he power ¥€quired and also to reduce the exterior surface

t enper at ur@suRd ifshRLRP e |<@rsuh§@¥d‘ﬂ{gotlﬁ§ §ﬁge?1ﬁqgat&mﬂent s. Such a

reflective surface coating preferabl) ow em ssivity and may
i ncl ude, dRpnaRAEreEcwshipphe heaqiragd sgatianamdfadiaptedfor ooupding ltovheatirssi vi t y

mater i al . apRld:0 o Pojad PrRALe ERQSTLiON process. [00142] The
description of the PAVEntTon i nereély exenplary in nature and,

t hus, var ivdicronshetheat trate sexion depaietcohie@tor thebgi ekl pinstaied towRINt heved
are inten hin the scope of the invention. For exanple,

ded 410.be i
t he condu FF@gmﬁﬁPﬁﬂb%Gmﬁhterial used for the heat trace sections may

be a sem -conductive material in 10 order to self-regulate
tenperature or a non-sem -conductive material such that tenperature
is not redul at ddehprtdpghasspabraceriliap thelnin Atfhgherchmptigihg a pboality of
system Adgiti@alchYmadkRE: Ji i,on t be fitted
with an g&téﬁnaleshgfl, é&gs&?ﬁéy%R%#%@h?é?mgﬁggﬁﬁggﬁg%ELor
geonetry, in order to protect the

sl

3. The heat trace assembly according to claim 1, wherein the heat trace section

defines an elongated body having a channel for receiving a conduit of the conduit system

therein.

4, The heat trace assembly according to claim 3, wherein the heat trace section
further comprises a pair of locking edges extending along a longitudinal axis of the heat

trace section for securing the heat trace section to the conduit.

5. The heat trace assembly according to claim |, wherein the heat trace section

further comprises at least two conductors for the application of electrical power,

6. The heat trace assembly according to claim 1, wherein the heat trace section

further comprises more than two conductors for conduits having a larger size.
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thermal insulation jackets from damage fromthe outside environnent.
Such 15 variations are not to be regarded as a departure fromthe
spirit and scope of the invention. 32 What is clained is: | . A heat
trace assenbly for heating a conduit system conprising: at |east one
prefornmed heat trace section adapted to be placed around at |east a
portion of the conduit; the prefornmed heat trace section conprising:
a pair of bus-conductors; a sem conductive polyner materi al

surroundi ng t he bus-conductors and, functionjng as a heating elenent;
o di o ect i c rTSP%H?aéF"a%WSF%UWHiaFﬁj""E’H%mscéﬁ‘HTbé)ﬁkﬂ‘i‘JE‘i SRPrisBIeArREsing adapter

material; disphgd derweh ele HeRidcabidiBn aA¢ e oSl BlishEe FBR: HhehgCt ric
material; and a connector secured to the heat trace section and

adapt ed f 6PNEEIEH oAl ¢HEcHaat trace section to an adj acent heat
trace section, wherein the heat trace section and the connector can
be quickly installed to and renoved fromthe conduit system 2. The
heat tracé. asséhbhsat secorssémigy ticcocdiag m diginf Umntheerin deRrpiinesiongefines a

plurality pof ref gqrnmed heat. trace sections and a correspondi ng
pIuralitysgweggﬁﬁ@ﬁ%B?%wE@%L?%%Pﬁgé?KWFéﬁ%aBssenbly according to
claim1l1, wherein the heat trace section defines an el ongated body
having a channe|l for receiving a conduit of the conduit system
therein. 4 ThdPhBE UacenseeBrly FONYNGRCHHET hy'hestihgicaiBClofReNBIiHS ehe
heat trace,gpfld H’:Eterit‘lHefntdhgﬁh&?&ﬂbﬁ&@%%e@ttrfﬁgl' dﬁnﬁ’éctdr%&x‘\%gs ﬁgg&ﬁwct]jon to

extending along a longitudinal axis o eat trace section ftor

securing threhehiezace seciivn- section to the conduit. 5. The heat trace
assenbly according to claim1, wherein the heat trace section
further conprises at |east two conductors for the application of

el ectri callopowghe h&u tdbeashanlily bt@eEnQBSPATH Y WACROT the REBclrRaCdoahsvids,
wherein the heat trace section further conprises nore than two
conduct or EFBFSAERHURAL HAVAREPR PATYEE o Fgisczampnpccian e sprigte

assenmbl y agaRE@iNEnd Ruebfeint it §ddkdtRERnLRPr i sing a bussing adapter
di sposed between the heat trace section and the connector to bus the

nore than two

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

the heat trace section and a pre-formed heat trace section formed within the connector.

12, The heat trace assembly according to claim |, wherein the connector comprises an
insulative material and further comprises a pre-formed heat trace section formed within

the connector.

13. The heat trace assembly according to claim 1, wherein the connector further
comprises a heat transfer compound applied to at least one surface of the connector

adjacent a conduit system.

14, The heat trace assembly according to claim 1, wherein the connector further

COiTlpl‘iSES a temperature sensor.



conductors to the connector. 8. The heat trace assenbly according to
claiml, wherein the connector defines a shape that conforns to a
fitting of the conduit system 9. The heat trace assenbly accordi ng
to claiml, wherein the connector conprises an insulative material
and further conprises electrical connector nenbers for connection to
the heat trace section. 10. The heat trace assenbly according to
claim9, whérei iiht hat ehectssdndd) acorhHee ot aimne iheres RE Befelectedodf rom
a group cogs‘hst‘i n]? of sgueeze connectors, ,Céi npﬁ% socket connectors,
and i nt er f FENEETRECS LRI LT eawar anplipd to aFfrastpngsuificgod theseainbl y
accordi ng ti@cededtion ddjacehter @hfuit Bigtegpnnect or conprises an insul ative
mat eri al and further conprises electrical connector nenbers for
connection to the heat trace section and a pre-formed heat trace
section foriged Wi, cg&gﬂ - T - assenbly
accordi ng tlgr'ecl glﬁn&il,qhi&hﬁg%le#n t g?(églﬁ%@%gtaoérb%ggﬁ rslletsn((ag(gﬁ%%?f%sul ative
mat eri al andedstpnchpeiocpeaphiasescaioprdaftol wed phead atonat st lsach pomioh of ted
Wi t hin th(g connect or.. 1%. 'IEh_e heat trace assenbly according to claim
1, wherei n Ve CERRELG BIEIGHEHEFIOLSMIIPYEs a heat transfer conpound
appl i ed toaatirbelastcontigctstr f ace of the connector adjacent a conduit
system 14. The heat trace assenbly according to claim1, wherein the
connect or fSFEREHUCERA Y BRI et s inedhe Bissnductarsas! furgoniigas a
trace assephiivic apeRhdI B ' NEE L) : LON.
further conpri %es aﬁﬁgg% I%C?éﬁ??ﬂggé%glr[rpw@ﬁ# @%Eﬁgwgtlg{%ggglﬁﬁ%%@ﬂ’
surface of 2¥he heat trace section adjacent a conduit system 16. A
nodul ar he : |, h i-ng..a ndui t system conprising: at

| east one %ﬁ@pgﬁﬁr%ﬁﬂﬁéi%%rg{%é@? lfl%ﬂg %“8&"%?%‘3 “‘tlgmﬁéalp?lbrgced around at

| east a poapietimmefl coimectoc endreidtto tiicheapr @tosm@d dieabe forseehlim@nhe heater
conpri si ng; conductors; a sem conductive polymner

i f bus-
mat eri al sfjergg%lﬁ%lcﬁr”ﬁaﬂm}g%ﬁﬁgtSt?BW&lhctorsand functioning as a heating

el ement; awtlirein@ld Rdater FBJ:RR 2ad tHRWoh QKRR LATLE HEci8$ PRI HELIMENRRIY Mer
material; _and an outer insulating jacket surrounding the dielectric

mat eri al : oy the conduit system.

I7. A heat trace assembly for heating a conduit system comprising:

at least one preformed heat trace section adapted to be placed around at least a portion of
the conduit;

a connector secured to the heat trace section and adapted for coupling the heat trace
section to an adjacent heat trace section; and

a thermal insulation jacket disposed around the preformed heat trace section, the thermal
insulation jacket 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,

wherein the heat trace section and the connector can be quickly installed to and removed

from the conduit system.

I8. A heat trace assembly for heating a conduit system comprising:



a prefornmed connector secured to the heater section and adapted for
coupling the heater section to an adjacent heater section, wherein
the heater section and the connector can be quickly installed to and
renoved fromthe conduit system 17. A heat trace assenbly for
heating a conduit system conprising: at |east one prefornmed heat
trace section adapted to be placed around at |east a portion of the
condui t; aadenhectwefosecdlhed i@ seti@nheated roaee| st hicond andasdapied of
for coupllﬂg thf heat trace section to an adjacent heat trace
section “B"{Wer mal i nsul ati on j acket di sposed around the
preformed heaincttbAgRuseed ihemeattthBe sRBEMBNI adaPRl i O i g"%ﬁé‘ﬁéat frace
conprising a body defining an outer wall and an inner wall, the body
conpri si ng*SipbLiaBRdieepdeudass srsgoriadi nner wal | to accormodate a
shape of a : i on and
he connec: g?ﬁﬁc'g rilﬁsﬂlga‘flga {:ﬂycﬁ%bggé@%‘?@ﬁq‘&%@ Ell%f()hl%g'& héa':c ?Igc?e %@t%

condui t sywhegin tttfshe&Atth@aﬂecmmmd tlas®andiyr crambe h&lakllyngslﬂled(bdﬂdlw atemoved
systen1conﬁg]§h$&mdL§ At | east one preforned heat trace section
adapted t aced around at |east a portion of the conduit: a
connect or secured to the heat trace section and adapted for coupling
t he heat t gectlon to an aq|acent heat trace section; and a
thermal in Iat W“t@ﬁ?@?“ﬂP@ﬁ@%é@“%&%&%Hmﬂﬁﬁﬁﬁﬁéﬁﬁphﬁﬁgheat trace

section, wighgiify §hgeReatd ltlé"lﬁﬁ'ﬁ'ce%@&k'n@ﬁdd%% b iBe &9&:!‘%86. rﬁoqngstbitiﬁeat

quickly installed to and renoved fromthe condlii t syste
trace asseffdyit $¥5ienheating a conduit system conprising: a plurality

of preforngd, he ClLi ted 1o be round portiaqns
of the con%ﬂ?%ﬁgﬂﬁﬁﬂﬁﬁaggégfgggg%n ﬁﬁe%%)tgPrﬁvnggq%%ﬁW@%ﬁﬁfgmgmg
secur ed tdﬂhh@dpnebmﬂn@dhheaﬁnmmahan&eaiMﬁﬁ@w&@d@a@ﬁ&@k&dm&@haﬂUmm
coupling tgaugr%% rmed heat trace sections to adjacent prefornmed heat
trace sectron nd a thermal insulation jacket disposed around the

pref or med haitma (RERLSE Rk MFsposedRRIGH Ahd l&}@fbhﬁ@& hdaf 8&& S&fHikons and
t he connectors can be quickly installed to and
wherein the heat trace sections and the connectors can be quickly installed to and

removed from the conduit system.

20. A heat trace assembly for heating a conduit system comprising:

a plurality of preformed heat trace sections adapted to be placed around portions of the

conduit system; and

a corresponding plurality of connectors secured to the preformed heat trace sections and
adapted for coupling the preformed heat trace sections to adjacent preformed heat trace

sections;

wherein the heat trace sections and the connectors can be quickly installed to and

removed from the conduit system.

21. A heat trace assembly for heating a conduit system comprising:

at least one preformed heat trace:section adapted to be placed around at least a portion of

the conduit,



renoved fromthe conduit system 20. A heat trace assenbly for
heating a conduit systemconprising: a plurality of prefornmed heat
trace sections adapted to be placed around portions of the conduit
system and a corresponding plurality of connectors secured to the
prefornmed heat trace sections and adapted for coupling the preforned
heat trace sections to adjacent preforned heat trace sections;

wher ei n t hevhbeat the hea erasegkiionsnaRduldiB IGQAINKIAL QLS @R Ved BomUh€ Kdiduit
installed to and renpoved fromthe conduit system 21. A heat trace
assenbly fo¥'H¥eating a conduit system conprising: at |east one
prefornmed heat trace;section adapted to be placed around at |east a
portion of the conduit, 3 6 wherein the heat trace section can be
quickly installed to and renoved fromthe conduit system 37





