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carried by pipes at desired temperatures or within desired temperature ranges. Most industrial
applications of heat tracing wmvolve unique configurations and heating requirements.
Applications for automated heat trace system design exist. Typically, such applications require
that pipe system data be manually extracted from pipe system design files and entered into the
application. Such manual extraction is error-prone and time-consuming, Moreover, in typical
applications, the consistency of data used for calculating heat loss and selecting heat trace system
components, generating isometric drawings of the heat trace system, and populating the border

information on the drawings can not be easily validated.

[0004] Accordingly, a need therefore exists for improvement in the manufacture of heat
trace cable, and the installation of heat trace systems. The present invention addresses these

needs, among others.

SUMMARY OF THE INVENTION
[0005] The present invention provides a method for installing at least a portion of a heat
trace system for at least a portion of a pipe system that inchudes (1) recajving three dimensional
pipe system data, wherein the pipe system data includes pipe locations in the pipe system, (2)
automatically extracting data associated with one or more pipe system components included the

received pipe system data, (3) determining one or more heat trace system components for the
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[ 0005] The present invention provides a nmethod for installing at | east
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data, wherein the pipe systemdata includes pipe |ocations in the
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[0007] Additionally, the present invention provides a method for determining at least a

portion of a heat trace system for at least a portion of a pipe system that includes (1) receiving
pipe system data, wherein the pipe system data includes data associated with pipe system
components, (2) receiving a selection of a pipe system component, (3) automatically extracting
data associated with a set of one or more pipe system components including the selected pipe
system component from the received pipe system data and, (4) determining one or more heat
trace system components for the set of pipe system components based at least in part on the

extracted data,

[0008] Furthermore, the present invention provides a system for determining at least a
portion of a heat trace system for at least a portion of a pipe system having a processor configured
to (1} rcceive pipe system data, wherein the pipe system data includes data associated with pipe
system components, (2) receive a selection of a pipe system component, (3) automatically extract
data associated with a set of one or more pipe system components including the selected pipe
system component from the received pipe system data and, (4) determine one or more heat trace
system components for the set of pipe system components based at least in part on the extracted
data, and a memory coupled to the processor and configured to provide instructions to the

TOCESSOT.

[0009] Even furthermore, the present invention provides a computer program product
for determining at least a portion of a heat trace system for at least a portion of a pipe system, the
computer program product being embodied in a computer readable medium and comprising
computer instructions for (1) receiving pipe system data, wherein the pipe system data includes
data associated with pipe system components, (2) receiving a selection of a pipe system
component, (3) automatically extracting data associated with a set of one or more pipe system

components including the selected pipe system component from the received pipe system data



portion of a heat trace systemfor at |east a portion of a pipe
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[0018] Figure 7 illustrates an embodiment of a process for generating a heat trace

isometric drawing that depicts the routing of at least 2 portion of the heat trace system.

[0019] Figure 8 illustrates a heat trace isometric drawing.
[0020] Figure 9 illustrates an integrated process of performing the heat trace design.
[0021] Figure 10 illustrates an example of inaccuracies found with centerline

calculations for heat trace cable.



description and the acconpanying drawi ngs. [0012]Figure 1 is a
diagramil]lustrating an enbodi nent of a heat trace desi gn system 100.
[ 0013] Fi guP® B9%45f34St rat es an enbodi ment of a process fRET/FRYIBEHMY a
heat trace systemor part thereof [0014]Figure 3 illustrates an
enbodi ment of a process for configuring a heat trace design system
[0015] Figure 4 illustrates an enbodi nent of a process for receiving a
specification of a pipe segnent. [0016] Figure 5 illustrates exanples
of sonic boundary conditions. [0017]Figure 6 illustrates an

enbodi nent®0®4 a pr oteEs [ Blustess iag ambrylingnt plecslenlations ritefin for heat fagseable
trace systegghs.

[0023] Figure 12 illustrates an embodiment of heat trace cable placement at tee
locations.
[0024] Figurc 13 illustrates an cmbodiment of a Reach Around heat trace cable
placement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0025] The invention can be implemented in numerous ways, including as a process, an
apparatus, a system, a composition of matter, a computer readable medium such as a computer
readable storage medium or a computer network wherein program instructions are sent over
optical or communication links. In this specification, these implementations, or any other form
that the invention may take, may be referred to as techniques. A component, such as a processor
or a memory described as being configured to perform a task, includes both a general component
that is temporarily configured to perform the task at a given time and a specific component that is
manufactured to perform the task. In general, the order of the steps of disclosed processes may

be altered within the scope of the invention.

[0026] A detailed description of one or more embodiments of the invention is provided
below along with accompanying figures that illustrate the principles of the invention. The
invention is described in connection with such embodiments, but the invention is not lmited to
any embodiment. The scope of the invention is limited only by the claims and the invention
encompasses numerous alternatives, modifications and equivalents. Numerous specific details
are set forth in the following description in order to provide a thorough understanding of the
invention. These details are provided for the purposc of e¢xample and the invention may be
practiced according to the claims without some or all of these specific details. For the purpose of
clarity, technical material that is known in the technical fields related to the invention has not

been described in detail so that the invention is not unnecessarily obscured.

[0027] As used herein, a pipe system component refers to any appropriate component of
a pipe system. Examples of pipe system components include pipes, flanges, valves, supports,
mstruments, etc. In some embodiments, a pipe system is modularly designed by assembling

together individually constructible modules. Such a module is referred to herein as a work



[0018] Figure 7 illustrates an enbodi mnent of a process for generating
a heat trace isonetric drawing that depicts the routingP of at least a
portion of YO8 Ma&¥Strace system [0019] Figure 8 il | usthCH{ER003/0pWH;
trace isometric drawing. [0020] Figure 9illustrates an integrated
process of perform ng the heat trace design. [0021] Figure 10

Il lustrates an exanple of inaccuracies found wth centerline

cal cul ations for heat trace cable. 4 [0022] lengths. [0023]

| ocations, [0024] placenent. Figure Il illustrates an enbodi nent of
cal cul at i bRedayy plaiciuze (ARS) klement; Asused-bgsgin 2 heat trace system component refers to

any appropriate component of a heat trace system. Examples of heat trace system components
include heating elements or cables, power connection boxes, splice boxes, tee boxes, end seals,
attachment devices to attach heat trace system components to corresponding pipe system
components, thermostats, controllers, etc. As used herein, a user of a heat trace design system

may comprise a person, process, or application.

[0028] In some embodiments, the heat trace system of a pipe system may comprise one
or more heat trace circuits. Each heat trace circuit is associated with a portion of the pipe system.
In some embodiments, the specification of a heat trace circuit (i.e., the specification of the
portions of a pipe system to be traced by the heat trace circuit) comprises the specification of one
or more pipe segments. As used herein, a pipe segment refers to a (e.g., software) container that
includes data associated with a set of one or more contiguous pipe system components that share
heat loss properties and/or heater selection criteria such as pipe bore and material, insulation type
and thickness, and design temperatures. A pipe segment or container is populated with data
needed for heat trace system design. Examples of such data include pipe length, bore, and
material; the numbers and/or types of heat sinks (e.g., flanges, valves, supports, instruments); etc.
Pipe segments may be hierarchically arranged and/or defined, for example, for each heat trace
circuit. A pipe segment hierarchy indicates how various components are logically connected and

may include a parent pipe segment and one or more child pipe segments.

[0029] Figure 1 is a diagram illustrating an embodiment of a heat trace design system
100. Heat trace design system 100 receives one or more inputs 102 including, for example, data
associated with a pipe system that is at lcast in part desired to be heat traced, configuration
information and/or parameters, selections and/or specifications of portions of the pipe system that
are desired to be heat traced, etc. Heat trace circuit specification module 104 of heat trace design
system 100 receives specifications of heat trace circuits of the pipe system. In some
embodiments, the specification of a heat trace circuit comprises the specifications of one or more
associated pipe segments. In some embodiments, as described in detail below, in response to
receiving a particular pipe segment or container a selection of a pipe system location, data
associated with pipe system components in the vicinity of the sclected pipe system location that
share heat loss characteristics is automatically extracted from available pipe system data and used
to populate the associated pipe segment or container, at least in part eliminating the need for

manual extraction and/or input of such data. Heat trace circuit specification module 104 may be
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is referr@¢iduf NerRbR 208 st@tsWPI9 at which pipe system data and configuration information is
received and an interface for specifying heat trace circuits (e.g., associated pipe segments) is
provided. At 204, specifications of one or more heat trace circuits are received, for example,
through the interface provided at 202. In some embodiments, a specification of a heat trace
circuit comprises specifications of one or more pipe segments that comprise the heat trace circuit.
The pipe segments associated with each heat trace circuit may be hierarchically arranged and/or
defined. At 206, heat loss calculations are performed and heat trace system components are
selected for the hcat trace circuits of 204. At 208, onc or more (isometric) drawings of the heat
trace system or parts thereof are generated, for example, based at least in part on the
specifications of 204 and/or the calculations and/or heat trace system component selections of
206. Process 200 subsequently ends. In some embodiments, one or more of steps 204-208 may
be performed on various increments of the heat trace system being designed so that the design can
be incrementally validated. In many cases, incremental validation rather than validation only at
the end of the design process results in a heat trace system design that better meets desired

specifications.
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7 10031]Figure 3 illustrates an enbodi mrent of a process for
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9 100341l n various enbodi nents, any appropriate boundary conditions
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segnent if heat |oss properties are expected to change beyond a
boundary condition, a user may decided to continue with a e
segnent  of V8 H9¥®&H&nt heat trace circuit beyond a bourfd%rr"%zg%ﬁﬂpﬁ on
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may not be required and/or may be optional. [Q037] Figure 6
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the cal c Lﬁfgﬁﬂ%é%{% é‘é‘PPCqP%’él§ e?%s dt ome sppodipents Mgerst $00 despisdinth gencraiign of a
cal cul at edll bfeateribss tiiegottioh 8 tae BeatiticOsm@ien®aing YesighaD Mheseiiciichs a0t Bl

b ]9 r f[j ﬁre 3f60% Ql%y l)é?’ag&ltohl sgecg{eQMS?é% ’cm%ﬂ%ﬂg QI}I({{OTE) E‘cre%](:esﬁ ?(2}';?'3';( I n:; a% gl%g%leél%gsn cy

sof t war e, Ofﬁ@iﬂéﬁ?ﬁ wayfreaidagp e fhatat lspst hayd congtrainid ngsaigficde Foft COllstralnfS

gener at i Ghay b@raﬁenfqﬂéd' ¥ bk Blteeddab ed. ext-gﬁﬂ pRssithS Uhd 8 chdd oﬁé M&r@-%%yﬁnﬁﬁ'a' gn
and dr awi ngmlgrener at.i on basffbge on. a single milggnce of the pipe and

desi gn d&PEPREONEHRFE SPOF R IRPSARPEREL R L EPPEPE SRt GugRerc)
present meiytbogalvisigd.. AReogh described for a single heat trace circuit or part thereof, process 600

can be similarly employed for a plurality of heat trace circuits or parts thereof whose

specifications are received at 602,

[0038] Figure 7 illustrates an embodiment of a process for generating a heat trace
isometric drawing that depicts the routing of at least a portion of the heat trace system. In some
embodiments, process 700 is employed at 208 of process 200 of Figure 2. Process 700 starts at

702 at which an indication of a selection of an option to generate an isometric drawing for at least



exanpl e, the present technology will inprove the consistency of the
heat trace isonetric drawing. Further, it will be possible to manage
the three WP2AYWWBF*Fhe heat trace design, described herBSTAEBYSES9N a
single step, and with a single instancg,of data. In another aspect,

t he present technology will ensure that changes in source data enter
.the system allowing the affected circuits to be identified and

revi sed. DETERM NI NG TRACI NG PATH LENGTH 10044] Addi ti onal |y, the
present invention includes a nethod for determ ning the |ength of
heating caBpEor fGurestdgesysten isgposiyed nkpr exnpien e ddicaianeh 76F mimekstegsiyed

cabl e basegn QE]JeEth@-E pﬂﬂéuﬁfr H&aﬂ@z@e piadult of £RGt ﬁ‘ace @Qféﬂ)e 'Mt 7o) a4 dsdmethe@hwing
based on cal cul abl

trace design

centerli nlég’ nerat?dgmgffﬁ?%%sa@oﬁg 5 I—Iﬂ\ﬁ%\}ee?lnbo\ﬂlf?ﬁts tﬁ |g8%‘1rat?ﬁieaét78‘f f3te

cabl e i s inflsdetiordetiinfommition swhbsialielaod htahgacpipe, thetbliiboﬂmmwinats pabeheaike

typi cal l ys t@h lo‘?\ﬁ@leg’st BP-{:hQ pgﬁgﬁ BOme nehh flT];c%r m ldgﬂﬂéﬁﬁttﬁ]:a&}a&ﬂg emperature
d at- excesda ¥he

cal cul ated centerline ener al

| engt h us‘ilal‘fgl"ﬂ’ﬁ@’sf?@n“?‘é‘ﬁ ﬁlﬁSeetap NCEL ﬁmboméen&p the dragEggeneratqdean gQdmay not
bet ween thdsoapiice 4 doie eRb&RfentsChaltifle dARthgt ey RGkatMted 3042l | ed | engt h
of the heat trace cable, can be significant, for exanple, up to 10%
particul ai0P3flwhen Figuar Ydiukiaree apieqnbodimeni b/ hase tlace Toinstric @mgfidg. In some
di 11 er enCanodindt {he WhHileVorGh lfdfarca N9 7L LGl 9dPe 1iD5Y A2 RE
(M) cables, Mneral i|nsulate bl &S Cust om manutac

desi gned Jegisterhg lﬁpné?ﬁwalﬁat%wnq%W%a é@ﬂﬁiy@ﬁbqriiqz@lfwﬁ@w to be produced at
an incorr | engt As.a result, .the cepterline based | engths

yi el ded il “oF o RsarRicP i FReT LA B SROS RN eR TRCInSHEF ParPeapdhpat
required trendésign dadds mainamed endidnemphlcilyadlicdodniebbfa henghde, detign gy@ind
the cabl eﬁnsblﬁ)'t &gy éﬂ%g Akt ch Anf cﬁ&l‘lé ?&ifor @'Il&ll# Egpe%t Ios%%m& Qelectmg heat trace
m scal cul ati on and particu arf I nefficrent projTect.
These addvi® ﬁ@nﬂoaertthée@&rlégﬂsavw fraviggehof theokeat frase 9156’“’@1311@0931%&1& they
al | owanc &ordeAfnforROBAWAl the RaAGRE: MawRYEHAGR0 CAukE Shat LIRS IMER sOifice data
centerli nesclé) sdamu hqﬁegst q§n for producing the required heat trace cable
| engt hs, Ras el M4 &ustry standard. As indicated above, use of
this centerllne | engt h techni que has resulted i n many inaccuracies

and there has begmuidaadions ARARKRISERR 16 ﬁ?éﬁﬁtﬂﬂﬁjﬁﬁ@' em In
engt hs

particul ar, use of the centerline base as resulted in heat

trace C&t{h(ﬁﬂ] bei ng RSf&ﬁi’nEQf Flfgd?@-m heA @id o, (ﬁdgn, cfekdblydhd QP iRBrhted HodELeCt
this probl r ov owances, ances

sna t
ip Lo abdbrD 8k e Rl of f HoF gt peihee 6 PR pRetelp o il e
secti ons tefe ddign pofpeyre, tsirhss didceCrle Bodl (2 gropmingle igesirgnepnésentation, e.g
Si gni fi CaplyifX CRARE atHM1iBally AP mﬁﬁﬁﬁ%'ﬂﬁt ﬁ'dQHESetlérﬂ?roﬁ)nﬁ‘? ﬁ)uhl%t?fﬂ%rlﬁgtbeoﬁl

can be significant. For exa ure epr ese

cent er| i rié® Rigg %mha{%ﬁd%fviﬂ?ﬂto*m'n(i“)qu ylings ity the aquder ﬂlﬁw’etatnu icihe ipranetric
actual t Qliﬁhng &ﬁgilbhlzﬁéd Heﬁﬂo@@@ﬁltstdf ﬂﬁ:@)lpte(bbﬂﬁﬁecy fr&ﬂ’the@%ﬂﬁﬁ@' dedgn doR@are.
center I | e cal 1% atrlcg hSoW t? 190 ?/ F af] elgrrg hs 1001,
1002, 1605 WAEF ens St hePhet b8 Tlolg '8 af’(ﬁ br"B‘BF t B¢ §7% faffc es
that i nc Idmi@l @fmmwyloalomg isohetrip dtalvingemgtifcof0Qtiorf off the/etlatd 2@plts

el bows, Glofr the Rsht Wtk ldedsh Skt Ane h}a@ﬁlg%ﬁamﬂfoﬁﬁanobqs?aﬁfd 'mﬁfa{égégaes

in cal cuI ated heat trace cable lengths, resulting. f he “use

cent er | i &' @rgera rtheythese ﬁ@l’% Fratlts 4P dhepsimalipmenys esiaretnd i deavdeaginprgionof
t he pi pebaswd en peingdlé @sthie bitheplpia iesim@ag. | engt hs i ncor porati ng

el bows, tees and reach arounds. As seen in Figures 11-12, the present
i nvent i o0&¥er conesds dromoris Fizowrid a ithreccdmeusivial gAY modet Rpdehie s pihois
cal cul at i, arb@amtmgﬁamg Bre prpQ%JM&&i @aﬁ ﬁle%%qmcﬁﬁr@pﬂegam%b% A pIRAel,

representation | ncl ddes” i nformati on
the heat trace design software, such as the TraceCalc Pro® heat trace design software. This



radi us of curvature and the degree of bend for each el bow. Errors
found in the cal cul ated | engths having el bows depend on the radius of
curvat ure WRPYHEUEgree of bend of the el bow. The centR&IVYSAEOSIOBINNE h
of a given pipe can differ approximtely ten percent (10%, either
shorter or longer, fromthe actual outer arc length (the path that
the tracing cable is actual traced on the outside of the pipe). In
one enbodi nent, using the inported data, an algorithmcal cul ates the
outer arc Iength of the interior of the elbow. This novel approach
conpensat &%bleyny difepigelaiinpsliinioibg formpd kppween the drddvidyalariesampdricetk prysrsd b the he

pi pe wal | c@ﬂﬂl &H%e%@&ﬂﬂ%}[ﬁa{ R& r@:glltpﬁotrilihaﬁf} thd 10l 8RR B?rufﬁng Ei%l direct
S 0 e eC of

conblnlng WO .err there is a cunulgt v%

each errof® agﬁlﬁ iP% Ao (?F"i}w%eaaﬁ%?’isﬁﬁjui’lﬂﬁpeo?‘}’?@f’neélfsrcé’?er {W the &drgyit pilgthe 1y
a subst antalalaleyl laatclmssateeultsallmub@mmdrafvﬁh@&&]tRe;ﬁrearents np heat Iﬁiagumﬁ:ufths a
ni Sﬁﬁ Y deghBeed nggat@mgeﬁsag%igo% thd ;[sﬁ]c%ggrpgs%m( {85tho il A Bl S0P il "
poi nt's (m@momlllms'“»W%1@581%@%13@%@1 ﬂlfapakenlateiﬂ% 10@11@81 ts pad (b r-som:etgmr e

1 1h) anddra@lllg NMag cAléuitaat iRht 184G edd8e the tae:on1a¢&amain@&b@ar@d b the DFdEASENLOT
a given pi ure.

(di amet erﬁsgmm"l grg‘é'ﬁlg’ erflﬁ'eg'gﬁ%vxﬁsui”ﬂ Cﬁ‘glsg’ﬁ?yf?f gﬁa}iﬁ)ﬁt :‘P dﬂ‘% mapRsH 8% nt
an est i mafuedionutt heas urécadsizdi safretrer isbeitny dawingr genoation) awf frasig Hordem

t he upper sdiBgton( t) i PRI pe
o the extorrer of (cRRRE TuCRafl Wbl e Bl iRl bG8l
and cabl ebef3pyp. Smﬁﬁr‘“s@?‘”&ﬁ’ﬁ l’éplpéaf@é\e%gﬂ @Ear on of the path that a cable
t akes vvhefa 4ﬁpl ied. to an el bow.coul d be. cal cul a ed from hasi.c
conponent PH#f or mat i'8FC o ¢H2Y grliBfiecsrEibag 6Hé § PIoRTH oA Ay rmyfor

i ncl ude acxewple.ghe poemtecioldgh evili mperve fhetcreisehdyodilathedt racefoinatric tihaingt he
el bow Con["‘iﬁtﬁérs it 69111t B@p£5kli)§ttoalgil %egﬁ]tc THIICQ%fe Qopﬂlenﬂea%edeg gt? ddcscn#)e({ he

centerli ne of the twp adj acent es connetting to
el bow i nt @F%@Eﬁt"e léﬁcf“lgﬁé’e@eﬁlfiéffl hiotigle iggtance af qlf‘g?celnéﬂ‘)ﬂﬂqﬁéspé‘Ptb@Mr&Eenh
poi nt t hatchhblogovilefduse thad cliafges SERORNE dadinds iR tsyink Qll@nsk thd i@ ERuRY
bei ng equtalb dc]mtﬁggandrwscg di aneter of the el bow nay be used. The
physi cal preferably not installed on the outer arc of the
pi pe, Le. |t |s off set for safety, therefore Figure 11 represents
the effect of the cancepkabkONNG TRA cehk& ol ER@THNNEr bore

dianeter with the actual placenent of the cable on the outside.

éoo49] A][l [eoeﬁm)l e ofAdamlsuﬁa;é tlllef[ﬂﬁ;&lt@ﬁveﬁhoheﬁ:ldd& SRHEWSH fomeFdlﬂmrlae tHedength
rrors fo in eng| n i.n

traditiona waltm ¢ %E ]r%f} f\?/)re?l’f P§ g cénséﬂq]o{‘ B @ cofip. ?‘#f%@geﬂ 8‘?1?%?‘16 efpigedys
the par emathpimsél tC'(@nYcheomkb}p hgit tl*tldqeicw@mf a\pfipicdibss hepie bagdliem the wadsly asiadable
that is netehYRh&ERLE the ?{1365%%@:% PR bhdf hty%]pﬁ h%E Bhce c\%]{: hy *1351&8{;&%%6

pi pe, the vent appears be nmuch | onger It actua

appl i es togsiepf ‘ﬂl%@lge thedeatjtigescatle m)gca”w fallyte l@%ﬁﬂi‘%ﬁffcfc@&%ﬂlﬁaﬂl then

0}‘ t he I’adkuaewtelﬁélﬁleplaﬁﬁﬂtgeﬁﬂrﬂg { 1apmtihe kenRg e Qéngfhhﬁkm-geﬁc Qhrﬁ@hne

el i m nat ttri e _Tees, 050

i gor 623 Shorplf 4 BBk RS R BB Ind T Based BRED ROZ 2 BRI, o
t he act ud¢1181hmfghmhe@¢ trace a@éq;l chrelst dignificeutbfoe e008, betalise p@rftmpdlra’c‘elnmrat

of the NesLi e hRblenAhdinep!
near the bo%ﬁgfg@% iR B MaG e hRaAGHRADLE Tk AREH

seven- t o-&¥ aﬂlaJ&Sk)MmsraldlrHl%%é?blﬁ*e%fpﬁgmea%meﬁl b nissigeed Insieiach
t he out sifsbeorphavan hdhldiketiiend wertpraficddze appinp@rect 1T ] A 2 RBAAC the AbidHg"

occurs atbas%h tl)eql&ﬁis %@He& &bl %@%mils?ru(geedoheaqgg s i1’8ﬁec\{\i@ré s(.:hrc])rtesri tﬁja% rgc];uired length.

Additions to the calculated cable length, to avoid the cables being shorter than required, are prone



the pipe the cable is placed. In a preferred enbodi ment, because on
aver age each el bow will require one reach around, the nunber of

el bows by YOV ¥ r cunference is used to produce a r efGTAp 2808/080916
estimation of |ength. For exanple, multjyplying the nunber of el bows
by 3/16 (the circunference of the pipe) the circunference wll
produce a reliable estimation of this length for that dianmeter of

pi pe. The user may choose to override the count value if an unusual
tracing path ,i%wgaem & If a tee resides on the opposite side of
the pipe % BiFFHifERtPR 58 r?@mmé{%{&* fopiiRisrt ©nisPEPIGE projast 3/Tgese 3ddigions to the
ci rcunf er enadxtedflengiherefareentas PispakidERY owtic €'0dre tndh @0, Habsdon déedae Valbdde
circunference all owances for a | oop, or one 3/8 * the circunference
for a teelWiil). TheUsrdsenterlinnbesnd ilmpthalfbropsdikiog thdecqinine| hesti Bave dafle
var rant edicaghs, aalblch ARAndGa! ki8R0, BARGL Afby bR U tﬁptc@lf:érﬁ& Rhgdh he

tee. 100521T gr esent net hod enabl es one to nore
det er mi nefef! Wél“F Hoetrltest ineagy inapeypasicyjang thife Ragicen %‘h%?!u“io% a‘tarrl%za@ cateshg
a given pthp@fobreﬁh IEJpem&uzgnuhsfe Io@ﬂﬁbeﬂdﬂﬁﬁa@e@ﬂe@fhs hierefiiOC BIRat ABcables

manuf act ug & of, tin ased rocess | udes
the prod u%:etulu“obrllm%efr%gg 5%1}1“ °y lflag?\ng}tlﬁép “of’TRe g‘?’l’ H‘aﬁﬁ?a‘gﬂ&“&é‘bw@“ﬁm& Aer
in a proditovaees, fimeinte mglalms uprio gbaue 7%t tvadirceifsdraciaa dirdeyborngpal O slraighs
conpar ed whddis tohﬁle Qifef inssUd el r@s§1$éa% feCsbsith Bhs@aﬁeaﬂg@&&s Qab'ié r{ap g y2nd

install excess glatl ng trace cable in an_even manner,
referred Y'8%&d 0 bpsgidngsgoraciepiiag bs figgifcaige Fos cxpapie glﬂlﬁrloﬁ r’f?ﬁyorﬁléﬂ‘:‘ﬁ%feﬂ
i N productenering takilagibn bFalin)gitic Bighre 1mrbam1€egng fak adthaV &)kayleﬁgabﬁfhélﬁba&taea

[ ,
all owanceg b a%mt r&%ne%l%h Q?eu\‘ern{l% @a&cu 3tth]|‘1 glow%l it IC% Illmtvp ae sufn og %%18}1&3 I?Odr a

heati ng cabl és"bel n
gi ven | enf0h 199—’510‘@'@“@ the actyed tetalj leharht lncqmqrﬁedetaeé&s'dm gleds, allsivaiwes he

i ncr easedal@GaRGYergh 10884k NGt FRRCHoFARICE od SO BfaicAlE didsicdseduced
occurrence of snaking all owance, efficient installation of heating

cabl es re@6l s. HEAdacdiRAGk NGcAITER] Mat Wé/lﬁh@hﬂ ﬁ@ﬁltﬁhb grod 1k use of

Erez?k??\émglcﬁgﬁﬂg Eeﬂ%tﬁss ﬁlogﬁg %Ilap a ng::%(el ogsisto?l'lré rlgsdrav\? ! f, 2%}&: Spl%le ]iel’paﬁlégl?lr&(e d

to break qypieletw@ngrl@eﬂw em@ratamrlhowstteﬁs Iaad feath avfundat &y feal & Higres 11-12,

manageabl g: WREM: RAGKRE @Fercotits Serl@ﬁeﬂuﬂdompd‘oﬁyénﬁﬁmfrﬁ]@ﬁgcmke@ fYOLK ulating
packages articularly inportant for projects that utilize "nodul ar

constr uctl}ci‘)tH‘I[g)c'i1 thni ques. Modul ar construction techniques are

conmonl y inp 13 construction arts a
pI ant . Or[H ﬁﬂer tyg‘gég ?cgmreﬁ 11% the?ﬂ o cl:'lr%)ﬁ% 12918 1 Ec%ﬂes&%’ﬁg@&% %)ﬁutttﬁcat

i s renpt eadivsofearetee pshhodegteh of Efea(tfor ¢acly elbThi Erroma joupeé indhrwelchlated ngghsor

nmore r easlﬁ{?‘iﬁf cﬁb‘\‘?@déﬁ@ﬂ& a?thg)fétﬁis%(éﬁrvﬁ{lrcaanh il deBle LbABQK dr AL YRS S€

envi ronment a t‘): ft%ons at. (L% site, “space |initations at
the faci IFY§ merpet Rbti&var 1"8‘6h‘§’t t“PPfH’é‘méﬁe]IYdW Pfﬁ‘émT detehicither sheriseor

split i ntionge, Srometheacmd UIhtaSartt kagth &he pab st ﬂaamhﬁdg tadblel iDditivl Gt on the
convenl erl)tuts{dg%ﬁhlh ﬁ%ﬁ)cf)r In grr%)bdc%b%ﬁ%%ﬂ la_lngqpc lml?l 1?(9 (gltat S glg%ﬂ]:n?'gz{lcullatk)é thsc

where they are co cant
encount erd8Hr e lepgihof the m@@hlsqf theettown Thig n@\ﬁbﬂmmqilrmmpelwescf@nlset quoglatien

mat er i al srbRlhf B8 ekndRE Widknfie bNde ﬁﬁmvaﬁ &dttﬁheurﬂz%vfnet%mggﬁhl b th¥ %ﬁérmoléﬂ S
is particul ﬁylfﬁ?’ Iobl ematic for traci nlgaés st.ens_ havi ng

typical i%h FEFICATD Yo REHIeE Ao A b e S Qg eﬁﬁ‘&ﬁ“%aéiﬁaﬂy
mul ti pl e cameliigals othet drror out, resulting in a substantially accurate calculation.
[0048] Referring to Figure 11, a ninety degree (90%) and forty-five degree (45°) elbows
arc shown, in Figures 11a and 11b, respectively. As seen in the figures, three points (1101, 1103,

1105 in Figure 1la and 1106, 1108, 1110 in Figure 11b) and an inner diameter are used to



[ 0054] The present invention includes a process of servicing nodul e
yards with correct units of heat tracing cable by usinaﬁgﬁhierarcﬁy
represent i NG PHE2USt oner' s Work Breakdown Structure (\AE3YUS244§@8091
present invention creates a WBS hierargkhy and delivery of heating
cabl e based on the WBS hierarchy. The WBS hierarchy preferably

i ncl udes "nodes" or WBS el enents. The WBS nodes may include nultiple
entries, for exanple 800 entries, sinplifying an ordering process.

[ 0055] Preferably th S hierarchx includes nultiple |levels, such as
for ex arrpr@fu afeofﬁ? sugipeerqt g SR D'RE L100 flsg shovadh SigPirdat: thepine gizg kdiameter) is
const ruct baed pi dicd@bwimbigidd @urkft idiametat @ rEprewdidar esthatdd A&, sugas Nlidster t
into a nu . ich are further divided into dul es.

hoat tracoiy s RePdtloSe WL B B nlol Gl teherChoth G88on Pty R R e 8
assi gned pige i typstesioppiethe pipd s showa thy effsetrbebiepn chbleel 18§ aisledablg 13U ok y

entered, gQhblcov@RukhdDr @he%ﬁtﬁ@Iﬁ§§cagﬁttﬁces's\bl?eﬁrap;ﬁi@&’to_@tﬂteﬁgﬁt:&ﬁ@&e' chlculated
popul ated, and/or retrieved f data fil es and

.rom the node ] ] i
aut omat i cHPP PP PURRREH g o g Rt ex 1% PEMOBNPTERTIR Hayainclude a
traci ng ceencupdintaf the enefitixt @icbwhy tlk peintreatheteltoeeomteat @nhesfrsttawyadest, pigche

mat eri al s, ar: -he ng .. e O ch.se t, I
associ at e?:lﬁ‘\l';/\lﬁﬁtt ‘ﬁﬁeger @{%é%?ré%e%ftsﬁgﬁﬁ Jd#ﬁ%gﬂp al %@%ﬁnga\(@@%e e rrcg AL %%"ﬁ"’ be
easi |y retersesctidils Eptempoint of thetfece jofthe elbqwias p ppihtherit eohpeglyitethe second

request . Mk ppk endaBddidhsi@ b@iﬂ% BRI t6 8RR e AlanRidY ofl 1RV owl Hayttd §sMBPhe
hi erar chy. enabl ed by, housi, | | data for

Th lutigon. is preferabl , n
AR TS R T T S i e ot er etk O et
nost gr anthérafiorc| Fegned |1 represhntaithe Bifact edanpheellatiab of thé efestad meintcrben @lamctds

such, t ey e ARG Rn R BPADERL I He bR, SYSt M ar e presented as a
hi erarchy, allow ng shipnment of materirals relative to changes in data

Eggg eié trmwlpas: S ¢ f%xﬁﬁplg%@:a_l%ﬁt%%:@gf @%qyklmlqrﬁggus:@ }329U§§<ﬁ§| fckatﬁa .
or _ex e, W Identification of a pipe (by size, |ocgation,
or ot her cé’g:fl@{ggﬁetnéglﬁ InCpIRralEI6ySs ﬁlﬁ "ﬁ&ﬂ%"aI %”“?Eé’ﬁf‘i"fg?téﬂ theflistangg \‘%@H the
nodul e. \iketar tikeeofpihp earko qaiel torthd@p affels vowy etlick dncudsses dinendedi fhhielk ewt )
modul e, [ I dykg ¢l i o.th
Second mauel o> PRaria ek of FEWLEC w8 UeREQRPRLENE SRR, pEmpciToneer
cabl e. [ Ob37] ¥kteby isail higappigeitsH feep megiasi vents Thgereenehrdinteatngpgtrastion efithpe
proj ect s.radded @RS akdgpipdviah (HEBIERIH & thd TRRGSpelcBmbites e RROChtkiButitld & the
manner assures the correct anmount of material is shipped, resulting

intime and material efficiencies. In addition to bei ng presented for
constructpeyy mat er i al mpﬁgﬁ f,.he S or, n i t-hi.n an
account i n[ pﬂ; osgectAl ve. T i’s_ggﬁﬂga\l/?/s n%l\r?gsgg&r@%%rpogﬁ IBttlﬁchlcé%_gdrl\é{llséhsg'fon’t he
proj ect, tBherturhisagiepblifrccblicathig @ble APE heprast efpdacemeng of Be heatiegshicon the) 8
Change ofpijfde alhehri@Cicaghgdatiaisaaoeaent bitRaDd B ERRE Miwi-A Y QRLd- 2
further ac!’cll(g)(:\ﬁsor rsrc%gl?- ?erlrgeh?to’c%fck)?gc%ﬂgga] ?J:atirr]lg %e&blt} xrs%gf!dgg ocrigigl? fhe outside of an

elbow or vent of the pipe.

[0051] A “Reach Around” occurs at elbows and tees and is dependent on which side of
the pipe the cable is placed. In a preferred embodiment, because on average each elbow will
require one reach around, the number of elbows by a given circumference is used to produce a
reliable estimation of length. For example, multiplying the number of elbows by 3/16 * (the
circumference of the pipe) the circumference will produce a reliable estimation of this length for
that diameter of pipe. The user may choose to override the count value if an unusual tracing path

is designed. Ifa tee resides on the opposite side of the pipe from the tracing, additional cable of



In nost heat tracing projects, client nodel and process data
routi ner hange as the project progresses. As one of the generally
| ast steps™ 2O?SHQ-,?‘"%*BnStructl on process, heat tracing of PEI/PZEIYISEY6| s
under pressure to respond to those changes as qui ckly as possi bl e.
The challenges is to efficiently detect client changes, determ ne the
i npact of those changes on existing designs, and to track the change
and its inpact to justi fy additional project charges. [0059] The
present i éeptl on vi des, a process for detecting changes in a heat
tracing prdj et¥ Ff ﬁff?creﬁfﬁ'ge PRt PiRp iy bsrealepaed (tye 1386t ‘e the cheuvefergnce
tracki ng hlh:ﬁ@eces fiandgep, @k /Rt cirtmaetnce aﬂdtdetksty atsglpﬂgelﬁ h@eda,fg@guows
tracing c C tectiop o

?tp![t]ﬁ éﬁcﬂls{oﬁﬁfvg&sagtea of Eicnh%lon lcaﬁ)?qul g %(988}%10}1 gﬂtg(ateasi ng a

changes in eat’ tracing proj ect

conpar i sopesRt hodol agyesdy Hieﬁx@!] leﬁﬁble?&r@h@ ﬁﬁgregpcgﬁjtelyd i rg% ki%tle iy dlga]t

basis of the heat traci ng ect, 1S _provi Ima nu
files, subpfedesignpablpphatis Wa B héiyen WHC%UF? Ene pigniferat adl"@qf?éeeﬁ)th% BoPiNg

a col | ect nginmedfuffeiufe of b estlis lenﬁﬁ Haltd dvedb prdcag) ﬂﬂlu@és%@%ﬁodﬁ‘dﬁ@h\b@s

t hese modgl., neyhsed.an e component s
del et ed o? lfa{e%?%rﬁﬂ{sv\%ég PE I(?rese (g Bvr glélr 13 p&?B‘tﬂ"ﬁ[}%%W Sha™ 0% nat e
ef fi ci ent regdilidnstadled, me gompacpdfwithehe dl&"m;lty dssppivtet edth pivpes o aiispibnennd install

i nspect edexdctys dﬁ&tﬁ@nﬁdﬂg cﬁm@llﬁ GR L QN mRfincA (Qﬁlﬁ]%h]?%%ﬁ%ﬁ Ped t‘ﬁgklng T
conmponent indicates that the fi| een revi se t&s

i,catio
such, thi %“"‘r“ﬁ%ﬁéscliaﬂ?ﬁ adly pRonoynesd;ig productian wps ?flﬁﬁwglcybl%ﬁv@grr@mvalmsmﬂ
r](caw ew of snekieg pllojaees, dshian picat anBatRA trédaea| the iidibﬁlibﬂhfyf @tr he@ﬁﬁgn&blem&hé)d
of wusing revisi.on
[ 0061] Thi Iglglﬁﬁag%ée? aP@E@I?s tIlzg a%qucg &%it(%or ab%wen ern eg ylpg nAégxggeB{ in rﬂfeée or
rej ect i ontdyintagee ‘it élec’@?f?%%laﬁg‘rapheﬂ dmﬁﬂgciaatce G@Um:imém,t andAghet teduced | S
a possi bi dddrentd A bnaing ENdwaREt, éifitient WRGIIIHSE 8 R e i1 & LL:Rlks, and 1S
outdated, this acceptance step reviews the proper i1ncorporation of
t he revi sed file into the heat tracing project. For exanple, a
revi ewer accepts or reHEATTRAUING MATERIARMANWEGERENTVE file. For

exanpl e, process data nmay g rd docunent program
such as an Excel (r) program&liﬁlrggpﬁ%:ggea%ﬁgm%% qut Cor por ati on of

Rednond, [wésshi ngt O'I'n nuﬂjr tu%qmgbaﬁ)le%eEﬁthlaH&pQ?%csdt |06 1%?1%9&“9%@ I%%
one Or nore 1 S regﬁesente b arowin % process ta

sheet. HIAPHS g}%" ‘é.ar%fa?gt negddq Biek @h’ﬂ)‘éﬂ’é"FEfF‘é?t aﬁsaméf@#l?élpn af BateEds i a
ar e i npormadgehllomotkhpaskdaed. eTlné?lneadge3;rdvﬁletﬂﬂa@8@abi€SAogcnpalalaargadmtlﬁﬁﬁula{ye
det ect ed 19196}9111; fo%rch&% ﬁEtO&ﬁﬁé “Hg‘éu@ar ScQEs?%ctfa& 'te?&q)rutese d'ModOlar (éon?i ction

| ar ger C{lject s, whic 0cess
rel at ed ﬁ? pigucs are; “‘rﬁ’é@loﬁlé(yl%’e‘“gﬁ“d‘?ﬁf’e‘ﬂmrorﬂoés’f@lpfp@ of ylsiu‘edml p?Ea@ﬁa plapte or

syst em caithet hpa oﬂﬂ&iﬁfyeﬁ AP lighed hﬂflfobzﬁiﬂu QHat ﬁ'r&ﬁ‘dﬂé Frdm q&ﬁﬁdﬁ%f@hecfa&ﬁry
desi gn prQcess. 00 21] An addi ti or? process data

ste
i mport and the o S e & PR OFEOP-SuCh gy “Pﬁgl%&-sz'. bR fecih? forSerdy erest
changes teaviegingttal mygnditipre a6 yist fniityasied, paceClithitgionsl @t the Eacpitgfedy r Mibdular
enbodi ”EQ'Bmsn{]é’t\Bné dll%\tvsheafﬁcﬁhty Vi g éﬁtqntb g1s%t%%oaﬁésqgaﬁtgg%oﬂswg?cltm 111d1v1dé1a]

change: a Control Tower tree Vi ree Vi
The Cont FBEVeRIERidcaiqne “Fodiip W%t@mplllp@dsi;g/#{ee‘mﬂﬁaﬁ@swm fh¢share hennected

]E)r 0j ect adigdth'éthOQ I’si@ﬂlﬁ"canD@ﬁib@ﬁmeEncbtﬁﬁcdvinel%dulﬁ teonstli@iok 11§ @il dhiphRAES
or a g| V | cts are eter ese nanes are
hi ghl i ght gn rchnQn ma%mtl? ﬁ]eeaﬁgléllp dilepgirg et ﬁoatﬂf'g%me‘ft(%’gglf Pﬂp a L RS RyEelary
affect t m@bbmejlcef@t héap ﬂs@l@watbmwhm tihegpical titechucdiffoaltyofhanewne heat trace

circuit may span multiple modules.



nodel files may be additional requirenents, duplicative requirenents,
or conflicgin reqw rements. For exanple, the pi pe system may be

revi sed but? &M P& si ons have no inpact on the existi n‘&rTﬁ@}%’/ﬂsﬂ’?%’é‘f ng
circuits. This may be categorized as the | owest |evel of inpact. It

i ndi cates that the pipe system needs inspection to determ ne whet her
heat tracing cables need to be added or altered within the project as
a result of changes in the pipe system In a particular exanple, if
pipe is ﬁﬁ@gﬁ adj acent to an existing heat tracing circuit, the
circuit eed t ol IFPTERY SWENEIN insIues agrossts o seryinias madioy4ses Wit ogert de
t he user tudtstofiihsat Ctl’ﬁaﬁm&,blctﬁ‘ye.]sﬁ]gD&]l&mﬁyeﬂ&preﬁmgﬂ&ymﬁ@lrﬁi’gWoklgbieﬂdiovm

such as i T t d|

Desi gner ?g%ﬁjré ﬁw?lsé)d T plie%e%pmg'gon V<t es a ?%ggfﬁ%ﬁ aléAqn%thHW @Wﬁ?f& gable
circuits haagd anehg WB§élte@dChMyTbirWB§§§rau&F areGreblygecludedgnde” {m\MB%slsments
line's deshOWBRAALATEIS IFIAL GubPRNARLSs, 6 Gtk §O(pé%%§|sﬂﬂ)htf}hﬁgt arl drilin@r ©
to be reassessed. To guide the user to the change, the pip€e system
name may B8%ffi:ghlighted, such as in red, and the ci rcwt name al so
may be hi ght ed, S range. The h t pears f.rom
the cir cuﬁ%ﬂ nPrgfur?ﬂ%%ugégrg @5’3r g"mhl J%&Elglt'gp l?vglh 58? gﬁp rexangle FPE g
hi ghl i ght Ordi@alwbarla of ephotlimenip b fregessesstarptiongeiecd nee bakplit hntghlnmgbﬁrs>f

have beenytg rraameq,hi rnm mﬁxﬁ)eﬁéffmtst Shiclk £ @élhédﬁhaéd%@' nlofinleC! Ascl&éhtftﬁacémy
be i nmpact ed ata change.. Wen the nodel data covered

py a
circuit grcE‘Fg?TE]&EFate?rﬁa%l PrSeen é‘oﬂ@P‘Hé?”eBe asizspoietor YHstlomay e Thistis
i npact . Eaehrably et by bRiag ﬂ]hﬂjal‘iﬁselﬂerﬁ’of&l{eeécﬂ%dileﬁﬁb&smata&héet ﬁﬂdpﬁtomancally
conponent | NYodSCIRCAEN.S 865, Ghan it
o T oval | Babaah dpraPRRLG: nonl g MoASRIRONENS Blche SRR e i
circuit aMaeddyRhD Gae deat émﬁm@rculhalplga@eate%mmat tr@bldengnpﬂeftware the

i nformati 1Q£}er(als31|969§t$}ed dtYIRGegnshnAleRy, eSmceQ@&Isc@héﬁkﬁ ass@(gﬁe& \{dthsa ﬁ/IB%Q[eﬁ'gntand
To i ndicate A I S

t he associ at ed. onents are. rel eased

has occurf el erﬁgtﬁﬁ RS BPPC P bRSTRLY SV crtpRmalsHsl EprisLRoT TRpPipR
hi ghl i ghtreghestsMetari@ds canrelsodat. agdibgagedht gint legditin dt%BEﬁ)di&faﬁ:hft r crm tdMion is
circuit riﬂ' g%ﬁabﬁéaeo I%%Em%%\{%%a Cfgl‘apgr%gecttﬂ tg‘l g Idgtgb'ﬂ% anrgli bahitoﬂnﬁ tﬂ]e

hi ghl i ght pears m nane once all
have beeri“?‘@”}?ﬁ\?é@e moarﬁewvl@r leyet, é itag 1 for oRgpjcOT i8] swemend éiveli dpauch, the now

pref er r ednshuRPc@ipohdr® 4 ﬁl&%@&&n b® prRcrtddag s lﬁeﬂﬁch‘}hﬁﬁgﬁlg sHipRE:A 8F mhiCrials

oo ol BT ek Mah L i At oG hsien Dt BB dhsgrecitaiogy
instal | eq %%Pt tra%ﬁ&gmﬁ%/1§t\smmmg&a ih9oel C4 ¥ qbeyg aﬁf%ano%aél'amegg p%%gd

records ce the ef require es inins
t he heat |fPrgspéca6fr Bipe Fidenkifsy tawe‘@v snoriblct ek ﬁlwgwn,eﬁmag@ breamdsingved focsal
proj ect dadod (@Eees) apdul,hereoRangemM adereadi t@hn&ﬁﬂral@eetlﬁ | BedechRf

t t 00 Hi st t t d
ol udes T BTt OB hBte! "el lésaw%ﬁé%?fa ffé"{:ﬁﬁponin?er?Zr
stored i r[ﬂﬂ‘igﬁ dat a%?c?al‘%%ﬁ%ﬁd&ﬁ% V\#?Em‘%]g nl%agic alltcl}?sc op-r&;argc Pryur biZets tlggtgn%nang ng

with the Tnport session rec nane
dat e/ t i mevhgf metgealinepsisrip beAhlpmidl@lﬂvdanaamir@sauees|tlsee@bna¢tolanwpetawfeldatenal is

records Qﬁ‘lbﬁkﬂ rr@ﬁl'tlﬂtgﬁld tﬁx{eearﬁindfa@ﬁile&ﬁabﬂcxcgm Inf ?dm\éﬁdtofgeﬂm %@&nted for
dat abase. Recor he curren state of

: 1/s out an eF %@te rep resep
the proj SRFTUEH m&ﬁﬂﬂﬁbﬂf’%ﬁmgﬂt TP YES A & Presenizd avihinan decopnting PoERssyea
record ofThil dllodte snagmgechei afctie heogrewshet the rpréjévgyandreanagdienteoDmatagale addieen
super sedqgoﬁ;g Qb Nese historical records contain enough
i nformati recreate the state of any circuit that was issued from
the system They also contain the data required to report the scope
of a project, including the total anount of pipe and conmponents, for
any point in history. [0068] A change |og, or sunmary record, may be
used. As the inpacts to the heat



tracing circuit are determned, a summary record is inserted in a
change log _for the project. In addition to the source of the change
and '?he |:T:]ﬁ?fzﬁ)czt‘mmfPﬁJl rlecord al so i ncludes ot her usef ul PQT(%?W“?QJ?G
such as the nane of the user who inportigd the data, the date/tine,
etc. To correlate changes with the subsequent redesign efforts,
summary records nmay al so be inserted into the change | og each tine
that a circuit is revised. [0069]Wth efficient accounting for

changes in the provided p([é‘Oj ect data, installation of the heating
cable is acconplished in apgs of Hegihrgcing Pafa Managemehner . [ 0070] For

exanpl e, g1l Nput er.at ange for uded
in a reviﬂ? (] or Ch'Hle é)%sen?m cntlonhl] ?cr a n%w ar qn'gcatccﬁ 8%6%0 leaéglaﬁ:l%éaéa to
det ect th& mpgdiest teping meoméa@hem aleé;el stytsp@msmfdatﬁ mentipélpehangues thg frdject

heat tracp syt Msbfe mheggﬂeg&ﬁrnggﬁgaps gﬁﬂ@mml&%&@s@theafm&ngofcd%mk&t e

heat trace system vanced ay of Crcuit Data
Tr aci ng [60“7@1%5‘6??'{1'? dh&gspRpd o (ke Fléas’é?f’t as Wh’t ?SOPPSﬁ'PIEJvTIEfe@a“engeS is to
conpr eheneffivientls ralaﬂecyts:hmt clahgagidteinhijie 8 SMpaan&fehos@Ehahéte on Btk dalidngnnef

heat tr acfqu(.lgtﬁ? 1) 1tsfqh1§%c?to 5&9&8! acddllht)nap?ro gC L 1¢1arSt to the tremendous

anount of nmanua to install correct

| engt hs ofpodpgat i ng m@me@am ﬁ:@gltll’)l??ﬂo%‘désoaf réaesshvoﬂ &?ercﬁigl cﬂ%\iggﬂhtah@& thal2§

heating cabl e was _cor manuf act ured and | nst resen

i nvent i onprﬁlreﬁdﬂ?i’@@“@dh Ia’ei‘ct PIIRGE Autectyd chaoges gking Hes cfl%ﬂges@?n@ rlx% Hnpact,

i nst al | at andrinseting o heee Rhcingtdable inaeponsatoahds@haiitanges Wit hin an

on-goi ng project. The present invention ensures that all heat tracing
that is phfeo]of t héJesast'm@f dfangds & the lnjatioting ajdoeie generolpicetrnydishelhiisg 4 S
parti cul afhip. 48R Inleﬂﬁ@(h @pp,&ng,l 6kt TRIBOENS PR lggraassbosf il ﬁlaﬁrmaﬁg ts

or the entire scope of traci hg project ative
ext ent of PrNRitS H’é?sldffb’éﬁ‘ "H%’E?r aydel ﬁ#"écﬁ??lbﬁf i P ?raﬁ' qufG“m&r‘fﬂ‘h cach model

gonm Ssi oﬁiedontz{uﬁ@?ﬂc]o\ladnbﬂaﬁplmombmahﬂs heat ﬂlwmlfgqmjéos e\toﬁ/e§ Resd hodd
esign crite ventiona

val i dat i Oillillgsi arﬁéc v Cfglgan(ﬁg?e componen (?dgd dié{e{gg rsrg%;v %hrggeéeél éﬁﬁ g‘h(ager to
manage t Hecudely and aﬁ‘"icﬁt}IYS%@émVISgi ﬁm,re@dt implortedcpip¢ admpoeen? iy mFvetad 0
the corr e&temﬁlﬁ@aulmkaaﬁﬁ lof & Gk AoRdly- m{%ecb&)ﬂp%énwsﬁwcﬂron%@cﬁc!ateﬁ agt ap @

pl ant . 3 g ng’ E 0si ve asses be present i1n_a region
then car ePyPeQESTsGH f*a P T TIPSO S RSP £ o emERsiE moprereliphlegedevs pl
not igni tiecpiojecththghth eatveniostieat Rirbieppey aictho@ st usgl thd i, nafb I @lebSe
power di stilutl fhsRanel s may be located within a facility. As heat
trace circuits are asslgned to panels, it is difficult to determ ne

the opti rrumpanel a;ﬁslngﬁezﬁa; std gps?éraw ﬁﬁoxb@%'aﬂgc&btﬁ&glo} &Jéﬂﬂn Mueh

heat t I’aCfl cLrcu e nove en a ane

present i HyEHEMgE ‘b‘? %\Vf?i‘g’sw?ll%‘?nef‘thé"sélﬁﬁ lﬁﬁﬁPﬁsﬁg‘Eya‘lhT‘ét‘“F"dﬁ‘?d gfe e agceived
tracing ombdrca awdl ishourdatad, fldcadcéptaned Geparediounthe poper ilteeradmthf etchevised file
Criteri Qo the heat tracing project. For example, a reviewer accepts or rejects each identified
duplicative file. For example, process data may be imported from a word document program,
such as an Excel® program, produced by MicroSoft Corporation of Redmond, Washington,
United States. Each process ling, described by one or more model files, is represented by a row
in the process date shect. Heat trace circuit design temperatures and other process data arc
imported from this file. Changes to these design parameters are detected cach time the process
data sheet is imported. To manage larger projects, which may contain thousands of process lines,
related process lines may be grouped into pipe systems. Each pipe system can then covered by a

collection of circuits during a circuit design process.



[0073] Design and installation of the heat tracing cable is predicated
on the use_of software to provide a color 3D nodel of the plant to
show the d¥Q¥EPcuit information is used. This t ool PGYERMIEA80946

wi ndow whi ch di splays the 3D nodel of tjge plant. Preferably allow ng
the ability to pan, zoom and rotate the nodel. Wth this
functionality, a user may virtually "wal k" through the plant and

i nspect any section of pipe fromany angle. The software tool my
further call-out at utes representing the physical project.
Gircuits qug%] const |T?FE'@‘°E“APFP 8£boﬁlh@e a@gﬁsgﬁa%}nawﬂ@a%thamd%iﬂtﬁ import is
attri but esn iskpectionauf eheafnpg:l’( eat:hange& & esdiing PipV ysteid Smdl Slﬁﬁlﬁs Medy peferred

these att Fﬂllpo"d]:n%ﬁt %%SF Ql dﬁ:ylnvo?veﬁ %{[ dlst %émﬂ ﬁle mt‘q?_a,ctboq'f:ls an% %Blétrozigwed H'\é%‘l’lg‘gs '

For exanple
val ue of Dusd GiFrnit ety rre%sleWI %mfé@ﬂFbTmepmvaW listapige $ys@medmpowithin

Const r uct {1ePsojekadkh tRfciichepssial! t%é@%lﬁbv%s@ﬁlﬁ%@r&ﬁ”aﬁle@ﬁ?ﬁ) fv@rf[ﬁ[% ‘éyétglg As
uni que color 1In r. for Crea a_col or schene

attri but e™PALS HB ‘Eter?lfnégéheé‘? ARG 418 “&ﬁb‘ﬂhﬁég’i gyt cheivper ihige dyaacem  t he

circuits rel at to_the.s CIfIC o] nt.s that t
cover. fbﬁ&ﬁ]el at i ﬁ‘“ "%langai' imo%ff?(: © PRy Q’d&;ﬁr‘ﬁ anhc rlglled?“‘b]flﬁiém "gn“%/"h. n
the 3D rmt*jédcl ofileg hEaYprantiddlttomlbecqgmﬁmmd dapliretiti mguironeatss edre condiibting
col or SChﬁE}[ﬂremIthé SPR kMR, 10 %139 §5%Femt 19ayslﬁ-efe»t1§3§ bR dSisiBs h@l!el noclh Lﬁi’:‘t‘ bi S

at a gl anﬁe and to nove aroun del to inspect reas
of concer H° S¥Hg gt Jfaging . er"rrﬂléd‘i‘%‘itcate%‘?ﬂzﬁﬂ Bnide é‘b‘{eéfrle@& H%H@a?ts It
active at indicdtdsrtimat tHSQipR sgdinDhee8 @R RN MBY:tITRADE aalem&r hea mmclﬁ@ $abRE R4 to
st at es. d| ffi.c e vari
colors in t%ﬁlgédsorgﬂ?fgd 5ﬁllégl§% Ojt{&\?\na el o ot cfla[nlglees “tﬁéheerp’1 ﬁs’tenél félcatpagF?B

st at e frowrbple EpPois addadadieceantg aalemsfwﬂleart tea¢ing eircuiri the citvait gy need talbe k

grey, t hed'x%b&edd@nfébﬂﬁbfé@"thﬂﬂ:wt ﬂ?ﬁs 'T'fp@ﬁ'dettﬂc 00| thig Iaﬁanéép'%eﬁﬁ e%%t&ﬁl name
state. Col or cate functjonality, [gflﬁjr pose,

ma in
type or offel %ﬁg]i‘t?)qaf'é% B beilf"f’strglls ﬂﬂh‘g]ﬁ@ﬁi‘l’l’F%@Bm’s@}%@éﬂ‘ﬂt igher is
system emochel@dt]pReefsenabl y, within this tool, three classes of
data are used to create these color schenes. The first class,
Circuit HPMtess Afn pioghge elgngs gircgitcmag be tipacted by prutees latt chougec Shen a

above. The&Rssambk kl@%ﬁ%ﬁraﬁ’a'at‘:ﬁ‘é’rem‘lﬁiﬂﬁpLu‘c‘ﬁﬁ@é":ﬂ'@ﬁrﬁ thef® RO Io% r&aﬂ%bbed To

progress of ) gnd tP detect areas of concern.

i nformatidy @WS AR i ﬁd’ ange) the pBG wseyfante By pe pighlighisd; S&jﬁ‘ asﬂ‘? Ef'éu?l’ér‘r’é‘-‘nt
const r uctdirowit naredalom bs highlighgd, shelckys @foridges ahp h@ﬁl@n hﬁ@p@arsc:ﬁblﬁ lthe
schene ofLL:s | verall .c show

phase eaCCFl LE:lI 1}%%3{5119&3@3 :h&?ga‘elgﬁé alaf?g@s Fo L @1 u1t thQ edshﬁ;gralfe g& dis pears. Bom grom r?he

i nf or mat |P<H-’r?SYSr“@Pﬁat“’ﬁé’“‘Fﬁf’Héngl’i‘%"ésélafc b%ﬁ‘“@)@ﬁp’r@m cawltat tribute in the
nodel i cate eth r a particular section of pipe requires
tracing. [%Fcol oré ‘rlfﬂ 131 CPEUE PP MBI A el dta ehangs Whegthe model
at t ri but elataTherddfogreirtiditas Ganged) this Dag bg@nﬁd@@l‘zﬁﬂ& lﬁighb@levﬂ@hﬁlﬁlﬁct Each
pref erably, m or t he st f

require trglcﬁ:tlhﬁ a]?szﬁj&ll@ Sel TFQ'%?P fa EPRGOBRT ho mts] ar %rs ]fa‘(YSSOm(?g cnér?“'”l n
pr ogr ess :chyngyd, fhe s is Wahéﬁiacf dU]ﬁICHCUQTE)mqﬁgs es@@uﬁmallomsalbrummt @rgyit and

[0075] A %Qﬁﬁﬂd{ia&' rafifinGh pﬁ@é w6, Uil e Ghibiadatidn (ﬁpﬂgﬂﬂﬁ%e &Eﬁlétérbﬁétaﬁs%ms
circuit % 41@1 ng segnents and each segnent is related
S0 the pithe R OIFBEGHT Dhertisat ety P POt g SRgFn Tl fishibi kes
creat ed eswired,ibut thderchie atmd aglsthe bipt sGtear hagie i ngs haflnghhgnm peh ahaﬂ@es
or at de i i es_lincl

oxanpl 0. -y DR aRlpesr 6 the 166 15 HREAR, AL bt QU Feghlifo temifiome
out door , h&lbsht diggpgcarhEompdie s sEddot eAme Wee alblelairhéhté WBS)bea reme\rm frofhiss e
attri but RfcditiCl ude i nput paraneters to the heat trace design

software. Col or schenes for these attributes provide a powerful
qual ity assurance capability. At a glance, all of the circuits in a



[ 0076] A t hi rd class of data includes Circuit Design Attributes. From
a technical ctu these attributes are very simlar to the Grc

Pr ogr ess Athor% EM(%“S‘ These attributes assist in the des‘ngTﬁUSﬁP%@é%’éﬁ
and provide useful quality assurance ang project summary data. These
attributes include, for exanple without limtation, power
distribution, electrical, heater type, tenperature and control

method. Nimarily these include input parameters to the design
process. r_exanpl e, color is associated with each Power Panel and
all cir cuﬁag'ﬂconnec‘%"bﬁ‘?at“&?mﬂlﬁ’é‘ife“ff&rféep of the RPRFEnIStiR dpckc e Shanggip order to
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[0068] A change log, or summary record, may be used. As the impacts to the heat

tracing circuit are determined, a summary record is inserted in a change log for the project. In
addition to the source of the change and the impact, this record also includes other useful
information, such as the name of the user who imported the data, the date/time, etc. To correlate
changes with the subsequent redesign efforts, summary records may also be inserted into the

change log cach time that a circuit is reviscd.

[0069] With efficient accounting for changes in the provided project data, installation of

the heating cable is accomplished in a relatively error free manner.

[0070] For example, the input of a temperature change for a pipe may be included in a
revised or change scope requirement. This change is analyzed to detect the impact on the heat
trace system of the pipe causing the heat trace system to be redesigned, generally as part of the

complete heat trace systen.



autorratically extracting data associated with one or nore pi pe system

conponent s j ded_in the received pipe systemdata wherein
extracted 9&t3 §090r?’34ﬂdes at |east one boundary condltlonP%Uqu@ﬁmﬁ%at

| oss characteristics change; det¢r mi ni ng one or nore heat
trace system conponents for th portion of the pipe system conponent
based at least in part on the extracted data; and, installing

one or nore of the determ ned heat trace system conponents al ong at
| east a portion of the em The thod of claim 1, wherein
the one or nmore heat tf ‘8‘8 ?ﬁfl’éﬁ"@&‘%‘ﬁﬁ'ﬁ@ﬁﬁa |I§eaéT§”§€'§|f|c heati ng
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claim 3, ereln’t rmning
syst em coffs@pethtisli 1ﬁﬁ|tﬁ§@}&& thétazﬁ out a&th@wom of Heegitrojeqt ézeSebe@abm@Iqt@n dhfs is

?Ihong ?t ba%@o%%ﬁ? lﬁ)lledmom ]fntoj%@h mﬁﬁge?semmé\flﬁﬂﬂﬂler I%S %pmbleﬁkﬁs ls&;ﬁe of the
ereo er CO S
creating léf’a%?’cwgﬂ?“@%ﬁw%%ﬂ’fe & Flﬁc?‘f‘ﬂ“ th"iﬁ???g fd%ﬁ’?‘\?‘é?‘? Z’FIE‘E and

det enni nechnowigioned. nor e heat traci ng system corrponents based on the
hi erarchy. 25 6.The method of claim1, further conprising the step
of recei Viﬂﬁ'@] addi t i\Ghddtion gf albheating circuits to specified design criteria has conventionaily

been extremely time consuming. Validation includes determining whether data used to design
and manage the heat tracing system is correct. In certain environments the correct area
classification must be followed for each region of a plant. For example, if explosive gasses may
be present in a region then careful design rules must be followed to ensure the gasses are not
ignited by high heater sheath temperatures. Further, numerous power distribution panels may be
located within a facility. As heat trace circuits are assigned to panels, it is difficult to determine
the optimum panel assignment for selected heating circuits and which heat tracing circnits should
be moved when a panel is full. The present invention provides for the optimum installation of

heat tracing cable within a facility to account for these and other criteria.

[0073] Design and installation of the heat tracing cable is predicated on the use of
software to provide a color 3D model of the plant to show the desired circuit information is used.
This tool provides a window which displays the 3D model of the plant. Preferably allowing the
ability to pan, zoom and rotatc the model. With this functionality, a user may virtually “walk”
through the plant and inspect any section of pipe from any angle. The software tool may further
call-out attributes representing the physical project. Circuits that constitute part of the design
plan contain many attributes which are of great interest to various users. Many of these attributes
can only be set to one of a discrete list of values. For example, a circuit design progress attribute
can be assigned a value of Design-In-Progress, Issued For Approval, and Issued For Construction.
Each of these values is preferably associated with a unique color in a manner for creating a color

scheme for that attribute. As heat trace circuits are designed in the system, the circuits are related



di mensi onal pipe system data subsequent to recei }/i gg the three

di nensi ona System data, wherein the step o eterm ni ng one or
nore heat %Vrog%}gﬁosy%s/"fem conponents for the portion of t heC p%zgﬁfg(&;tg.{lgm
based at least in part on the extractedodata includes the steps of
detecting changes fromthe originally received three di nensional pipe
system data fromthe received additional three dinmensional pipe
system data, identifying the inpact of the det ect ed changes, and

t Ki det.ect.ed ch d iden a wherein the step
of i st al 14 e PHET HACS PREGAGRRY Fog- HEarratD Sy B abel Brettio
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t he recei ved additi onal ree |nens on
process dH¥RECtamyAtgasof cgncenydo W@tprfé%freéfemmdamf 6)111Y\/9F1@ ,eré¢rrschenv@ i @m ated
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changes. ei n nces between the
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ongi nal pi pdemg%%h”ﬁe ‘c’f’a’togs Cor'ﬁﬁs 1&&‘&2 ?’P%nhf ° Bie W’é“yé Belif B3 Senayeiset one state
i ndi cat edfreithgicolovsshenggrandrall ethereptee wéhieattito sk greyl, thercbi de-pietidning the fmage
claiml, fol—lﬁgtthhg{t tlﬁ@HRﬁéd%*a't‘kg C%r@)?scﬁ&ﬁég nfly bygéeh fahdidg ﬂnlﬁ&%o%ﬁ?éﬁﬂpoiez typg,

criteria of recei ved three di nensional pipe system
net hod of orcqﬂﬁf‘i‘ﬁ“j?utveé’?‘é"‘l%tlﬁﬂ?%t“ﬁcéy%ﬁ”???)ﬁ@@a %“;‘fstem conponents are

det erm neféﬂ%ﬁ' d st Orﬁgeralﬂy, wi rqﬂ)s tocﬂ three cﬁlsses of data are used to create these color

schemes. The first class, Circuit Progress Attributes, is a class of attribute introduced above.
These attributes allow project managers to monitor the progress of a project and to detect areas of
concern.  Status information may include all phases of a project; design, procurement,
construction, and commissioning. Each of these phases has a color scheme of its own and there is
an overall color scheme showing the phase each circuit is in. These color schemes may also show
some information from the model itself. For example, an attribute in the model may indicate
whether a particular section of pipe requires tracing. Two colors may be reserved to show the
state of that attribute. Therefore the Circuit Design Progress color scheme preferably shows a
unique color for the states of (1) does not require tracing; (2) requires tracing but not started; (3)

design in progress; (4) issued for approval; (5) issued for construction.

[0075] A second class of data includes Circuit Segment Attributes. A circuit may be
made up of many segments and cach scgment is related to the pipe components that it covers.
Typically a new segment is created each time the heat loss characteristics of the pipe changes or
at decision points, e.g., Tees. These attributes include, for example, without limitation, area
classification, location (indoor, outdoor, etc), and the work breakdown structure (WBS) element.
These attributes include input parameters to the heat trace design software. Color schemes for
these attributes provide a powerful quality assurance capability. At a glance, all of the circuits in
a project can be validated to ensure that the correct input parameter was selected by the designer.
Considering, the example, where the selected color scheme displays the Area Classification that
was chosen for the segment. If all pipes in a hazardous area are green except one that is magenta
then it will be instantly obvious that a design error was made and it can be corrected immediately.

Likewise a color scheme can be setup to reflect the customers work breakdown structure (WBS).



13. The method of claim1l, wherein the steps of receiving three

dinensiona# i System data, extracting data, and determnin ne or
mor e heat P%%@ﬁgﬁéfen1conponents is performed by a heé#nWFE@BM%mm

circuit specification nmodule, design nadul e and drawi ng nodul e. 14.
The nethod of claim 1, wherein the step of extracting data includes
associ ated design paraneters, properties, and configuration
i nformation. 26 15. The nethod of claim 13, wherein the step of

i ncl udes

determnin ne, or re heat, trace stemc anent s .

si mul t anemUe g BRAT By RO Siong TS ankP At tie DMGPDer R TER B degreche i
15, wher eindictttrethei anulirtcamed YéBYlelbingrt wasdsetbraniforgthgtestematti onhiarBovatsied
on a si NgLBuidahfRGReal 1o RhPRiARL acﬁeﬁat%lsd@ﬁlaaéﬁ\;eﬁtet@ggor tlﬁ&qorpgﬁ&'té' m

1, further qongr|5|ng the step of nmaintainin al storage
nodel as BAYREIBT YIGf superseded design circuits and current designed

,? :, ;ggl tsfls{ﬂé?ﬁ] CIRS Orrnﬂg‘h?g'gglgﬁglcé)f gzlitaa fngu&e’s C%lg{ Sésggntxﬂl‘t]tgbtﬂc%t %{:ori?l ep %gmgglaatspect,
these attributes are very similar to the Circuit Progress Attributes. These attributes assist in the
design process and provide useful quality assurance and project summary data. These attributes
include, for example without limitation, power distribution, electrical, heater type, temperature
and control method. Primarily these include input parameters to the design process. For
example, a color is associated with each Power Panel and all circuits connected to that panel are
given that color. By selecting one panel in the color scheme all other circuits are set to dark grey.
This quickly shows outlying circuits that should be connected to a different panel for design

optimization.

[0077] The present invention ensures that the scope of heat tracing work for a give
project was completed or that all designs adhered to the set specifications. Area classification
check provides a significant tool of the quality process, which together with the easy access to
progress data and optimization of power distribution design, increases the efficiency of installing

heat tracing.

[0078] The foregoing deseription of the invention is exemplary and is not intended to be
limiting. Although the foregoing embodiments have been described in some detail for purposes
of clarity of understanding, the invention is not limited to the details provided. There arec many
alternative ways of implementing the invention. The disclosed embodiments are illustrative and

ntot restrictive.



nodel ed and the nodel ed heat trace system conponents are used to

moni tor i ns{@ dedddseyls of the physical conponents. 19. Thgptdﬁﬁ%@d ol
069/03 (5080916

claim1, wherein the step of determ ning one or nore he

syst em conmponents includes a col or representation of specific
attributes of the heat trace system 20. The nethod of claiml,
further conprising the step of conducting an area classification
check of the installed heat trace system 21. A nethod for

manuf act ur WHgTdSK@aiMEPd%e cabl e, conprising the steps of:
receiving three di nensional pipe systemdata, wherein the pipe system

data includes pipe locations within the pipe system

automati cally exmethed fongstellingatasstogioatond! whed trareaystim fobhtdeddi PPorSHSIIAM
conponent sy;included i n. {ved pipe system data wherein the
extract ed%éﬁgtgt#%‘cﬁnﬁegn%gfes&ggﬁ one boundary condition at which heat
| 0oss char act er ireseiving thedeedimg@nsional pipe systhot datayivhereig thelpipelsgsngh dntofncladdeats

trace cabhg,fgs e iR jIsQ,Lf the pipe system conponents based at
|l east in part on the éxtractéd data; and, manufacturing the heat

trace cable to2tPeatigeiveriiieing datangssoviat@RwitiTivee wemivod pipb sgdten modponents
wher ei n t hignb&Atn hkacRived bl sk§erﬁl " Ghdin 1S E&{u@&n@&j dﬁ?%cﬁideszzgt' lelsrgeone
nmet hod of claim 21, wherein the heat trace cable 1s a polyner
i nsul at edPeuRHdrE condition at which heat loss characteristics change;
determining one or more heat trace system components for the portion of the pipe system
component based at least in part on the extracted data; and,
installing one or more of the determined heat trace system components along at least a

portion of the pipe systen.

2. The method of claim 1, wherein the one or more heat trace system components is a
specific heating cable and further comprising the step of tracing a route along the portion of the
pipe system with the heating cable , wherein the step of installing at least a portion of the
determined heat trace system along at least a portion of the pipe system includes installing the
determined specific heating cable along the determined tracing route on the portion of the pipe

system,

3. The method of claim 1, wherein the step of determining one or more heat trace system

components includes determining a length of heating cable.

4, The method of claim 3, wherein the step of determining one or more heat trace system
components includes calculation of heat trace cable length along at least one elbow, tee, or reach

around, or combination thereof,

5. The method of claim 1, further comprising the step of creating a work breakdown
structure hierarchy and delivering the determined one or more heat tracing system components

based on the hierarchy.



24. The nmethod of claim 21, wherein the determ ned | ength of heat

trace cabl ewgoippsisegses for cunul ative errors that pcpurPéillt.H]'zrags 80916
centerline calculations. 27 25.A nmethod for determning a $ea§({ 4

portion of a heat trace systemfor at |east a portion of a pipe
system conprising the steps of: receiving pipe system dat a,
wherein the pipe systemdata includes data associated with pipe
system conponents; receiving a selection of a pipe syst em conponent ;

automat | cat1 Y oNerABRANSe 812 253REL el e 35 Sl B e
1I‘O r gm t%e r@wensipat] piepwsiey glpie mﬂuaquanfmgrcswmb ttieethex tdingeosiad! piat system data,

i ncl udes afnckpamt stoner &QHﬂiﬁﬁB ¥l QR fe@iraal sﬁé@h&&n@ﬁéﬁm o ﬁl% ¢ pprtion of the

characteristics c determ nin
trace systidi¥ 8?‘?‘}35 glagle?% P Rt ondhn exipctss g @S}%‘ieé ﬂie@m@ﬁ@mwgﬂg@s
at | east iﬁ‘bnp&htougmaltwﬂ:c&veﬁrtﬁ% @ihetbadnal pq&ﬁsys%ﬂﬁdd@ﬁBlﬁdl1eoxfecé§Jea'aHH1géral

further nerati.n

The. ot hodh oy Sapfbab Dy 8 e AR BE o Pt fyeeleg chagpesic necking
boundary élwaiesfpd)ﬁ@nm 2l lti@@ﬁefbm st,ofhetchghswdped imailing peldassheatiermined
CONMPONEeNt Jieat trace system based on the detected changes.

7. The method of claim 6, further comprising the step of inspecting duplicate files.

8. The method of claim 6, wherein the received additional three dimensional pipe system

data includes process data changes.

9. The method of claim 6, wherein the received additional three dimensional pipe system

data includes model data changes,

10. The method of claim 6, wherein differences between the original pipe system data and

additional pipe system data are indicated within one or more representations.

11, The method of claim 1, further comprising the step of validating the design criteria of the

received three dimensional pipe system data.

12. The method of ¢laim 1, wherein multiple heat trace system components are determined

and stored in a common database.

13. The method of claim 1, wherein the steps of receiving three dimensional pipe system
dafa, exiracting data, and determining one or more heat frace system components is performed by

a heat frace circuit specification module, design module and drawing module.

14. The method of claim 1, wherein the step of extracting data includes associated design

parameters, properties, and configuration information.



28. The nethod of claim 27, wherein the boundary conditions conprise
one or nore k bore change, a pipe material chan an

i nsul ati on ﬁﬁ‘g@@%ﬁ end of a gi pel i Ircl)el,o an al r eady trag%ng{Sfpé)S/oswm
system conponent, a wall penetration, a #4 oor penetration, a tee, a
wor k breakdown structure el enent change, a tracing indicator change,
a start of a new or different nodel file, and a start of a new or
different line designation. 29. The nethod of claim 27, wherein the

set of pipes;sys nts,c ri ses contiguyous pipe system
conponent s?%n elgr?ﬂ)lel%ﬂ‘ﬁ) e%‘(l)1 ﬁ%’t@gggll *'Z%%@&%F‘&%ﬂ@p%?@ﬁrewﬁme &§tgm
bet ween t hecninengnéssinchistssi sigiaktapeao dabigh iamhdrawin@generkhiér. met hod of c¢l ai m 25,
wherein the heat trace system of the pipe systemincludes one or nore
heat trace circuits. 28 31. The nethod of claim 30, wherein each
beat trace!&ir ctherm§todsgiestann 1&gvisyeiniie sbrltamspes ssipe ssbgment germruton are
wher ei n edgkedainpaingRGNCAte FPHP bidREgAdEONt ai ner whi ch when popul at ed
i ncludes data associated with one or nore contiguous pipe system
conponents that share one or nore heat |oss properties and/or heater
sel ection 1gri t itk aneti®d.of Thien iphind cafprisingithe Sdp ofvighieinigd EBbhd] 3@r08

a heat tragReCk%hedbld of Sy I i;n part on a.hi.erarchical
ar r angenent of “one or ngggéggg%{glngf%g;%ﬁdﬁg?%lgegécrsr]éﬁ?%lrc‘f% © The net hod

of claim 25, further conprising populating a pi pe segnent associ ated
with a heas. traee nekHo@Uiftclint 1 WHReiAMONRELEEL hia GXEE 34,
The met hod gf Cﬁl@icgn 25, f\Aé/\per ein determni ng one or m?%teﬁgg%%%?rﬁg]ésem
syst em coMSEHERTY e pofeled lieat trage sysfepiecosipeRcain aoRsS irompRiton insietiatian of the
| east i n phawsicalapmphienextract ed data conprises perform ng heat |oss
cal cul ati ons.

15. The methed of claim 1, wherein the step of determining one or more heat trace system

components includes a color representation of specific attributes of the heat trace system.

20. The method of claim 1, further comprising the step of conducting an area classification

check of the installed heat trace system.

21. A method for manufacturing a heat trace cable, comprising the steps of:

receiving three dimensional pipe system data, wherein the pipe system data includes pipe
locations within the pipe system;

automatically extracting data associated with one or more pipe system components
included in the received pipe system data wherein the extracted data includes at least one
boundary condition at which heat loss characteristics change;

determining the length of a heat trace cable for the portion of the pipe system components
based at least in part on the extracted data; and,

manufacturing the heat trace cable to the determined length.

22, The method of clatm 21, wherein the heat trace cable is a mineral insulated cable.
23, The method of claim 21, wherein the heat trace cable is a polymer insulated cable,
24. The method of claim 21, wherein the determined length of heat trace cable compensates

for cumulative errors that occur during centerline calculations.



35. The nethod of claim 25, wherein the automatically extracted data

associ at ed Wit RedAspesSyst em conponents i ncluding the sel i be
syst em conponent ias ?arrpl oyed in performng heat |oss cal ﬁ@t/ﬁg@%ﬂ@p”m

36. The nethod of claim25, further conmri sing generating a heat
trace nodel based at least in part on one or nore of the received

pi pe systemdata, the automatically extracted data, heat trace design
data including the determ ned heat trace system conponents, and

configuratj.on info ign. .37. The nethod of claim?25, wherein a
sane set of on ?&?ﬁ%f%geg?mﬂ%#?&%F\P@r&o?)?fpag‘e@ﬁf%ﬁ?tﬂlétf%ﬁ“ least a portion of

conf i gur ata piye sysdng rcomprising, the sieps afit omati cal ly extracted data, and heat
trace design d%cg.winncg%dsi SQ%ntthg “cfi%terﬁi ned heat trac sgqs# em . )
conmponents is enployed to determ et HE PREsTSEr gﬁgl@&gis CASTRGBIGE R,
generate @imgmem¢cam9nmttsaw ng, and popul ate the heat trace draw ng

wi th border i n;&éi@ﬁ%%?&ectioﬁ?’%a -ﬁart]aesysqgrrtl Qo%j gf]:cnt'c! ai m 25, wherein pipe
system conponents conprise ond Tor 2 ror &g a’pipe, a flange, a valve,
a support, andadpmitisglty gxteasting d@9 as@@iated heithmet $vo tbf ofnecoraimore2 bipe system
wherei n hegt  LEACESY:SE 8D SRADPL omprise ene.or nore of a
heating cable, a pgv\éréconanctc?@ﬁg%%g??l %m@%feimc%mﬂc%% re‘ée“fegé”pﬁﬁ%s,ter%lqata
end seal , VAgciat hachived deyitedudes at Hesstnost Atundamdcoadidentat othlichr heat 4@s

The met hoghpkieRiRl Makdse; aptherein receiving a selection of a pipe
'syst em conponent conprises receiving a selection of a pipe system
| ocation.  41. deleryipingepnes oy menst keaintrare ngsten combeenta fpothei sehobbipa shstat

trace systdipohdls iedlf@sst indaR Ok the Orkd data,

26, The method of claim 25, further comprising the step of generating a bill of materials,

27. The method of claim 25, further comprising identifying nearest boundary conditions on

either side of the selected pipe system component.

28. The method of claim 27, wherein the boundary conditions comprise one or more of a
pipe bore change, a pipe material change, an insulation change, an cnd of a pipeline, an already
traced pipe system component, a wall penetration, a floor penetration, a tee, a work breakdown
structure element change, a tracing indicator change, a start of a new or different model file, and 2

start of a new or different line designation.

29. The method of claim 27, wherein the set of pipe system components comprises
contiguous pipe system components on either side of the selected pipe system component and

between the nearest boundary conditions.

30. The method of claim 25, wherein the heat trace system of the pipe system includes one or

more heat trace circuits.



a pipe system conprising: a processor configured to: receive

pi pe syst eanl)agogbmbg\ggr ein the pipe systemdata includes 9@#{58%0“%088?%

associ ated with pipe system conponents; receive a selecti .

syst em conponent ; automatical ly estract data associated with a
set of one or nore pipe system conponents including the selected pipe
system conponent fromthe received pipe systemdata wherein the
extracted data includes at Ieast one boundary condition at which heat

| oss char a§t eri ﬁ{{e'n?eﬁlo(d\ %@Q 3t0 wgm 31{1 each h&ag ﬁ%ce gg]%@tgm%gg Wgﬁ% gr )gg}géa)e

trace SySt em conponent s
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to the pr Qﬁ%ﬁﬁs@&at@@gﬂﬁ Qﬁgdrgié[ee&gnﬁ&o 691% égﬁenﬁ %}01("%[3%&3 2 ShateQonk 1f m?w heat

processor. , nput er ro ram erm ni ng
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34, The method of claim 25, wherein determining one or more heat trace system components
for the set of pipe system components based at least in part on the extracted data comprises

performing heat loss calculations.

35, The method of claim 25, wherein the automatically extracted data associated with pipe
system components including the selected pipe system component is employed in performing

heat Ioss calculations.

36. The method of claim 25, further comprising generating a heat trace model based at least
in part on one or more of the received pipe system data, the automatically extracted data, heat
trace design data including the determined heat trace system components, and configuration

information.

37. The method of claim 25, wherein a same set of one or more of the received pipe system
data, configuration information, the automatically extracted data, and heat trace design data
including the determined heat trace system components s employed to determine the heat trace
system components, generate a heat trace drawing, and populate the heat trace drawing with

border information.

38. The method of claim 25, wherein pipe system componenis comprise one or more of a

pipe, a flange, a valve, a support, and an instrument.
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sel ected pi pe system conponent. 44. The conputer program product of
claim42, wherein the set of pipe system conponents conprises .
conti guous pipe system conponents on either side of the selected pipe
syst em conponent and between the nearest boundary conditions. 45. The
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41. A system for determining at least a portion of a heat trace system for at least a portion of
a pipe system, comprising:
a processor configured to:
receive pipe system data, wherein the pipe system data includes data associated
with pipe system components;
receive a selection of a pipe system component;
automatically extract data associated with a set of one or more pipe system
components including the selected pipe system component from the received pipe system
data wherein the extracted data includes at least one boundary condition at which heat
loss characteristics change; and
determine one or more heat trace system components for the set of pipe system
components based at least in part on the extracted data; and
a memory coupled to the processor and configured to provide instructions to the

processor.

42, A computer program product for determining at least a portion of a heat trace system for
at least a portion of a pipe system, the computer program product being embodied in a computer
readable medium and comprising computer instructions for:

receiving pipe system data, wherein the pipe system data includes data associated with
pipe system components;

receiving a selection of a pipe system component;

automatically extracting data associated with a set of one or more pipe system
components including the selected pipe system component from the received pipe system data
wherein the extracted data includes at least one boundary condition at which heat loss

characteristics change; and
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determining one or more heat trace system components for the set of pipe system

components based at least in part on the extracted data.

43, The computer program product of claim 42, wherein the computer program product
further comprising computer instructions for identifying nearest boundary conditions on either

side of the selected pipe system component.

44. The computer program product of claim 42, wherein the set of pipe system components

comprises contiguous pipe system components on either side of the selected pipe system

component and between the nearest boundary conditions.

45. The computer program product of claim 42, wherein pipe system components included in

the set share one or more heat loss properties and/or heater selection criteria.

46. The computer program product of claim 42, wherein a same set of one or more of the
received pipe system date, configuration information, the automatically extracted data, and heat
trace design data including the determined heat trace system components is employed to

determine the heat trace system components, generate a heat trace drawing, and populate the heat

trace drawing with border information.



