WD 2006/ 1153(16 PCP/ K 82006/ 00 1555 | HEATER JACKET FOR HEAT CONVECTI ON
Techni cal Field The present invention generally relates to an insulating
heater jacket, 5 i. e. a heater jacket for heat convection, and nore
particul arl wot&eaid3gat er jacket for heat convection coppfikRidguasdaovel
silicone rubber jacket, a heating wire structure and a heater controller
for the heater jacket. Background Art 10 I'n processes of manufacturing
sem conductors, liquid crystals, or other chem cal products, a variation
in the tenperature of liquid or gas transported while passing through a
pi pe, a tube, a valve body or the like nay cause a problemin that the
fluidis solidified in theahamr PACREWIEOHR MBATTCORVIEIAOR 0gs up the tube.
15 For exanple, in a sem conductor fabrication process such as a | ow
pressure chem cal vapor deposition (LPCVD) process or a plasna etching
process, a reaction by-product such as anmoni um chl oride (N 14Cl) gas or
al umi num chl ori de Te¢lgis)y! Iesl may be included in gas enmitted froma
reaction chanber. |f a pipe for use in transporting such a by-product is 20
mai ntai ned at roond B RpeTEt uR e idieg anershiy urlaihk dor iagengal tinerids (e 0jdoket,
solidified and degfsitedi?n an | nner wal |l of the pipe. Consequently, the
sol i d powder “depdsieEd 6*<Eh mihﬁ%ﬁCQ%N@“6¥L@Hé’“ﬁﬁb§3€W66§“Hp“tﬁéNﬁﬂ@@ or
t ube and bl o¢ roal, £l sage_t o .cause decr.ease in conductance.
Shed I BB SRR ORI Qb S R oo SR HiuPREahE i ve

Thus, pressu'¢ required for the proce _
the af orementkangd vAFORLETB et dd AMSRANE AdtPRier for the heater jacket.

Background Art

i In processes of manufacturing semiconductors, liquid crystals, or
other chemical preducts, a variation in the temperature of liquid or gas
transported while passing through a pipe, a tube, & valve body or the like
may cause a problem in that the fluid is solidified in the form of powder
which in turn clogs up the tube,

15 For example, in a semiconductor fabrication process such as za low
pressure chemical vapor deposition {(LPCVD) process or a plasma etching
process, a reaction by-product such as ammonium chloride (NH4.CL gas or
aluminum chloride (AlCl3) gas may be included in gas emitted from a
reaction chamber. If a pipe for use in transporting such a by-product is

20 maintained at room temperature, the ammonium chloride gas tends to be
solidified and deposited on an inner wall of the pipe.

Consequently, the solid powder deposited on the inner wall of the
pipe clogs up the pipe or tube and blocks a normal flow passage to cause
decrease in conductance. Thus, pressure required for the process may not

25 be maintained. To solve the aforementioned problems, a transportation



WO 2006/ 115366 PCT/ KR2006/ 001555 2 pipe is surrounded by a heater matt or
heater jacket in the related industry to keep constant tenperature in the
pi pe and to prevent the solidification and deposition of gas to be
transport ed.wolesgiikakd er, the word of " insul ati ng heat epejyRakes 001 #8ans t he
heater jacket for heat convection of the 95 present invention. The

techni que of such an insulating heater jacket or heater matt for a
transportation pipe is disclosed in Korean Patent Lai d-COpen Publication

No. 10-2002-0085024. Although the invention disclosed in the

af orenenti oned docunent solves a problem of damage to a nechanical 10
contact tenpeipd ig eucoohtiofl G & Gehier MARr& BESPLRABIENE hd Ahabd anSidi-¢one
rubber constituting the insulating heater jacket is easily damaged and the
entire heat ertojlasketostiout debecexohangede uppn Jami funetian o eolhEdtine
wire thereof. 15 Disclosure of Invention Technical Problem Accordingly, a
primary obj eéfidofleppeitipnesdntzap nienbs olranspedegr ovildeeiaafiesl itabl word  of

i nsul ati ng heate lj acket., wherein even though a specific heating wre of
the heater ja“ﬁlé{ﬂf REITUEE 1956, ReaRs &ihhpatesuppleider heaa cpnpecti@l ahtheo a
r edundant 5h:?>‘i~é§‘&1t"}'i [&ndD addition to the primary object of the present

i nventi on, secondary %b‘j ect of the present invention is to provide an

ir QZ?L?EL?QJ[ gegae;%}%lez‘ﬁ%@{neiﬁn{\?{?irog%ﬁgirw]}[’gnt iri'lsﬁlamn%hﬁ&ﬂgp ijettc)fie?ir:)lri SN, Lulber.
a transportation pipe is disciosed in Korean Patent Laid-Open Publication

No. 10-2002-0085024. Although the invention disclosed in the
aforementioned document solves a problem of damage to a mechanical

10 contact temperature control circuit, there are probiems in that a silicone

rubber constituting the insulating heater jacket is easily damaged and the

entire heater jacket should be exchanged upon malfunction of a heating

wire thereof,

15 Disclosure of Invention

Technical Problem

Accordingly, a primary object of the present invention is to provide a
reliable insulating heater jacket, wherein even though a specific heating
wire of the heater jacket malfunctions, heat can be supplied to a pipe using

20  aredundant heating wire.

In addition to the primary object of the present invention, a
secondary object of the present invention is to provide an insulating heater
jacket equipped with a high—quality silicone rubber resistant to an ambient
environment.

25 In addition to the primary object of the present invention, a tertiary



25 In addition to the primary object. of the present invention, a tertiary
WO 2006/ 115366 PCT/ KR2006/ 001555 3 object of the present inventionis to
provi de a control device that always ensures a reliable operation of the
i nsul ati ng hEarew/jideket by nonitoring and detecting mabéuratioenneds a
heating wire. 5 Technical Solution To achBeve the above objects, the
present invention provides an insulating heater jacket for surrounding a
surface of a pipe with gas or liquid flowing therein to maintain the
tenperature of the pipe at a predeterm ned tenperature. The insul ating
heater jacket conprises a to heating pad having heating wires that supply
heat to the pbpetandthar eresant angediomiatplumaldd y amtpdréddied tbanabeiison
configurations and wrapped by a silicone fiber glass sheath; one or nore
t enper at ur e §BRYGEsA fEUAPEd ObRratiechélat iingwlinghapter frckeedti My pladingo
detect the tenperature of the heating pad; a silicone rubber nolded by a
mol d usi ng a@Rt LElFEIsE M UBBTIY et ByICaligyVirsi | i ca oxi de sol utions so that
the silicone rubber can wap the heating pad; and a controller for
perform ng control by receiving the value of tenperature detected by the

tenperatuce sensorpeéﬁ§5yp§0mh;wblmhether a specific heating wire of the
“‘gé%“rﬁ‘rﬁé“

heating wres arran urality of parallel connection

configurations malfynehicanrs th@nthdur BhRgONtZ0 RBs@kt efRaAkioMepARALENG W T e
connected in parallel if the specific heating wire malfunctions. Brief

Descri pti on ofsulDraw hgstdri Quckdt ifer asvdir@grdm shewifaget ife aoyeraliith gas or
configuration of an insulating

liquid flowing therein to maintain the temperature of the pipe at a

predetermined temperature. The insulating heater jacket comprises a

10 heating pad having heating wires that supply heat to the pipe and are

arranged in a plurality of parallel connection configurations and wrapped by

a silicone fiber glass sheath. one or more temperature sensors mounted on

the heating wires of the heating pad to delect the temperature of the

heating pad; a silicone rubber molded by a mold using a mixture of

15 polymethyl vinyl silica oxide solutions so that the silicone rubber can wrap

the heating pad; and a controller for performing control by receiving the

value of temperature detecied by the temperature sensor, determining

whether a specific heating wire of the healing wires arranged in the

plurality of parallel connection configurations malfunctions, and turning on

20 an alternative heating wire connected in parallel il the specific heating wire

malfunctions.

Brief Description of Drawings

Fig. 1 is a diagram showing the overall configuration of an insulating

25 heater jacket according fo the present inventions



25 heater jacket according to the present invention; WO 2006/ 115366

PCP/ KR2006/ 001555 4 Figs. 2 is a diagram schematically show ng the
configuration of heating wires enployed in the insulating heater jacket
accordi ng tovohedsipesent invention; Figs. 3 is a schemariokde@gnarisshow ng
t he sectional structure of the 5 heatingiwres enployed in the insulating
heat er Jacket according to the present invention; Fig. 4 is a diagram
showi ng the configuration of a heater controller for controlling a duplex
heating wire structure according to the present invention; and 10 Fig, 5
is aflowhart illustrating a nethod of controlllng the operation  of the
dual heating wiredgaccordi magdingrampeefens e brsddivient thef cORBSURH ESe 9

i nvention. Best Mbde for Carrying Qut the Invention 15 Herei nafter, an

i nsul ati ng hestter packetnaioyee ipr Bsemtsuinventicoienitke e gsded Bedhfi t
reference to Figs. 1 to 5 of the acconpanying drawings. Fig. 1is a

di agr am show @eﬂhéw&%‘loéll | configuration of an insulating heater jacket

according to thedpres Q%I pgc e%‘éfh?chnlg%t mv\%i}(éﬁﬁ)wst L. g'%"ﬁ‘lto mpstrﬂé‘@r%:‘& dher

radi al Iy surroun

transported. A{%%@Awgr(“ rSe l§98€ 1?158’{5 m&@@ng, {cea%exar& MUM()@HW@O tipe

heati ng pad cone t ubber as an insulating material waps the
heati ng pactpm:gggt thalreur rounds the p| pe 100. Finally, a sheath 130

equi pped w t
Fig. 4 is a diagram showing the configuration of a heater contr oller
for controliing a duplex heating wire structure according to the present
invention; and
10 Fig. 5 is a flowchart illustrating a method of controliing the operation

of the dual heating wires according to a preferred embodiment of the

present invention.

Rest Mode for Carrving Oul the [nvention

15 Hereinafter, an insulating heater jacket of the present invention will
be described with reference to Figs. 1 to 5 of the accompanying drawings.
Fig. 1 is a diagram showing the overall configuration of an insulating
heater jacket according to the present invention. IFig. 1 shows a heating
pad 110 for radially surrounding a pipe 100 through which liquid or gas is
20 transported. Heating wires such as nichrome wires are wound around the
heating pad 110.
A silicone rubber 120 as an insulating material wraps the heating pad
110 that surrounds the pipe 100. Finally, a sheath 130 equipped with
buttons surrounds the silicone rubber. The silicone rubber 120 of the

25 insulating heater jacket according to the present invention is made of an



buttons surrounds the silicone rubber. The silicone rubber 120 of the 25

i nsul ati ng heater jacket according to the present invention is nmade of an
WO 2006/ 1 15366 PCT/ 1012006/ 001555 5 adhesive silica m xture conprising
75-85% of diwettgliiassnyl silica oxide or trinethyl vinybeskki@anaxisde and
1015% of aerosil. In a preferred enbodi ment of the present invention, the
silicone rubber can be manufactured by m xi ng DSF 400A and L) SF 40013

avai lable 5 from Dong-Yang Silicone Co., Ltd. as follows. First, a nold is
pl aced in an oven under an atnosphere at about 40C to 100C for nore than
15 to 30 mnutes, and the aforenenti oned DSF 400A and DSF 400B sol utions

are sufficiepdiasim xgtat @gatihetotpraivel7 ghbvobidenethat voyokilkaloxidben, the
M xed solution is filled into the nold that in turn is to placed again in

t he oven undeimetis’] aimdspher exate 40C1001300¢ fomsdore than 15 to 30
mnutes to conplete the nolding of the silicone rubber. The silicone
rubber coul d be manuf avelereddtdimboginanit plishenbimsendiinycipivbeldy SHEORSEI | as

i njection moul ding process. Considering the_asp of .ad Lvity and
producti on cOfbertid BRUPERHGRIIFBAHI R HYXINg B%@fgﬁé%ﬁ%“kﬁé%SH&hé‘?ﬁﬁé@%jon
moul di ng al t hou t he extrusi on noul din uires further processing, for
exanpl e cﬁttgﬁaggﬁagpﬁ%%ishléuf%ren' 7 ggg gﬁ €€t he silicone rubber

manuf act ured acco r}*{ﬂis@,ga t:Q,1k hg é)'?zf cfé?ieilrﬁtsa n B{(J) &y %@PEP Bn ia%.‘rlbgﬂlg&’eaﬁda hasg dfiiegher

durability and heat re5|§fanc ssibl'e to mnimze damage thereto
caused by an. ANBHENE,ERVEE QRARNE 18530 A0 GRAPARE thovh tdYeteRRMENHONAD0A

silicone rubber. Figs. 2 and 3 are diagrans schematically show ng the
confi gurati om®DSE 4008 solutions are sufficiently mixed together at a weight/volume
ratio of 1:1. Then, the mixed solution is filled into the mold that in turn is
10 placed again in the oven under the atmosphere at 40°C to 100°C for more
than 15 to 30 minutes to complete the molding of the silicone rubber. The
silicone rubber could be manufactured through extrusion moulding process
as well as injection moulding process. Considering the aspect of
productivity and production cost, the extrusion moulding is preferable to
i5  the injection moulding although the extrusion moulding requires further
processing, for example cutting and punching for wiring.

Since the silicone rubber manufactured according to the present
invention is tough and has higher durability and heat resistance, it is
possible to minimize damage thereto caused by an ambient environment as

20 compared with a conventional silicone rubber.

Figs. 2 and 3 are diagrams schematically showing the configuration of
the heating wires employed in the insulating heater jacket according to the
present invention and the sectional structure of the heating wires employed
in the insulating heater jackel according to the present invention,

25 respeclively,



the heating wires enployed in the insulating heater jacket according to the
present invention and the sectional structure of the heating wires enpl oyed
in the insulating heater jacket according to the present invention, 25
respectivel ywo W26/ 115366 PCT/ K112006/ 001555 6 In a $drRR208500QHment of
the insulating heater jacket of the presgnt invention, the insulating
heater jacket conprises a duplex heating wire structure including the
first and the second heating wires arranged in parallel as shown in Fig.

2, so that upon nmal function of one of the heating 5 wires clue to aging or
defection thereof, the other heating wire can be operated. Referring to

Fig, 2, a surfacej] qag-denshddinicntcal Gl atadh:(@ Beatel Heckdtesfuileedresent

resi stance value of a nichrome wire is cal cul ated when a quantity of heat
of 190Wis naededdn, and ihhdating heati ngchétr esnaresear nangadxi heaito vduopl ex
configuration. If the second heating wire between termnals 1 and 3.is

def ecti ve amtrmabfenctivig; thhefif$tr abdhemt isegow rieedistavencs et v 2 and
3 is operated, thereby extending the lifetime of the insulating heater
jacket. At tmirsllel ae shown Weljsr ef evar Bt apSBdMTERDC OPD LR @téﬁﬁf heAUBRAL i on,
tenperature sensors, i.e., therm.stors, can be |ocated on.the.firs nd 15
second héat i HECH 148 Br 280 p0si 45BN OMHBRE Hhd S WP PSE 4 0HE HJéﬁe‘siCtdihegeare
identical with ‘tﬁ Fach other. Fig. 3 shows a second enbodi ment of the
present invedti’8H ““wherein a duplex heating wire structure i s configured

by inserting fir Sﬁe%g'gir%ei:@@qg. beat kg W83l feR@nald elicMdiedaest | itaene
fi ber glass sheat I'nt er posed .
required resistance value of a nichrome wire is calculated when a quantity
of heat of 190W is needed), and the two heating wires are arranged in a
10 duplex configuration. If the second heating wire between terminals 1 and
3 is defective and malfunctions, the first heating wire between terminals 2
and 3 is operated, thereby extending the lifetime of the insulating heater
jacket, At this time, in the preferred embodiment of the present invention,
temperature sensors, ie., thermistors, can be located on the first and
15 second heating wires or al positions where the surface load densities are
identical with to each other.
Fig. 3 shows a second embodiment of the present invention, wherein
a duplex heating wire structure is configured by inserting first and second
heating wires in parallel with a silicone fiber glass sheath 190 interposed
20 therebetween. That is, the first embodiment of the present invention is
characterized by the parallel connection of the heating wires in a single-
layered heating pad, whereas the second embodiment of the present
invention is characterized by the insertion of the dual heating wires into the
a two-layered heating pad.

25 Fig. 4 is a diagram showing the configuration of a heater controfler



20 therebetween. That is, the first enbodi ment of the present invention is
characterized by the parallel connection of the heating wires in a single-
| ayered heating pad, whereas the second enbodi nent of the present

i nvention i syehaxacteri zed by the insertion of the dual hepkingswWis®s into
the a two-layered heating pad. 25 Fig. 4 is a diagramshow ng the
configuration of a heater controller WD 2006/ 115366 11CT/ K 82006/ 00155.5 7
for controlling the duplex heating wire structure according to the present
invention. Referring to Fig. 4, the heater controller conprises a

m croprocessor 300 for controlling a heater, and an el ectronic contact

relay (SSR)s31Q)fia511i0MhE AdilP18g Heaeinheaiier sirA&td cd2dMgi ® inputedanto a 5
transforner so that AC 6V can be output. The AC 6V is applied to contacts

of a bridge igivoflgo380 Ref@utputioDEiGV thathel nhdaten tentapipdi edomprishie aSSR
310. When a desired tenperature to be controlled is set, the val ue of
current tenperaboredssor 88 foy cantrofper athwaters anson SeoUrams tndACt 19Jay
subj ected to A/D conversion by an A/D converter 378 H Eh.e det ect Efd
current tenp&AYupeli Eomepsiioiling dbe teniser atdire I 1PNE 16 EnHits?i n

an ON state to performheatjn en the current tenpgrature_r es . the
set tenper at GFRSTOFRET SER t%ib ‘llgg g\gr héd ‘6‘?f‘?utPHpsuﬁﬁ‘eaﬁ\%iay6fUtlﬁegg@gﬁgeur)ature
of the heater is co led. AL this, ti egehay i 330n Whighedoi e
preferably aC(E%bégﬁ{/gg,d%géﬂge% ‘Bﬁga Oeér)}ﬁ%“éy% ?ggélﬁ}ggponai 1ng Dt%oLt hg "first
heating wiresgptqoperform heating, and causes heater 2 336 (corresponding
to the 'secondRheati ng wre') to perform heating when a

When a desired temperature to be controlled is set, the value of
current temperature is read by a temperature sensor 360 and then

10 subjected to A/D conversion by an A/D converter 370. If the detected
current temperature is below the set temperature, the SSR 310 remains in
an ON state to perform heating. When the current temperature reaches
the set temperature, the SSR 310 is turned off. In such a way, the
temperature of the heater is controlled. At this time, the relay 330, which

15 is preferably a FORM-C type, causes heater 1 335 (corresponding to the
‘first heating wire) to perform heating, and causes heater 2 336
(corresponding to the 'second heating wire') to perform heating when a
heating wire of heater 1 malfunctions and the temperature sensor 360
detects the malfunction of heater 1.

20 As a preferred embodiment of the present invention, a method of
determining malfunction of a heater can be performed as follows. While
heater 1 performs heating, LEDs of a heater indicator 1 371 are turned on
or off to indicate a current control state of the temperature of the heater 1.
Likewise, while heater 2 performs heating, LEDs of heater indicator 2 372

25 are turned on or off to indicate a current control state of the temperature of



heating wire of heater 1 malfunctions and the tenperature sensor 360
detects the mal function of heater 1. 20 As a preferred enbodi nent of the
present invention, a nmethod of determ ning malfunction of a heater can be
performed aswbabdsawse; Wil e heater 1 perforns heating, hERPRr®H Bater
indicator 1 371 are turned on or off togindicate a current control state
of the tenperature of the heater 1. Likew se, while heater 2 perforns
heati ng, LEDs of heater indicator 2 372 25 are turned on or off to indicate
a current control state of the tenperature of WD 2006/ 115366

PCT/ KR2006/ 001555 8 the heater 2. Meanwhile, when the tenperature of
heater 1 is {ewer.gd;-bel ow 80% of the set tenperature, heater | is treated
as being in a FAIL state and heater 2 is then operated. 5 Fig. 5is a
flowchart illustratdangvialemetitred:of taopéraolidd oghthierdpar mtiord iaflowhgddual
heating wres according to a preferred enbodi nent of the present

i nvention. Ref ¢ iseg teowpBirglurs, hparanbtieriscatedt he hvies dpriodddboriatd gpd
controlling the heating wires are initialized (step 5600), and one of the
heating wi r ekedtsr gasdbee@PEEd@p- 601). Then, it is determ ned whether to
current tenperature reaches a set.tenperature W thin a predeterm n

period of’tine us&‘h"g Sa‘%?)z]&“fqhé‘rhég'tgg;%%(“é)’t%ngléwszf’.f CPPU’HB{“,E’ &EA(I”E*I%&S“
determ ned an process, of rat | an alte kve e sheati
wireis perf%{rjrfr@%l g eﬁg‘g&%w{?gﬁg éesé?%eé{g a%g%w‘t?ﬁé %ﬁgggﬁ%%}n%n@i@on

provides a silieonitubhes,  Foonlided, oMt of ArmhXidiseoOthd aliy iibybsaoryl
silica oxide solutions, and an
for controlling the heating wires are initialized (step S600), and one of the
heating wires is selected (step 601). Then, it is determined whether
10 current temperalure reaches a set temperature within a predetermined
period of time using a specific heater (step S602). If not, 'FAIL' is
determined and a process of operating an alternative redundant heating
wire is performed (step S603).
As described above, the present invention provides a silicon rubber
15 molded out of a mixture of polymethyl vinyl silica oxide solutions, and an
insulating heater jacket employing a duplex heating wire structure, so that
temperature can be accurately controiled and reliable performance can be
ensured without malfunction.
According to the present invention, the use of the silicone rubber
20 molded out of a mixture of polymethyl vinyl silica oxide solutions improves
durability, Furthermore, a duplex heating pad is provided using first and
second heaters, and a microprocessor and a temperature sensor monitor
malfunction of the dual heating wires and perform control in such a manner
that upen malfunction of one of the heating wires, the other heating wire

25 can be operated. Therefore, there are advantages in that temperature can



i nsul ati ng heater jacket enploying a duplex heating wire structure, so that
tenperature can be accurately controlled and reliable performnce can be
ensured wi thout nmal function. According to the present invention, the use of
the siliconevpuharsis20 nol ded out of a mxture of pol ympe-Rykzoakmmksssi | i ca
oxi de solutions inproves durability. Furghernore, a duplex heating pad is
provided using first and second heaters, and a m croprocessor and a
tenperature sensor nonitor nmalfunction of the dual heating wres and
performcontrol in such a manner that upon mal function of one of the
heating wires, the other heating wire 25 can be operated. Therefore, there
are advant agses dcdutfaly teARenal iRl ealiia o #006hIe366al Hel {KR2306/002855 9
be accurately controlled and reliable perfornmance can be al ways ensured

wi t hout any wahbunety amifunativhe foregoing, the technical features and
advant ages of the present invention have been broadly described for better
under st andi ng of I'5 thiee fappsended tht afardnicRhobmtekisl laad adven@sast Okdhcuse
the inventive concept and enbodi nents of the present invention disclosed
above as fundarBhiaIanten brePedasirgadvoressehad Edt bofer flaﬁeié%ﬁrﬁ@%ﬁ
objects simlar to those of the present invention. In addition, it will be
appar ent 1 hate @8PF6@§?dﬁaﬁﬁ%s,%Qﬂﬁ§t§Fh?ﬁoﬁ%t Ao MoRFi Bat i Bhs BENUEE nade
to such to equivalent, st .ur es_changed Jnodified by, ea Sk lJ.edsin
the art mﬁtﬁ%ﬁF% e%%%f?ﬁggéﬁgﬁﬁ%h@ﬁég?rP?kéﬁgqég%ﬁg”gﬁh%ﬂggg?eﬁﬁﬁ% A
invention defined e pystdteabAUEEignl Or modifications for achieving objects similar

to those of the present invention. In addition, it will be apparent that
various changes, substitutions and modifications can be made to such
10 equivalent siructures changed or modified by those skilled in the art
without departing from the spirit and scope of the present invention defined

by the claims.



What is claimed is: 1. An insulating heater jacket for surrounding a
surface of a pipe wth gas or liquid flowng therein to maintain the
tenperature of the pipe at 5 a predeterm ned tenperature, conprising:. a
heati ng pad having heating wires for supplying heat to the pipe, the
heating wires being arranged in a plurali#{ of parallel connection
configurations and wapped by a silicone fiber glass sheath; one or nore
tenperature sensors nounted on the heating wires of to the heating pad to
detect the tenperature of the heating pad; a silicone rubber nolded by a
mold using a mxture of polynmethyl vinyl silica oxide solutions so that
the silicone b¥ CENHE the heating pad; and a controller for
perform ng control by receiving the value of 15 tenperature detected by
the tenperature sensor, determ ning whether a specific heating wire of the

heating wi 1o arrauad L ATl o (PR Slycomeelion e
connected in papallel. ii&uirdrﬁ“o@%%Cﬁffeirginht%aﬁ'liaprgafg id terrrnaplefrla{ﬂﬁ"teio%q%é pipe at
5 a predetermined temperature, comprising:

a heating pad having heating wires for supplying heat to the pipe, the
heating wires being arranged in a plurality of parallel connection
configurations and wrapped by a silicone fiber glass sheath;

ong or more temperature sensors mounted on the heating wires of

10 the heating pad to detect the temperature of the heating pad;

a silicone rubber molded by a mold using a mixture of polymethyl
vinyl silica oxide solutions so that the silicone rubber can wrap the heating
pad; and

a controlier for performing conirol by receiving the value of

15 temperature detected by the temperature sensor, determining whether a
specific heating wire of the heating wires arranged in the plurality of
parallel connection configurations malfunctions, and turning on an
alternative heating wire connected in paraliel if the specific heating wire

malfunctions.



