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Abstract Since silicone rubber heaters are flexible, they can be directly attached or installed in
objects to be heated even in flat, curved or three-dimensional shapes. Since the current heating
method heats the entire object to be heated and raises it to a required temperature, ignoring
areas or positions where heat is not required, partial intensive heating cannot be performed.
When using multi-heating zones, rather than heating the entire object to be heated, only the parts
that need heat are intensively heated according to the process, so it is possible to heat quickly
by local location by applying different amounts of heat with a small amount of electric capacity
to each place that needs heat, and heat energy can reduce. In this study, the temperature and
heating time of the partially concentrated region in the multi-heating region structure are
measured so that a uniform temperature or temperature difference occurs in the region requiring
thermal fusion. In order to determine the optimal power density range and reduce capacitance,
the safety of a silicon rubber heater manufactured with a multi-heating zone structure is
investigated. If the silicon rubber heater is manufactured in a multi-heating method, the
multi-intensive heating technology can be ideally applied to all heating processes.
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Fig. 1. Multi-heating zone silicone rubber heater
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2. silicone rubber heater designed to target
temperature by area

Fi

@

Fig. 2&= HI1, H2, H3, H4 @ H5 99304 H49)
FYZ 115[°Cl 71202 ot ZF I 2= AY
drot AFA59 24E 7§08 OY 13 22 4
Aol R ® 7M9S T & Stk Ul 499 REE
£ AAsHd 1o g e 999 L& AR =2
A B ZA AFo] 7hssttt. AR E e A
A Efsilicone Sheet), ©@4(Heating wire), El1|d
Y(Terminal Pin) ¥ #]=021&%(Lead arrangement)
2 F89th o7IEEAIE 7HEsh] AsiAle w7td
A9 971 *= 9 A 7HEko] A & U=
AdE AdstA Aesto] ARgsfoF gttt A[E Q] o
= 71 59 445 PAsH F2Ql 1
< A5 Al Ad 7HE2% oJi & Agtste] ARE
Sfof gtrt. A AEY AME2Ew FHof 7HE2:

#9] ofstol A 2ok s,
Yeze e S9n 495 BA )

(Fe-Cr Heating Wire, FCHW)o| d&] A-&-%c}

AL Bud B AZste] A7) ok 9
< ot FEAL 129 A7 AAAE ARESH 7]
AR mfrols ALY A0 A et

HES|gE2 54 919 As57Hdolu MAH A
ME g 252 7HEsHAY AT 228 fAl5t=
o ZQ5ltt, BERLEE MEHEE SEAIN =AY
SHAIIE §fel M EA T A EHslEE &
Fsto] AA|sfjoF St

AYE =old A2 1o w2t AA Fo] LAY =] of
20| = 712k 4shkg, dol o3k WY, 97t
HEAY &8 6= Z2A HFole dAEo H7]s]H
2A9 9T FolA "t o|ek o] WI|s|HE 7HE
sto] B7tEl= Y 1A 4E 9 g2 et
TA} A} A71S[E oA EAE = g2 AGHY
Tof| wet AHE A HAR, HESH R A7] 6
RHOA FE Fell E2 TakstA Hot

EYo|EE AARER 7tFs7| YolA A7
Atstojof si, M7]-§Fo] REolH HALERE W
ol A gkorg HoA] A4to] Fas5i

7Y AYdes AEHsE EHA| gt A
oy, AGA AYULE 8 & FAol=|
AREET B AYUEW/ alle A785E o8 &
HAOZ Wi gro 2], ALyl £0H ¥ 2%
= =1 71EL HEA APk

AGA AL AR olf+= AeS Q7o
o= 255 SARS o AZeH e 1d
JEIE Qlste] A2 AEZF BAY 34 27 B4
He A9 FA H9E gsty] AsfiAlelth

W7tAEA o FRHS7 ] Bast 7tddd, A
7185, TR, ¥d2: 9 AE AE J4 52
Z7gste] AAHET. FEYS7IE0l Rt fXo °
EsgES Aste] Ztdsted A AAHA
AYZYHSIHE HAstAY do] dagt w9 3
HE AAJotal YA F7h Bl 7Hdsts A%
ojct.

£ =204 AR AgZHsHE AEsh] ¢




AMaj=aiH 7| sEMEI Bt 27 13

o AYAS Jold BRLED Al P Y
AL B BeFPE PAloz AL

HHolE= HAFBAMo] watA  Resistance Wire,
Etched foil& AR&sIH, o] AEAE 7tE Gl 44
220 met d4dste] Hrjd "oz AFsia, 7H4A
TOo& Txshal, AZZYHHAES o]8sto] H-E71A
£ AHESto] A#git

4. M

FAHAHYLEI} 1W/ar 200m x 200m 3]E|EHA
67TW)ollA, 29 37154 A71E A7kt 502
o oF 58.8C (75290 oF 74.95C)7} €t} Yutgoz
Ae|EeuslEE A7]87 weba g3 ¥ &
& a8y SR 2 AAste] Azstd 7t
AEE 2L g tE2A 7HEE & gloH, 1 99

EoAls 43 227t H= AL gk 2571

2 H|5e 874 7HgskE A¢- 100T7t
Lol A A2 YFokA] gt Aol Al
18 E olg] d9oz yy Algstd A7|e%

2 AJ7to] AuEwEA d £4lo] glof
T Qlste] BrEe Ll Eolxy LEAE= Hit
ZojE0} A7]8o] =2 R2AQI HA+H59] FH9
7%-oll= H57F A7183k0] &7] fio] HéE 52 &
=7 AiEes EA waddt

£ =Roxe delEe sEE 5719 d9o= v
ol FASIPoH, 67W, 90W, 100W, 180W H
32WE AH2L7H] 7tgolet] 99 B 252
ARE EE9 B Hoe 52 AlRF 5037HE 9
153.9[°C1&, H4: 75%, H29} H3: 100% 9 H12
14027} 485]0] 7] 7HE Al 222171 YA 4%
2o EEshiA HdEE 2= JUHog Yol
Aot Ay 7|9te] 5|8 ®H] ¥ 7HAAE S5
AA 7ttt F4ae &2 71ET of Bt ojgk &
ouA] F&2 FENS/IES ot 7HEEA HAE
7FEsHA] ¥ "t BEN 7MEE 4 qlong g
oUAE A4 G2 58% ~ 91%°|th A5LE=
H71-&o] o AR Qlslo] HL& Aj7to] Ty
£ AR Jou A7183ke] IH 2 AR A
82% o} HWl2A 5 A 4 Stk Zapt U2t

of

o o g
Y,

r

N

0

H

fllo 5
Y

|

ol
fo

O TR ISR > R Tl A
oo ot

Table 1. silicone rubber heater designed to target
temperature by area.

Measurement temperature[°C]
. (Measurement temperature in automatic
Set Heating thermostat : 154[°C])
temperature time " 2 i3 ha s
[°C] [s]
TC1 TC2 TC3 TC4 TC5
25 382 49 50.6 63.55 91
50 67.8 95.0 1024 | 1152 | 153.9
160 75 96.1 136.2 148 149.6
100 120.8 | 1479
125 142.2
140 152.2
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Fig. 3. Laminating equipment with Multi zone silicone
rubber heater



—
D
=
|19
H
10
>
~
rH
>
~
fol

Fig. 4. Measurement plctures of datalog

Table 2. Measurements in the datalog

IONE | 1 2 3 4 5 6 7 8 9 0] 11| n

N 162 | 162 162 160 | 160 | 159 | 159 | 158 | 168 | 195 | 196 | 166

PV-H | 1685| 1683| 1668| 1666| 1663| 164.1| 166.7] 1642| 164.1| 1661 1605| 1602

PV-S | 162.1| 1621] 162.1] 1603| 1592 169.7| 169.4| 1583 1585 1652| 1504 1954

IONE | B3| 14 5] 6] 17 8] 9] 0| 0| 2| B| N

v 195 | 155 | 158 | 158 | 168 | 159 | 159 | 160 | 160 | 160 | 162 | 182

PV-H | 1612| 161.6| 1632| 163 | 1632| 1641] 165.7| 1604 166.1| 166.6| 167.7| 167.3

PV-S | 1553 | 156.2| 1682| 1683 | 1982 169.7| 1594| 160 | 161 | 160.1| 162.1| 1619
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