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A Study on Conformal Heating of Curved Mold Using CNT Film Heater
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Injection molding is one of most widely-used polymer processing technologies in which hot polymer fills a mold cavity, and
is solidified during the subsequent cooling process. In the mold filling stage, the mold temperature should be high to
improve flow characteristics, and low to reduce cooling time during the cooling stage. To fulfill these objectives, rapid mold
heating technology has been developed to raise mold temperature, without significant increase in cycle time. While the
conventional rapid heating technologies required dedicated facilities such as steam heating or high-frequency induction
heating system and has a limitation in uniform heating, the purpose of this study was to develop a facile and conformal
mold heating unit that uses a carbon nanotube (CNT) film heater. The CNT film heater was used to heat a curved mold
with high temperature uniformity, by maintaining uniform distance from the mold surface. The developed conformal heating
technology was then applied to a singly curved mold and a multiply curved mold. Considering that the resulting
temperature uniformity is superior to the conventional oil heating, the conformal mold heating technology using the CNT film
heater can be used to improve part quality and productivity in various molding processes.

Manuscript received: May 1, 2022 / Revised: June 2, 2022 / Accepted: June 2, 2022

1. N2 SA)0] BAel wel A4 LEY e48 SEAAZ 2ot

HRE ALE AFONH] G54 Aol WS ekel(Weld Line) 5

A AEE e R S RE0R BRAA B o AW B AR S FY LEE 100C oiro

) AulelCavity) WS A9 AFS AR AL BHolth.  fAslof sh AST QlomBl BAHoR Ws2E B
A Rl Bel BEE Fat B9 04 9

24 ARE ZH(Hot Oilyg FYUsto] =HsAY 7HER]A] 8] (Cartridge

4 9 Al AHA] FE mRTH1]. AE DAl = Heater) 5-& AH8-Sto] 59 7HEE AARH4] 22v 335
7hashE ARAL 2R f5 B4 S fldl a8 EE = A2oR {AE AL 339 257t AAH R Asste] @
Al AR Sl W o] SrEW JPFS L3HAIA Al ZEAIZro] A E| o Aupa| o7 AL o] A= Thido] Slot.
5 ST J=FE 339 =5 A KAk T2 7] BARE s Sl 5% #HS ASHer 7k
=39 Y4 Sl 5% WY Y432 (Cooling Channel)= sto] u&How S 7MEsk= 9% 5% 7F¥(Rapid Mold
S8 YZrs 2371 HA)S AR, dubdo g 1R} Heating) 7o 3t A7t AP dcHs5). 25 28 719

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



470/ July 2022

HhHo 2= oA 714E[6], 1 =7] 7}<¥(Steam Heating)
[7], 259} +=7}< (High-Frequency Induction Heating) [8]

U 5ol BAom Bt Ted 47 3
Zo| Waskn Aol F7lels B
o, ZTole 53 Wil WATAAE Abdste] d
glo] A= 29 APETe g8 og 7lgsr &~
Bteld 24 7bd (Embedded Mold Heating) 7] 0]
7N QATH9].

e A7) WA= iAo R PHP o R AIEbE o
g3 :LUJ___] 7(:} Y3
2 AtolAs Y 53 2HY 7MY #Y = S sl At
L]- =H (Carbon Nanotube, CNT) L& & 2
o] el A5 p3skalat 3tk ONT IF 3|E=
NIl - 19 548 o183 olelz ONTS 1ol
F(Web) Fel= AL F QHasto] g Fehz ARELHIIL
ONT 2% slet 940 2714 P4e A ghe =
AR A 4= QLo %Oﬂ*ool 8= HofgE 7171 59 7t
Fofl AREE AL UTH12-1

2 dtolA= ONT 25 3]3% ARERE Y 530 Y
77l gt ‘ﬁ—_rL— AePstaia; gtk o] fls A7
°F 2% Au)d(Direct Spinning) B & Z4 34
CNT Z& SlE(FA 10 um, HAF 2 Ysq)s A2kl
Al JEJ% SIEE THY 5% WSl Addste] 714 fQ
—TL}-% AAsEE. A2 dE 58S ARgSte] o

P 5= 589 F 7 FH 58S 7HES
TFE25 AABIL, faadAE 8l 712 54 cSst
‘EE?_P 2 Aol A AAIRE CNT ZF s]E 7|RF 537+
&2 A 597EE W
&

lo
x
=

o]
AR

fuis

frhl

nu e
m°1'
als m°
o 32 30 “l>
Lo mxe

il
z
>
10
—_
ne gl_]
A of
X
R
o,

L

=

£ oA ONT B sles 483 2uq 399 719
S Y8 9 I FFS gl EERE AAsh
Fig. 10l ol 29o] 145w =Asgon, 43%
(Part)e] FAHS S Sd o FABITE HFEL o] 300,
100, F7 15000, %ol 25mm @A FHom uhy
50 mme] LES ZrEE A

= = 2 PC/PBT 44
ARgSte] AR E T, AEA FES sl 58 =5 1o
2 FAsfjof gttt o5 I8l Fig. 1(a)2h 2ol 538 Lofoll 2+
=225 ARESEglon, AdE T 17.5 mm Holxl x| 8
el g2E ARk 292 A% B 10mmE A
At on, Fol= FH7F(NAKSO)YS A5k T

550

400
35 40 40 66

/A A h al
& \
i part  core plate

(a) Conventional channel-based heating structure (Unit: mm)

Back plate

Thermal
insulator

Bus bar

CNT film

Electric
insulator

Core

(b) Conformal heating structure using CNT film heater

Fig. 1 Description of the mold heating structure for a singly-curved
mold

Table 1 Part lists of the conformal heating structure

Component Material Thickness [mm]
Core NAKS0 5
Electric insulator Glass fiber sheet 0.5
CNT film CNT web 0.02
Busbar C1100B-C 7
Thermal insulator ISOL600 10.7-15.3
Back plate NAKS80 40.2
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Fig. 2 Surface temperature changes of the singly curved mold
according to the mold heating types (Unit: °C)
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Fig. 4 Experimental results of the singly curved mold with the CNT
film heating
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Fig. 5 Description of the mold heating structure for a doubly-curved
mold

Table 2 Properties of the mold materials

Thermal Densi Specific Electric
Material conductivity [ g/cmg}]/ heat resistivity
[W/m-K] [J/g-K] [€-cm]
NAKS80 41.33 7.8 0.481 2.63e-5
Glass fiber 1.3 2.54 0.803 le+25
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7}do) 2833t Fig. S(a)ol] Al Al1E 9 28 FAS T4

sl AEEL o] 428, 7 1.5 mmE AAEQon, oF=
oz Z5o] A% B3 IH(Doubly-Curved Surface)Z ]
ZolA glth. BHLE 7kR 500, A2 200, =0] 66 mme A5}

gon, A FEFNAKS)S o83ttt &7 &3 P4
o 5382 4o % WosRE 385 mm "ol A
off 232 1071& AAIsIA e, 929 272 10 mm= 4
Astst. Fig. 5(b)ell CNT 2F 8|8 S 283 e 59 +
25 EABICE 712491 2= Fig 1(b)2] &Y I 5%
I FLsHA AABIA L™, 7 A= 9] S44L Table 20 Z=A1E

P

¥ 0% S Y1 Gh 2 1 S v
ANSYS
a4

1
HJB. l‘lO

L Ahe



July 2022 /473

E
150
130
120
110
100
90
80

E . 70

40s 90s 140s 190s 240s ra
(a) Oil heating

E
2s 4s 10s

(b) CNT film heating

185
50
30
20
10
00
0
0
0

20
[ql

N ® © o o o

Fig. 6 Surface temperature changes of the doubly curved mold
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