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Temperature Control Improvement of Pressure Heating Roller for Flexible
Flat Cable Production

Keyoung Jin Chun”, Jae Hak Kim*, Ho Jung Lee*

ABSTRACT

Pressure heating rollers with temperature control were mounted to a flat cable laminating machine (FCLM). Pressure
heating rollers should be heated up to the setting temperature (175 C) and kept on to producing good quality flexible flat
cables (FFC). Existing Pressure heating rollers took more than 70minutes to the setting temperature and did not keep on
the setting temperature in production. Temperature controller, electric power controller, material and diameter of rollers
and heat capacities were changed to improve the temperature control of the pressure heat rollers for better production of
the FFC. Thus, the reaching time to the setting temperature (RT), temperature stability time (TST) and temperature
hunting (TH) were measured and compared with the existing pressure rollers case.

The RT of A roller was shortened by 50minutes, and B roller was shortened by 15minutes. The TST of A roller was
shortened by 13minutes, and B roller was shortened by 8minutes. The THs of both A and B rollers were settled up to =
5°C. Finally, the productivity of the FCLM and the quality of the FFC were increased.

Key Words : Computational heat transfer analysis(:d At 2 A & 3| 41), Computational structure analysis(Z 228 4),
Flat cable laminating machine((8 ¥ #| o] & ztu|vjjo]¥] Z1A)), Flexible flat cable(7}-&4 HolE),
PID(R] & A& Y) &), Pressure heating roller(7}¢H-8 31® E2]), Setting temperature(H ¥-&X),
Temperature control unit(=> = A o} §), Temperature hunting(=-= 8 &), Temperature stability time(<-%
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220V 9] ALE @ 7}
SE] R FES
o] A, B heater & o Z&
2, BEHY

3d 2F ov £
g sEEed AYL S45C °]H,
Fig. 4 o] 7159 A=
800w ©]th A 2219 AL 112mm ©)
AL 62mm ©]T}.

NZEe LEAARE AN dojx EE2E
TYAZHRT), EBLEMAAZNTST), =W

(THYS M¥Hoz 3R Table 1 3 2},

Table 1 Measuring results of the existing temperature

control unit

RT [minutes] | TST [minutes] | TH[T]

A roller 70 20 .+ 50

B roller 30 15 + 50
A B T 289 EFLEEGAE 40 ¥ A
o|7} Ui, EHLEQAANTE 5 ¥ Aol7t drh
2=dYL A, B F 28 EF £ 50C A= . 2

22 gsiabEd 9 MAsY

exAoE MAs] A daEd, AadA
g, ANTRHAE AN ISR
7leke g 289 EWY Yeye £2EEELE
7] o8 EAsPon, AN A
£ 3gsee A& J|EE&Fe Wl w
g EELEEGA oW AFPE AL
HairteR] dolr] g AAsen, AT
ZHe 7iE g S AAAN gE 7
AR BRRAG FANARE dolry] 3 A2
A&+t

22.1 gsiMEH

exdYYA 2 FEHA el BdHE
go] 7iete s|E2ee FHol FEaA -ALH
=22 o7 o§ ARG, Lo G Hof
S9S W A 299 B Bel9 FULES 29
solon 1 AFAgS Fig 59 Fig 6 ollA FAE
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S45C, 800W A6061T6, 800W
46.9W/mK at 20C 171.7W/mK at 20C
Time : 396sec Time : 243sec

Fig. 7 Calculation result of time to the setting
temperature when heat capacity 800W

175C

I

Fig. 8 Calculation result of time to the setting
temperature when heat capacity 1500W

S45C, 1500W
46.9W/mK at 20C
Time : 218sec

A6061T6, 1500W
171.7W/mK at 20C
Time : 129sec

S45C, 2000W
46.9W/m-K at 20C
Time : 169sec

A6061T6, 2000W
171.7W/m-K at 20C
Time ; 97sec

Fig. 9 Calculation result of time to the setting
temperature when heat capacity 2000W
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A= AEEE &7 A8 Fluent 6.1 B S o]-&
o] dAES 23 S|E L3 Wilo] 2 ¥
ZA50)EEALE AT 71E9 g & 9
HE#9 2% 9% 70mm, W73 24mm = 23
Hon, AAdL s45C & o] E31%a, dA=E2
Ao 4% FAEE #*ed 469 Wm-K * at
20CE AHR3IYT A2 7198 e Eee 2
g8 XFE 7€ M dE g 2oy, AF
& A6061-T6 >3 & A88dx, dA=&9 e
42 (Room temperature)] 4] &4 FAZE #<
171.7 W/m-K ? at 20CE A}&315ich 3B &%
800W, 1500W, 2000W 2 T 23] DA &3}y
gt BELEE 175CR MA3YT. 94 %
&3 SHEFY w3l wE EFLETYATL
Aske] @ ANFALAA AARE Fig. 79
7} Table 2 oA HEFHUCE

Table 2 Time to the setting temperature calculated by heat
transfer analysis

Material Heater capacity [W] RT [sec]
800 396
S45C 1500 218
2000 169
800 243
A6061-T6 1500 129
2000 97
B|E] & Fo] il dAEEo] e AP A=
&o] ¥ A6061-T6 7} EFZEEGA|To] B3t
onj, ddxgo] 21 SEEFS F/HU AT
A e &F0] FFF FELEEGAIZL] Fol
At

223 AP EA
718 EEEHE dedddEdy =HES
s, olu) Jigkg sYEE O &I F
o3 7IgE IHE ] Y] ojdrt AR S
HASEA AL £ e F2EHY FAE ¢
A A g A s
BEA, A, 2L g L g
E AT AZEZ A6061-T6 =
AAA B2 oA gt

28t s45C

= aL
degc zage
AW 7 (Case 1)
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= 719 7oHE Y EY Age AAE AL
sl mdysigicl AAL $45C & o] &3 e,
A 289 9732 112mm, WAL 24mm, ZolE
320mm 2 225 B E8)9 AL 62mm,
WAL 24mm, ol 320mm B 2dE¥Y i
F A A $(Case 2)E 71E9 g 3HE
ANF5e a2 AFLET AT A6061-T6 & vl
ASoltt Al WA ZH$(Case 3= 7IEE FHE
Ho A4S HASYT APL A6061-T6 & A
& 749oltk A B8 A 116mm, W 24mm,
ZAolE 320mm 2 EUA3YATH B S8]9 AL
86mm, W32 24mm, ZA°lE 320mm & EHH 3}
At} o] AFE A 289 7%l 4mm, B £ 9
97 o] 24mm AZ Zolt}

A E8 o= 3923N 9 o] 2881, B Ed
2086N o 3o] g3, FL L EI}FLE T}
A} $45C o] B AIFE 206.84Gpa * & AHE3}
R, A6061-T6 o} ©AAFE 68.94Gpa ° & A
dch AT FEAe AHREE Table 3 o] e
WAk

Table 3 Stress and deflection of A and B Roller

Material
Aroller B roller
(Case no)
MTS [Mpa 1.1 3.6
$45C (Mpa]
MCS [Mpa] -1.1 -3.6
(Case 1)
MD [pum] 1.0 6.0
MTS [Mpa] 1.1 3.6
A6061-T6
MCS [Mpa] -1.1 -3.6
(Case 2)
MD [um] 3.1 18.2
MTS [Mpa] 1.0 1.3
A6061-T6
MCS [Mpa] -1.0 -1.3
(Case 3)
MD [pum] 2.7 4.8

# o 21 -8 # (Maximum tensile stress, MTS), 3 ]
4% 83 (Maximum compressive stress, MCS)2 Case
394 A Z8 £ 1.0Mpa, B E2 £13Mpa & 7}
ZF ZA vstoen HdH ] (Maximum deflection)s
AE2H9 AS Case 1914 1.0 um, BEHY HS
Case3 oA 48pm 2 7HF ZAl vhgit).

$45C 9] 252 530Mpa ®©| 3L, A6061-T6 2|
5888 240Mpa '©)9, FFC & F7A& 1mm ©]

(=R
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o} FELHE JFEoz otAAFE F3A Table
4o JJeEhRA T

Table 4 Calculated factor of safety

Material Factor of safety
(Case no) A roller B roller
S45C (Case 1) 464 145
A6061-T6 (Case 2) 210 65
A6061-T6 (Case 3) 233 179

Ztzke]l ASviet AL AAE 65 A &
A 464 7F Uitk Case 1 9 A E87F /M &
ghol vhgkom Case 2 o B E8i7F 7 Z2 Ftol
U, '

23 2z Ao 74M

71E9] 2EA Rl H &5 ONOFF Ao
o MALERELE)CE ON/OFF A 5 ojglojA
oF7te]l 2% W3le dsiME &¥o] WA W
318lo, 3E{AA ALEA] SSR & HGEHY 2%
z2d719 =5t 3E Ao ALgE ! o9}
Ze o2 2xd"ol AA T "Ed 2
Ao}zl AHA7IE MM cJEFH LR
Hte u AAHA 9dgE2 d A2 ¢
Az g g8 Jdn, 29 Ryt 38
o 2A9 &% EF A5t ? agla AdA
g3y 23 dASgH I8 &Fo ¥&FE 7}
¢ Y E 25 ool weA o9 e
olf=Z ZeAAT 3 EFS AL

231 2xH07] R HH=HI|

E7% Aojet #HEQ JMF BRHHSE A}
45 A9zl PID  (Proportional  Integral
Differential) |01 7] 24 HAZHE 459 AHA
Z] zke} zpole] it uld], HE ¢ vEFRES
S8t Aolase Z+ A4 g HE3 AIHF
o2 Aa"e $do] P HAXNZ S
7HA &9, 2 AAx3 9 AUSE Y 38 A
A7A gkom ANxwe SHEAS TAANE £
Atk ° PID A& vdEFeE Be] e €
23 A E I3, LR QFTHE AFL
2 FAYL ' AZE 22AlTlE PID Al
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o] AEd 2% FEEZ(PX7, HANYOUNG
ELECTRONIC CO. LTD., KOREA)°|H, EF 259}
AAlexote] Fol& ALY 420mA AFE ©
HHow I AY A7 E 42mA 9 A
FY98E @ol 4amA €9 0% (0V) g &9,
20mA ¢ = 100% (220v) AY-E £33 SCR
(Silicon-controlled rectifier) & A&§ A4 =4
7)(TPR-2, HANYOUNG ELECTRONIC CO. LTD.,
KOREA)E AM&-3}3ith

232 E8{NA H HF
222 A9 AFEALENY 9 Ao "

AEgo ESFF BRI ZE3E Azl
BeiAe A4 dERt A4 53

A6061-T6 &) EAEEL 171.7 Wm-K at 20Ce]c},
o] & A2oA EFAHZ s45¢ EHxE @Y
469 W/m-K at20CH} 3 ] o] & gholof.

223 A9 AAF2HY A w29 sgtE
g2 Aol AASFF THH} HWYPFo] 7}
olAM, gAdAFIE e AFE AL B F
o] AXE Aoz yegen, A AFe 7
2 gho] 65 21 Ao 2 YElRth A, B £ H
o d9l2 &I AdE Case 1 o AS$ 70 pm,
Case 29 7% 21.3 pym, Case 39 2% 7.5 um ¢!
Ro g Yehgrh

o813 AHE Edz MEE JIYE ¥ E
He AAe dAEET} Hold A6061-T6 2 A4
e, /itg dEEY AAL F5EY o
3 HRAAFTE Im WP F] V&9 HYE 3"
E¢ v)£3 A AEY A7 116mm, B £

27 86mm = AA A

233 S|E|EY

g9l 222 9 AMEAGN Y Ao W2
sle) o] Z7lge wel EEmo =Hide
A|Zbo] wEtxE Aol Yeiwth o] A#AE
Edz 35 £FS A 3H 2000w, B 3H
1500W 2 ZF7HA % A, B ¥ 819 AF Aol E
a3y AdEE e EY &l 500w Aol E
FReon, 7idd F45HE d9E nstd IF
£3o] 2000W & HALEE ot

=
L



AR - AAg - o)5F  FFHLITHIA A 2d8 ATE

3‘ g '-l"} IJ*I 12:! 2007 A Rollerf ’
31 2 160 - .

. " , Tt (20 minutes)
AR 2EAR- T4 & Fig. 10 oA e} 5 , "
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B 1004
B
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Temperature PID SCR 60
sensor temperature power
controller controller 404,

0 7 T T T y 7
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Heating time [minutes]
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Fig.12 Temperature stability time of the roller (TST)
Pressure heating Temperature || Cartridge heater
Roller (A60061-Té, measurement | |(A heater ;: 2000W, 1901
A roller dia :116mm,
. point B heater : 1500W)
B roller dia : 86mm) 1854
. . o 1804
Fig.10 Improved temperature control unit =
: %_ 175\ | ) I i
Fig. 1l & EZL2E5dANHE 543 a9 = g ‘
[t

ojth, &L 30T FEL=Z 175CT7HA]| 7Hd3ad 170
on EZ2nd mgsttd dY AGS AHR
HAEHY AE 15 2T, B EHY AS 20 &
(T2) 2853, 160 . r y \

Fig 12 & 2eEgNRe 238 19 ” " *
ojth A ERlE 2 8(T)HE 7IHLE, BEYE 2

165

Heating time [hour]

Fig.13 Temperature hunting (TH) of A roller

1907 —— A Rolles
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o - D Temperature stability begin 185 -
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Fig.11 Reaching time to the setting temperature
(RT, 1757C) Fig.14 Temperature hunting (TH) of B roller
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71 slE LIz E £¥HIo 7MYE I"HEY
o] SEE A AT 25 FR2=AA A
| ot 2EAATL 9 (TS 7IHLR
gl THLE7 170T~175CTALo] ol A
gd 4 glrt. %71 HAHEY 7

—
9

o
=
70

2
A
T

—_

o i i

Fig. 13 9} Fig. 14 & A &89} BEHY 2xd
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FAHT des, A E87F B 28R Fd UA

2ol 2 HIE Bolx .
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Table 5 Measuring results of the improved temperature

control unit
A roller B roller
Before After Before After
RT (minutes) 70 20 30 15
TST (minutes) 20 7 15 7
TH(C) +50 +5 +50 +5

EZLEsgA e A E0i9 HS 20 Eol,
BEd A% 15800t EY2EAAFALHE AB
T E2 EF 780U 223" A B F £4
2% + 5CH.

32 0&

SEA7], AExgr], g9 HF 2 A,
SE4%S A mAFoEH dojn APEQ
Fig. 11 ~Fig. 14 & #2138} Table 6 ol LERH AT

EF2EEdA S A B39 A$ 70 BolA

20 2o 2 dEHY, B B BF 30 £oA 15
o HFHYT. EHREAAANTE A EYY

=2
=

A% 208N 7R GEHFHAL B ERY H
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Table 6 Comparison of measuring results before and after
the improvement

RT [minutes] | TST [minutes]

Aroller 20 7

B roller 15 7

-

A Al A 2%E 9 Al
AAZko] 60 B 7HF 3o,
1/10 & St Ho] 429 FFC & o
ol s A =Y

ol b LT A

4. 4E
eEAoe #AE vasHd TEE ALF
o2H JIghE "B SRAMEE o]E
Yl A 229 Reaching time to the setting
temperature (RT)$} Temperature stability time (TST)™=
Ztzy 50 3% 13 €4 oEFHALH, B £
Reaching time to the setting temperature (RT)%}
Temperature stability time (TST)E ZtZF 15 &3 8 &
A &5tk A, B 2|9 Temperature hunting
(TH)2 £ 5TZ ¢AHRCt. Flat cable laminating
machine 2| AJatde] aAAEHon, gAY
Flexible flat cable & th# A4 £ A =HA
2 d7e Py 2 AR AT APBAS A
23 AR AN 2PRIN 82 + K
& ZAolt
z 7|

2 d7E 2004 W= AR FELAVIE
Aol oa sAHon, ATFFY =g
< 341 KOREA FINE () #A17 4254 2
A =dun

ik]
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