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Abstract: The purpose of this study is to get optimum design and operation conditions of the heating rubber roller for lam-
inating process. The cause of performance degradation of heating rubber roller is delamination of rubber on metal tube, rub-
ber aging due to high temperature. We measured the material properties of thermal expansion, thermal conductivity, specific
heat and density and analyzed thermal distributions of rubber layer using finite element method. As a result of heat/flow
analysis, the density distribution of heating coil must shorten the stabilization time by reducing the temperature deviation
on the length direction at the temperature rising section after increasing the density of the area contacting with the laminate
film at the center part which is an opposite of the current composition while enabling to maintain the temperature of heater
to be consistent while maintaining the temperature deviation to be low when heat loss is created. Finally, we determined

optimum heating method of heating rubber roller.
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Table 1. Measurements of Density (at 23°C)

Run Specific Average of Density
gravity  specific gravity (kg/m?)
1 1.151
Sample 1.152 1149
No. 2 1.152

Table 2. Measurements of Thermal Conductivity

Thermal conductivity Average value

Run
(W/m- K) (W/m- K)
1 1.421
Sample 1.410
No. 2 1.400

Table 3. Measurements of Specific Heat (at 25°C)
Specific heat

Run Average value

(J/g°C) (J/g°0)
Sample 1 1.442 Lan
No. 2 1.401
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Figure 1. Finite element model of heating rubber roller.
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Figure 2. Heating condition of quartz heater.

Table 4. Physical Properties of Heating Rubber Roller

STKM Silicone Quartz Copper Air
Conductivity (k, W/m-°C) 44.16 1.2665 1.4 392.8767 0.0263
Mass Density (p, kg/m®) 7876 1140 2200 8901.29 1.207
Specific Heat (Cp, J/kg°C) 448 1438.5 670 385.12 1007
Dynamics Viscosity (i, N-s/m?) - - - - 2.081x107°
Expansion Coeff (a, 1/°C) - - - - 0.00341
Gas Constant (R, J/kg'K) - - - - 287.042
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Figure 4. Temperature distributions of silicone rubber layer.

Figure 3. Air flow behaviors on heating rubber roller.
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Figure 5. Temperature distributions of heating rubber roller.
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Figure 6. Temperature distributions of silicone rubber layer
during laminating process.
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Figure 7. Temperature distributions of heating rubber roller
during laminating process.
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Figure 8. Simulation result of air flow on heating rubber roller.
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Figure 9. Temperature distributions of silicone rubber layer.
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Figure 10. Temperature distributions of heating rubber roller.

(a) 900 sec h

151

| i 149
1l e
(b) 950 sec ~a 145

I 143

| 1 ™ ] -
‘ '~ B V 138

(c) 1000 sec 136,

. . ' ] 134

l — | J l 132
(c) 1100 sec

I - II “
(e) 1200 sec

Figure 11. Temperature distributions of silicone rubber layer
during laminating process.
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Figure 12. Temperature distributions of heating rubber roller
during laminating process.



Design and Simulation of Heating Rubber Roller for Laminating Process 285

e
°ﬂ 2 F/e oA WA
o L7t ASEE Aol & st 3 APASAldE
gt AR WEsFE T} Heat Sink® Q13 &4 o
o] F A TAHRY =7t stesHA Hed, ol o FS5 ¢
N2HO| deFo] FAH Y AL gYoE FHYo| o|F
T g&io] MAdth B3 A T 25 A
|, 318l AEZES Y3 12X Z-&% Thermostat® 2
A Uevt 22 29 2271 78 A5dtA &
&3 3-8H HAH=1°C) Yol &7t st S4
2O dAGHFS HYSt o] HJr FUT =R X

(o I ()
oox

[T RN

M of Ot o off 2 Ho
18
|o
a0

T
I
<
k
30,
(s

Conclusion

2 =]
D5 Zo] 7] Bejote) Yatwold getshs TR U
2 BAAE sk gotel Age npady @
A%, 51 Egee] mdUS BT A9F A4 7]
Arshan Wsm e A2 5
A7 71eE s

A AN F NGB SEnYe Y= AYHA Y
2 A2 Sulyold 34 SFustH etulyo]d BEY
A& g GEUR A WE H9llN FAsH 2=
7 "ol Aol Leht 39 nREHe] LERES} 7
AohA] g Ao S Hgick. webl AelE nRZa 7
A BelAtolo] PHAREE L& B T W Hol2
AW G2l Uelo] i AO= o ZHct.

£ Ao ol TANA 5 1R o) A
_\?_l_

o

mlo m'if

loomy & o i
> o
O O

FuA A 2 e nUe) RS WAFo] T2 A
o) BT Lhro] SiAR A9, WM BET e F
29 9% 2uo AR} 9y
A o] AAH 5y DR B
222 Jehls AO2 dZEeT, ot 5y nrSe

K

d

SESHa, G4 WA A 2E BAE A §ASHEA 5
o eEg YA AL+ AES BAT Bast Yok E
.71 SAA HE o2 nef ehuldlo]g B A
SEUY G2 AT 5 Urke wok PR FFS worst
B AGAY HGS HHstste] LEREY FANE HNT
2~

N

U= Aolth.
Acknowledgments

£ ATE 7 AAY Fartdel AR AAIE
e At Qubrke] FASCIT0) D FIAY B
(NK196E)S] 2|92 gkict.

References

1. G. J. Kang, B. Y. Moon, B. S. Kang, K. S. Kim and K. S.
Jung, “An Experimental Study of Heat Transfer Analysis in
Molding the Rubber Bearing for Seismic Isolator”, KSME,
pp. 275-280 (2001).

2. IDEAS NX Series Version 5, Software Manual



