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Roll-to-roll (R2R) hot embossing systems have been developed and are

Received 16 July 2013 widely used in various industrial domains. These systems press and heat
Revised 25 September 2013 flexible films between a press roll and a back-up roll, as said films pass
Accepted 11 October 2013 through the two rolls. In previous studies, a heating roll was used for heating.
However, in this study, a hybrid roll for R2R hot embossing is conceptualized
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I . . and developed. This R2R system can be used for generating fine patterns
nduction heating . -
Water cooling on large and continuous films. The hybrid roll of our system can cool and
) heat the films simultaneously, thus affording greater flexibility in process
Thermal analysis . .
Struct s design. Thermal and structural analyses were performed for developing the
ructure anaiysis hybrid roll. In addition, a hybrid roll was designed based on analytical
results. Experiments were conducted for measuring the performance of the
developed hybrid roll.
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Fig. 2 Hybrid roll design process
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Table 1 Analysis condition by the design parameters

Design parameters

Analysis type

Analysis condition

Remarks

Thermal transfer

Material Steel

.. Heating medium volume
Temperature condition

Compare the surface

analysis (150C) temperature of roller
Shell thickness Convection condition Exposed area (227C)
Material Steel
Structural analysis Fix condition Flange part Compare the deflection of roller
Press condition Contact area (30kN)
Material Steel

Heating medium

Thermal transfer

Temperature condition

Heating medium volume Compare the surface

volume analysis (150C) temperature of roller
Convection condition Exposed area (22°C)
Material Steel

Cooling performance
of Heating roll and
Hybrid roll

Thermal transfer
analysis

Temperature condition

Cooling pipe part (4C) -
hybrid roll

No temperature condition -
heating roll

Compare cooling time of
heating roll and hybrid roll

Convection condition

Exposed area (22°C)

Convection : Air(22°C)

Temperature : (150°C)

Materials : Steel

Fig. 3 Thermal transfer analysis conditions
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Fig. 4 Thermal transfer analysis result by shell thickness
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Fig. 9 Cooling performance result of heat pipe type heating roll
and hybrid roll

)

T 4 = o fu i

=
=

o i

219 5| Exfo| L w2
150Col 4 99.8C=
g 2 150Co A 34.4C=
%o] QIEJ]-O]J- HM] o]aioﬂ
e g By

9]¢ ‘auﬁﬂl =7 J&E ?%*Oﬂ e A AT A FA o

e e % FxaY e Sl Ao 288 A Hage A
Aoelth. Ad AA drghe G SR B2 3 A5 &
= 37k AR w3 72 IS s djA S

=

BE FFS 1612 AL A A A4S 90T paes

TREBAAN) P24 A4 Ted e W 70 mm 7V B
F4%50) 2P 92 70 mm= AHSHGT. HHE AU
FEE AA AP A ESI0] AR DI,
3. AEZA| ¥ U
3.1 AEFA
¥ Q179 solel= o AL W2 B4 v 24 9

875

o 2 o4 A2 13
3 sfolHEE E& A
97 0350 mm9Jr XHZ—_T—
aEEJrOL‘j— s
ojn, dFd=
o AY Ao A
HAA Edos 4
s EX-A 1 ]
E2(Roller) ¥,
&

ok
0

i—ﬁﬂ
A= Ad(Journal)F7}t Uk

T TFsotES
167119} Ful| T\_] *‘&E T
71&Y SBETN & TR 2on T RS ‘?:_}*86}04

0 Agshs BAl Foj59} F7tEEe] AHH R g EFHT
Y57 7o) ThseteE B9 o AZAE e AEEE

s 7 3tk E8E Washe Wae ¥4 3 EHY 2YE
(Rotary joint)E 53] AGHEE no o2 §E2dY, AdE

Ee AZHY 7] Wil HE(Sealing)S A3 AdHF9} £
F Aolo] g4 B2 A7 (Teflon sealing)S AH&-3to] Wzh4-

& AE dZs3.

2 [=]

Aol AeH SEES 23 9749 0350 mmdl HE FEA
2§ 300 mmZ %;_1'3} A AR dYoE A8 BuElFo]
o AYOE 06 mm A7, 90HFE S| ETfo]Z A SEE
dlo|HEE & BT F éH ATt Ao AHEE £ O
2 Fig. 113} 2t 61 Evjo]x v Y EL 7]E9 W3} uf
AR o AWz o2 Yrkst, sfo]BejE &



Sang-Hyun Jo, Byung-In Kim, Young-soo Son, Dongwon Yun

2] Ui e BARE ol gste] U W os AP

g 525 dujA9 dHUEE S5l IHEtuA s 8}939.

S| Evfo| o] AFYES} slo]HIE Eof AMSH A
T A% HuE st 22 80(A)9] A

=2 =2
m=s
3L, £ AR LEE A5 LE*JH °l£6}°1 A
5_'5_

lo

K &E b1 m _1>
(o]

b
- =
>
fil
o
2
A
e
Fio
b
B
o
=2
&
O
oy
& B
FEorlo i

+ KEF <l XJFH% *}%o}ﬁii , E
|

(a) Heat pipe type heating roll

(b) Hybrid roll

Fig. 11 Heat pipe type heating roll and hybrid roll used in the
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Table 2 Experiment result of heat pipe type heating roll and

hybrid roll

Time Surface temperature (C)

(min) | point 1 | Point 2 | Point 3 | Point 4 | Point 5
15 26.3 26.3 26.3 26.3 26.3
30 40.2 43.0 50.0 45.0 42.0
45 60.3 63.0 67.0 62.9 64.0
60 98.0 99.0 100.9 95.6 95.2
75 108.8 110.4 110.7 108.4 104.0
90 110.2 1155 116.0 115.1 115.0
105 118.0 119.0 120.0 118.9 117.0
120 122.0 124.0 125.0 124.4 122.2
135 128.0 129.2 129.8 128.3 128.0

(a) Heat pipe type heating roll

Time Surface temperature (C)

(min) | Point 1 | Point 2 | Point 3 | Point 4 | Point 5
15 27.1 27.1 27.1 27.1 27.1
30 48.0 50.0 55.2 52.3 50.0
45 69.2 78.5 793 72.8 70.1
60 86.2 91.5 95.0 87.5 87.0
75 98.5 100.0 104.6 102.1 99.6
90 105.6 108.1 109.6 106.9 103.4
105 120.3 120.8 123.1 1223 1212
120 123.4 1252 125.5 124.8 124.0
135 128.0 128.7 129.0 128.5 128.1

(b) Hybrid roll
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