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The aim of this study is to develop web handling technology. In this subject,
friction force between a thin plastic film and steel roller was carried out while changing film

thickness, film tension, humidity, roller surface roughness. In addition, the effect of electrostatic
force on friction characteristics was investigated. As a result, there is no correlation between
electrostatic force and friction force. It was found that both the decrease in the film thickness and
increase in relative humidity of the air have an effect of an increase in the static friction coefficient

in the system. Moreover, the tendency can be pronounced with the decrease in the web tension and roller
surface roughness.
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Fig. 1 Schematic diagram of Roll-to-Roll Printed Electronics
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Fig.2 Experimental apparatus
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Table 1 Surface roughness of test roller and test film
Roller | Roller | Roller Film
A B C
R, [nm] 284 182 89 25
R, [nm] | 4830 1950 1210 300
R, [nm]| 3218 | 1434 390 238
Ry [nm] 379 204 116 32
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Fig. 3 Experimental apparatus

Table 2 Film parameters

Surface potential V [kV]

Fig. 4 Relationship between static friction
coefficient and surface potential

Parameters Values
Width W  [mm] 30
Thickness tw [um] | 6 | 12| 50
R.M.Sroughness o, [nm] | 42 | 41 | 52
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Fig. 5 Relationship between static friction
coefficient and film thickness (T;y=12
N/m, T=24.9~ 26.4°C, H=40.1~45.2 %)



3

El :L‘“EMD [Nm®] (€)

12
6
7 3
(a) (C) 7-inlet = 6 12
25 [N/m]
116 204 379 [nm]
10

Applied load

Pull force
«— @ — «— e~ -
’d?77%2;?—1é7' v
Az/ x 7
’¥’’’¥ . ) e
.
Roller surface Vi %

(a) Thick film

Applied load
Pull force
i @
— — — — —
<+ , 7
Dt o)
% 7 i &7 7

i
I/////)v v /
| e
7/ L
/ I/ {1// /§ 7/
/) Y/

/1

I
Roller surface
(b) Thin film

Fig. 6 Schematic diagrams between film
and roller surface asperities
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Fig. 7 Variation of static friction coefficient

with  relative humidity as a
parameter of  roller  surface
roughness
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Fig. 8 Relationship between relative humidity
and meniscus force
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roller velocity as a parameter of
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