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Development of Composite Rollers for Polymer Film Processing

Kyung Geun Bang™ and Dai Gil Lee™*

ABSTRACT

The pressing roller was designed and manufactured with high modulus carbon fiber composite material to exploit
the high specific stiffness of the composite material. the optimal stacking sequence for the pressing roller was
obtained from the FE analysis and the shape of the rubber coating layer was determined based on the calculated
deflection for the uniform pressure on the film along the axial length of the pressing roller. Then the static deflection of
the manufactured composite pressing roller was experimentally evaluated in comparison with analysis result and
dynamic characteristics were measured through vibrational test.
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Table. I Specification of the pressing roller

Length (mm) ) 2550
Quter diameter (mm}) 140
Load (N/m) 2000
Max. deflection (mm) 063
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Fig. I FEM models for the composite shaft.
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Y. 2 Maximum deflection w. r. t. composite shaft thickness and
prepreg type.
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Table. 2 Material cost and rotational inertia w. r. t.
prepreg type

Thickness Relative Rotational
(mm} material cost |inertia (kg
USNI50B 17.58 1.0 0.1028
UMNIS0B 9.88 1.43 0.0684
UPNI160B 7.3 2.23 0.0535
0.12

Outer diameter : 140mim

Length : 2350mm
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Fig. 3 Rotational incrtia w. r. t. roller thickness.
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4 Ist bending natural frequency with simply supported ends
w. . t. composite shaft thickness and prepreg type.

2.

Cosine distribution of pressure

Composite shaft

Fig. 5 Cosine pressure distribution on the composite shaft excted
by the rubber coating layer.
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Fig. 6 Maximum deflection and maximum relative deflection
w. r. t.stacking sequence type of |£6], when the
thickness of the composite shaft was 10mm.
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Fig. 7 Stacking patterns used in the evaluation of the composite

shaft.
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Fig. 8 Maximum deflection and maximum relative deflection w.
r. t. stacking pattern and stacking scquence of the
subsidiary stacking.; a)maximum deflection, bymaximum
relative deflection(radial distortion).
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Fig. 9 Maximum deflection and maximum relative deflection w.
r. t. subsidiary stacking anlge and its thickness when the
stacking pattern was the case 1 of Fig. 7 and the main
stacking angle was 0°. ; (a) maximum deflection, (b)
maximum relative deflection (radial distortion).
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Table. 3 Specification of the composite shaft
Length 2550 mm
Outer diameter 140 mm
Thickness 12mm
Stacking sequence [(USN150BH320(UMN 1508 10co],
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Fig. 10 Modeling for FEM contact analysis of the composite
pressing rotler and the film stacked bobbin.
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Fig. 11 Maximum deflection curve along the axial length of the
composite shaft and its approximated curve.
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Fig. 12 Pressure distribution of the contact arca before after
thickness com pensation.
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Table. 4 Static and dynamic characteristics of the composite
pressing roller

Static
characteristics
tlexural rigidity

(KNmv*)

Dynamic characteristics

Ist natural frequency
(Hz)

Damping

ratio

677.8 92.5 0.0228
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