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Development of a precision machining process for the outer
cylinder of vacuum roll for film transfer
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Abstract: Unlike the roll-to-roll process that uses a steel roll and a nip roll, a vacuum roll can hold and transfer a thin
film using a single roll. To precisely manufacture a vacuum roll, a thin outer cylinder must be machined, which is
assembled on the outside of the roll and contacts the film via vacuum pressure. In this study, the effects of jaw width and
chucking force on the deformation of the outer cylinder during the turning process were investigated using analysis, and
a precision machining and burr removal process was developed. The deformation of the outer cylinder decreased almost
linearly with increasing jaw width and increased with higher chucking force and larger cylinder diameter. Additionally, the
deflection due to the weight of the outer cylinder was approximately three times greater than that caused by film tension.
For the machined outer cylinder, a burr removal experiment was conducted, and concentricity and cylindricity were
measured. Using a device that removes burrs by rotating a wheel connected to the main shaft at high speed, it was found
that burrs generated on the inner diameter could be removed very efficiently. On the vacuum side, the concentricity errors
of the inner and outer diameters were 0.015 mm and 0.014 mm, respectively, and on the opposite side, they were 0.006
mm and 0.010 mm, respectively. Additionally, the measurement of Total Indicator Runout (TIR) according to the angle
showed that the maximum cylindricity of the outer and inner diameters was 0.02 mm and 0.025 mm, respectively. Finally,
through burr-height measurement at the hole boundary, it was found that the heights were within 0.05 mm.
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Fig. 2 Boundary conditions for outer-cylinder analysis
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Fig. 3 Maximum deformation as a function of jaw width
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