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Investigation of Rolling Phenomena by in situ Observation
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Synopsis: Deformation and force characteristics in rolling processes have been predicted numerically by the finite element
method. However, there still exist many unveiled phenomena in rolling processes such as defect formation,
lubricant entrapment on rolling interface, generation of debris from the sheet, coating formation on the rolls,
shear banding in microstructure, strain localization, etc. In order to study mechanisms of these unveiled

phenomena, direct observation of the deforming sheet in the roll bite during rolling is strongly demanded.
However, direct observation has almost never been attempted because of high-speed roll rotation under heavy
load. In order to overcome the difficulty, the author invented two novel techniques presented in this review article.
The one technique is ‘Ptolemaic rolling’, where one roll is fixed in the space without rotation, while the other
roll revolves around the fixed roll with rotation. A prototype machine with transparent rolls was fabricated, then
the lubricant entrapment in the artificial defect on the sheet was observed in solder rolling. The other technique
is ‘Roll-propelled rolling’ where the rotating rolls move upstream so as not to move a reference point on sheet
to the rolling direction. A prototype machine was manufactured and mounted on a sample stage in an optical
microscope. The changes in speed and strain rate of the sheet in the roll bite were made clear experimentally.
Equations are derived to predict these experimental changes. It is concluded that the proposed in situ techniques
are powerful tools to reveal rolling phenomena and to make mathematical models for industrial applications.

Keywords: Ptolemaic rolling; roll-propelled tolling; visualization; tribology; strain rate.
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