Finite Element Analysis of Multi-Stage Deep Drawing for Forming
Deep Rectangular Case with High Aspect Ratio
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ABSTRACT

This paper presents investigations on multi-stage deep drawing for producing a deep rectangular case
with high aspect ratio, which is used for a battery case in an electric vehicle. It is important to form the
case which wall thickness and height are as uniform as possible. The local thinning leads to a crack. If
the wall height is not uniform due to an edge-wave, the volume of the scrap increases. These issues
could be easy to occur with the increase in the aspect ratio. There are many research works about deep
drawing [1, 2], but few research works concern the rectangular case with high aspect ratio.

This paper focuses the effect of a blank shape on a formability. When the blank corner radius is too
small, a load become too large due to a large shrink flange deformation, and then the crack occurs. The
blank shape also affects the edge-wave shape. In this study, the effect of the blank shape on the
formability was investigated in order to form the case with the aspect ratio of 10.3 by four-stage deep
drawing. The blank was a rectangular shape with elliptical corners. The finite element analysis was
carried out under the conditions of various corner radius of the blank, and then the thickness
distribution and the edge-wave shape were evaluated.

As a result of the first stage, the local thinning occurred at the wall when the blank corner radius was
small, while the local thinning improved by increasing the blank corner radius. The thickness
uniformity after the fourth stage was improved by preventing the local thinning in the first stage. In
addition, the edge-wave became small by optimizing the blank corner shape. These results showed a
fundamental guideline for determining the blank shape for forming the rectangular case with high
aspect ratio.
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