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Proximate Calculating Formula for Drawing Force of
Curved Surface Die (Report III)

—Applicable when Drawing Material Hardens Linearly

with Strain During Drawing—

By Hiromu Ogawa, D.S.E.
Hitachi Works, Hitachi, Ltd.

Abstract

The writer handled the drawing die as a cone at the start of his study on the
drawing force. Later, he made public in the previous issues (Report I and II)
a proximate calculating formula, derived from the results of his experiment on
curved surface die which was conducted on the assumption that a yielding point
for the drawing material was constant throughout the drawing process. However,
it is not deniable that the drawing material is often hardened by drawing. In this
report is given another proximate calculating formula for the drawing force which
is consistent when the drawing material hardens linearly with the strain during
the drawing process. The curved surface of the die was considered as a surface
shaped by the revolution of hyperbola, and the drawing force was obtained by
summing up (1) the force to deform the material, (2) the frictional force acting
between the die-wall and material, and (3) the force required to bend the material
at each points on the die-wall.

The writer examined the formula to look for the die shape by which the
minimum drawing force would be attained, and found that there was an ideal die
shape, which could be determined only by the frictional coefficient between the
material and die-wall and regardless of the area-reduction ratio. Furthermore, he
investigated the difference between this formula and the previously reported one

which was proved useful when the yielding point of materials was constant.
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Fig.1. Conical Die
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