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Analysis of Three-Dimensional Upset Forging of Clover-Shaped Disks

Dong-Yol Yang and Jong-Ho Kim
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Abstract

Upset forging of non-circular disks is characterized by the three-dimensional deformation
with lateral sidewise spread as well as axial bulging along thickness. A kinematically admissible
velocity field for the upset forging of clover-shaped disks is proposed. From the proposed
velocity field the upper-bound load and the deformed configuration are determined by minim-
izing the total power consumption with respect to some chosen parameters. Experiments are
carried out with annealed SM 15 C steel billets at room temperature for different clover shapes
and frictional conditions. The theoretical predictions both in the forging load and the deformed
configuration are shown to be in good agreement with the experimental observations. T herefore,
the proposed method of analysis in this work can be used for the prediction of forging load
and deformation in upset forging of clover-shaped disks.
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Table 1 Billet dimensions (unit : mm)
. Major| Minor R L
Billet - : Ratio |Thickn- |
axis | axis ! Remark
shape cal @b (b/a) less (h)‘
i Aclover
Circle | 20.0 | 20.0 1.0 10.2
Clover{ 20.0 | 14.0 0.7 10.2 5
Clover] 20.0{ 10.0 0.5 10.2 2
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Fig. 2 Comparison between theoretical and experi- Fig. 3 Comparison between theoretical and experi-
mental forging loads for annealed SM 15C mental forging loads for annealed SM 15C
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Fig. 4 Comparison of the sidewise spreads between Fig. 5 Theoretically deformed configurations of the
theory (solid curves) and experiment(dashed clover-shaped disks at several conditions; Ao
curves) for annealed SM 15 C steel; 4,=10.2 =10.2mm, a=10mm
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Fig. 6 Forged Products after upset forging of clo-
vershaped disks; A,=10.2mm, a=10 mm
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