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Optimal Design of Dimension of
Extrusion Die with Single Stress Ring

S. C. An and Y. T. Im

Abstract
In this study, an optimal design technique was investigated for determining appropriate dimensions of

components of the die set used in the extrusion process. For this, an axi-symmetric elastic finite element
program for the analysis of deformation of the shrink fitted die set was developed with the Lagrange
multiplier method to implement the constraint condition of shrink fit of stress ring. By coupling the
rigid-viscoplastic analysis of extrusion process by CAMPform and elastic analysis of the die set, the

optimization study was made by employing optimization program, DOT. Considering the various assembly
conditions, optimal design was determined for a single stress ring case. It is construed that the proposed

design method can be beneficial for improving the tool life of cold extrusion die set at practice.
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Fig. 1 Geometrical parameters of shrink fit die set
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Fig. 4 Problem definition of optimization: (a) design
variable and constraint definitions and (b) ge
-ometrical variables for the optimization model
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Table 1 Initial values of design variables and results
of optimization using single stress ring

parrgror(lieetlers a|bi| b jcn| ® g
initial value
(ram) 10| 80 | 79825 [100| 70 [ 20.175 | 0.175
design | initial | 1OV | optimal | YPRET
variables | value value value value
n (mm) 70 10 1975 80

6 (mm) | 017 005 0.094 03

objective | 10243 594.47
function - -
value MPa MPa

Table 2 Initial values of design variables for four trials
and the results of optimization processes

Trial 1| Trial 2 | Trial 3 | Trial 4

bimm) | &0 & 50 20

initial | 8(mm) | 0175 | 0225 0.3 03
values

objectivel 1024.3 | 10224 | 20887 | -2159.8
function
value | MPa MPa MPa MPa

bitmm) | 2975 | 30037 | 2949 | 2974

optimal| 5 | 00064 | 00073 | 0095 | 00963
values

objective| 59447 | 59508 | 59452 | 5M48
function
value MPa MPa MPa MPa
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Fig. 6 Comparison of hoop stress along the die inner
surface between initial and optimal states
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Fig. 8 Variation of residual maximum hoop stress
according to magnitude of interference fit
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Table 3 Residual maximum hoop stress according to
die outer radius

die outer magnitude of maximum
radius interference fit hoop stress
bi (mm) 8(mm) (MPa)
15 0.0486 8784
20 0.0648 731
25 0.0810 645
28 0.0907 604.7
2975 0.0964 594.47
35 01134 605
40 0.12% 618
50 0.1620 652.8
60 0.1944 706.1
70 0.2268 79.7
80 0.2592 911.9
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