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Elastic Analysis of Cold Extrusion Die Set
with Stress Ring

S. C. An, G. A. Lee, S. Y. Kim and Y. T. Im

Abstract
In this study, an axi-symmetric finite element program for elastic analysis of the die set shrink fitted

in cold extrusion was developed. The geometrical constraint according to shrink fit was enforced by

employing the Lagrange multiplier method. The numerical results for strain and stress distributions in the
die set including single and multi stress rings assembled by shrink fit were compared well with the
Lame’s equation for thick-walled solution available in the literature. To extend the applicability of the

analysis program developed, various cases without or with stress ring and with pre-stress applied on
stress ring were numerically investigated as well. This numerical approach enables the optimization study

to determine optimal dimensions of die set to improve tool life for practical use in industry.

Key Words : Lame’s solution, Lagrange Multiplier, Finite Element Method, Shrink Fit, Stress Ring,

Cold Extrusion
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Table 1 Analysis condition for single stress ring
0.37 mm
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Material property for die and stress ring
Young's modulus (E): 206.84 MPa

Poisson's ratio (v): 0.3

a = 50.8 mm, b

)

Geometry of stress ring
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Fig. 2 Comparisons of (a) displacement and (b) radial
stress between exact solution and the analysis
using the same material for both the die and
stress ring
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Fig. 3 Plot of (a) displacement and (b) normal stress
along the die-ring contact region
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Fig. 5 Comparison of radial stress between exact solution
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Fig. 6 Comparison of hoop stress between exact solution
and the analysis for multi-stress ring case

Table 2 Analysis condition for multi stress ring

Geometry of stress ring

a =508 mm b =762 mm,

¢ = 101.6 mm, d = 127 mm,

8= 01778 mm, 8= 0.1016 mm

Material property (die and stress ring)
Young's modulus (E): 206.84 MPa
Poisson’s ratio (v): 0.3
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v Friction condition
Friction factor (my): | o 80 mm
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Fig. 7 Analysis conditions used for thermo-rigid-
viscoplastic finite element simulation of extrusion
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Fig. 10 Boundary conditions for three cases of analyses:
(a) only normal force applied to the extrusion
die, (b) only stress rings applied, and (¢) both
normal force and stress rings applied
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Fig. 11 Comparison of hoop stress along the die inner

surface for the three cases of analyses
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