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Application of FTM and RSM for the Design of Cold

Backward Extrusion Dies
H.T. Yeo, Y. Choi, Y.S. Song and K.D. Hur

Abstract

The design for cold extrusion dies is very important, because the die insert is subjected to very high

radial and hoop stresses.

The design of cold extrusion dies has many constrained conditions. In this

paper, the used assumptions are such that the vield strength of each ring is selected according to the
allowable tensile or compressive hoop stress in each ring and the maximum allowable inner pressure,

when vielding occurs in one ring of the dies, is obtained by the proposed equation. In order to obtain
design variables, such as diameter ratios and interferences, using the maximum inner pressure, the
flexible tolerance method was used for shrinkfitted thick-walled cviinders. ANSYS APDL was used to
perform the repeated analysis of deformation of the dies due to the variation of the design variables. The
response surface methodology is utilized to analvze the relationship between the design variables and the
maximum radial displacement of the die insert during extrusion. From the results, it is found that outer

diameter of the die insert has the largest effect on the minimization of maximum radial displacement at

the inner surface of the dies.

Key Words : Flexible tolerance method, Response surface methodology, Prestressed die, Diameter ratio
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Fig. 2 Schematic illustration of shrink fitting
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Table 1 Yield strength according to state of the hoop

stress
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Fig. 3 Dimension of punch, dies and workpiece

Table 2 Mechanical properties of die materials

Mat. | HrC | E(GPa) | Sy(MPa) v
Insert |GTi50| 8 | 540 3300 022
S-ringl |STD 61| 50 212 1300 030
S-ring2 {STD 61| 50 | 212 1300 0.30

Table 3 Yield strength according to state of the hoop

stress
Mat. Compressive Tensile n" ring
G 0 Y=0.7*Sy Y=0.3+Sy Y=0.3+Sy
STD 61 Y=0.7+Sy Y=0.7+Sy =075y
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Table 4 Range of design variables for analysis
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Table 5 Design variables and response data

N X x A 2 d’\la.i\ radial
0. i X» = Py isplacement
(=261) [ (=262 [ gl
1 -1.0 | -1.0 { 01234 { 0.1156 3.106
2 1.0 § -10 { 01724 | 0089 2913
3 | -1.0] 10101236 | 01753 3092
4 1.0 10 | 01727 | 01545 2.900
5 00 ] 0001492 | 01527 2.981
6 |{-10} 00 ] 01004 | 0.1985 3.100
7 1.0 00101729 | 0.1211 29507
8 00 ] -1.0 ] 01497 | 0.1199 2933
9 00 1.0 | 01496 | 0.1840 2974
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(b) During backward extrusion

Fig. 9 Distribution of effective stress
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(b) During backward extrusion

Fig. 10 Distribution of hoop stress
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