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Design of Backward Extrusion Die by using Flexible Tolerance Method and
Response Surface Methodology

Kwan Do Hur”, Hong Tae Yeo', Young Choi™
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 yield 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 yielding 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 shrink-fitted thick-walled cylinders. 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 analyze the relationship between the design variables and the maximum radial
displacement of the die insert during extrusion. From the resuits, 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(Z & A8 3]-8 2 X}H), Response surface methodology(¥H-E B EA1 %),
Prestressed die( <t ¥ & 3), Diameter ratio(3 2] 73 H]), Interference(7Hd %)
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Fig. 1 Schematic illustration of compound rings
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Fig. 2 Schematic illustration of shrink fitting
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Table 1 Yielding strength according to the state of hoop

stress
Compressive Tensile .
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Effective strain

Table 2 Mechanical properties of die materials

Mat. HrC E(GPa) Sy(MPa) v
Insert  GTiS0 87 540 3300 0.22
S-ring1 STD61 50 212 1300 0.30
S-ring2  STD61 50 212 1300 0.30

Table 3 Yield strength according to state of the hoop

stress g
. . th . T T
Mat. Compressive Tensile n" ring | Ml“[““'m“ 20[kN]
GTi50 0.7*%Sy 0.3*Sy 0.3*%Sy -
STD61 0.7*Sy 0.7*Sy 0.7*Sy
?‘ G Fig. 6 Distribution of effective strain and nodal forces
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ws . i 3 _ Table 4 Range of design variables for analysis
“ of nodal forces E -1 0 I
' i Xi(=d) 43.99 48.99 53.99
Xo(=d,) 64.92 69.92 74.92

Fig. 4 DEFORM and ANSYS model for analysis
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Fig. 8 Input of contact pair for shrink fitting
Table 5 Design variables and response data
Makx. radial
No. X X a 2 Displacement
N ) B €5
lum]

1 -1.0 -1.0 0.1234 0.1156 18.377

2 1.0 -1.0  0.1724 0.0859 17.089

3 -1.0 1.0 0.1236 0.1753 18.259

4 1.0 1.0 0.1727 0.1545 16.975

5 0.0 0.0 0.1492 0.1527 17.527

6 -1.0 00 0.1004 0.1985 18.312

7 1.0 0.0 0.1729 0.1211 17.024

8 00 -1.0 0.1497 0.1199 17.593

9 0.0 1.0 0.1496 0.1840 17.478
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