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A Study on the Design of Prestressed Die using
Flexible Tolerance Method

K. D. Hur, Y. Choi and H. T. Yeo

Abstract

In the prestressed die design for cold working, many constraining conditions should be considered to
insure the die safety and to improve the dimensional accuracy of products. Among the constraining
conditions, yielding conditions, diameter ratios and interferences between rings are very important. In this
paper, therefore, flexible tolerance method was used in order to search the optimum values of design
variables. The maximum inner pressure is used as objective function in this numerical analysis. In the
design process, it was also involved the safety factor to the yield strength of each ring by considering
the allowable tensile or compressive hoop stress in each ring. The proposed technique has been applied to

the die design of backward extrusion process, and it’

the conventional design method.

s analytical results have been compared with that of
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Fig. 2 Schematic illustration of shrink fitting
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Fig. 3 Dimensions of the punch, die and workpiece
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Table 2 Mechanical properties of die materials

Mat. HrC E(GPa) | Sy(MPa) v
GTiR0 87 540 3300 0.22
STDU 53 209 1650 0.30
STD61 50 212 1300 0.30

Table 3 Suggested cases for die configuration

Case Insert S-Ring 1 | S-Ring 2
1 STDI1 STD6! STD6L
2 GTix0 STD61 STD61
3 STDI1 GTis0 STD6]
4 GTib0 GTix0 STDoI
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Table 4 Diameters, maximum inner pressures and
interferences by the conventional method

d; b Max. inner 71 )
(mm) | (mn) | pressure (MPa) | (mm) | (mm)

1346.252 0.1481 1 0.2328
3092 | 5993 1200.298 0.133410.2362
4309 | 5326 1165490 0.0010|0.2440
33.10 | 4891 931.465 0.0158{0.2271

Case

1 | 3993 | 63.19
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Table 5 Yielding strength of die material according
to the state of hoop stress

Mat. 0 < 0 0 = 0 A" ring
GTiS0 | 07 Sy | 03+#Sy | 03%Sy
STDII | 07 %Sy | 07=Sy | 07#Sy
STD6L | 07Sy | 07*Sy | 07=Sy

Table 6 Diameters, maximum inner pressures and
interferences by the proposed method

i do Max. inner 71 Zo
(mm) | (mm) |pressure (MPa)| (mm) | (mm)

39.80 | 63.07 942.392 0.1022 | 0.1628
4399 1 69.92 30672 0.1492 | 0.1527
3941 | 6399 966.862 0.0451 | 0.1982
3904 | 68.18 908.230 0.0480 | 0.2208
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Fig. 5 The radial displacements on the inner surface of
the die insert (conventional design)
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the die insert (proposed design)



boan
P Pox
A
! M NODAL SOLUTION
A | © N ' STEP 2
| M SUB 1
A ~ TIME 2
i SR
| RSYS ©
A B B o I : ‘
A BB ‘ M
: R AVRES Mat
v B o N : DMX 099837
&) M SMN -119%
i SMX 706158
3 ely o H 0 N A o0n
F M
< | B 800
« ¥ N : c 700
[ D -600
‘ | E -500
N | F =400
B ¢ L M G -A00
¢ N H 200
B ] 1 -l00
B ; M 1o
A K 100
B p e 0 N M L 200
A E N M 300
. N 400
ANS Y ¢ Back-ward E: o : o 500
v5 Analysis of Back-ward Extrusion Dies (Case 1)

(a) Conventional design

3 hm‘
R T J F
Aok ] NODAL SULUTION
B © STEP-2
Yo f b ° Ny
‘h F g ‘ ~
¢ H J o !
B b N
¢ p ¥ 1 o
M D K ) N
L o
5] K J
[ ’ f
K ; °
10} B
in K 1 o |
B L i
f E np 'K ’ 6]
h D N
« PK 7 o
i D
L : ; N
i hx

ANSYS Analysis of Back-ward Extrusion Dies (Case 4)

(b) Proposed design

Fig. 7 Distributions of the hoop stress of the die
(Case 4)
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Table 7 Diameters, maximum inner pressures and
interferences of die with 4 and 5 rings

Max.
DDy Dy Dy} inner 7 | 73| 2
pressure
4 [531.50]6491|79.75 873.067 10.1662]0.0893|0.1151

5 [50.23]66.40|74.40|186.53| 873799 |0.1728]0.0875| 0.0649| 0.0968
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ANSYS Analysis of Back-ward Extrusion Dies (Case 4)

(b) Proposed design
Fig. 8 Distributions of the effective stress of the die

(Case 4)
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