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The Effect of Stress Ring for the Design of Precision Cold Forging Die

Kwan Do Hur*, Young Choi**, Hong Tae Yeo***

ABSTRACT

The dimensional accuracy of the cold forged part is depended on the elastic characteristics of the die. To

increase the stiffness of the prestressed die, the first stress ring of the tungsten carbide alloy (WC) is considered.

For the design, Lamé's equation is used. Diameter ratios and interferences have been determinated by maximum

inner pressure without yielding of materials. The design of the prestressed die has been compared with the
conventional one. For the comparison, the FE-analysis using ANSYS has been performed. The results indicate that
the prestressed die with the high stiffness can be obtained by the using the high stiffness material as the first
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D; = inner diameter of Dies
D, = outer diameter of Dies
po = Inner pressure
Q = D,/ D, = total diameter ratio
(O« = diameter ratio of the K ring
Yy = yielding stress of the I ring

8+ = 2 / 2 = interference at the " interface
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Fig. 2 Schematic illustration of shrink fitting
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Table 1 Mechanical properties of materials

Mat. HrC | E(GPa) | Sy(MPa) v
GTi50 87 540 3300 0.22
STD11 58 209 1650 0.30
STD61 50 212 1300 0.30

Table 2 Suggested cases for die configuration

Case Insert S-Ring 1 S-Ring 2
0 STDI11 STD61 STD61
i GTi50 STD61 STD61
2 STDI11 GTi50 STD61
3 GTi50 GTi50 STD61
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Fig. 3 Configuration of die set and contact pressures
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Table 3 Calculated diameters and maximum inner

it

pressures Fig. 4 Dimension of die and punch
Case( D, D> Wax. Inner Pressure]
(mm) | (mm) (MP2) 41 87 2
0 108.56 164.74 1278.21 ote]l Ao s BaaAu|E Ealy] s
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Z7] WA A 3 & uiste] e o WA
W gk L‘_E}LH%L} Mf.it. HrC | E(GPa) | Sy(MPa) v
GTis0 84 450 2900 0.24
. . -1 56 .30
Table 4 The selected interferences and deformation of STD6I(S rTng ) 212 1550 0.3
iner diameter STD61(S-ring 2)| 50 | 212 1300 | 0.30
L STD11 60 209 1950 0.30
Case | /(=2 § 1) | z2(=2 § 2) |Deformation of inner dia.
0 | 03782 | 0.5709 0.217522 . .
I 03515 | 05897 0113967 Table 6 Suggested cases for die configuration
2 0.0010 | 0.6304 0.199276 Case Insert S-ring 1 | S-ring 2 | Backplate
3 0.0362 | 0.5798 0.095164 1 GTis50 STD61 STD61 STDI1
2 STDI11 GTi50 STD6! STDL1
of Az E W Ao |Hrl= AL 30 Y7 BE GTiS0 | GTi50 | STD61 | STDII
wEwe] o Avke 2e & 4 ARD A5 0k
AL 27t ARAFYL & F gt Table 7 Diameter ratios of die set
Case Qi Q: Qs Q
4. Yutx{eol W7l FHol HE i 04984 | 05117 | 05587 | 0.1425
2 0.4627 0.6457 0.4770 0.1425
B AT AlExjel A= BT oz A 3 0.5674 0.5674 0.4427 0.1425
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5 Determination of interferences
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according to the change of inner pressure
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Fig. 9 Displacement of die inner surface after fitting
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(a) Distribution of hoop stress after fitting (b) Distribution of hoop stress at the final stage

Fig. 11 Distribution of hoop stress of dies at the Case 3

(a) Distribution of effective stress after fitting (b) Distribution of effective stress at the final stage
Fig. 12 Distribution of effective stress of dies at the Case 3

Q3 H.e 2397MPacl A -1596MPas 33.4% 3 ubo g AW Wtz o ARy} shedt
AR S R A S e = & #lsgon ol tjo] ‘?,_"ii"ﬂ gt A=
FHEAT S & F ARG
6. &
HonEs

£ A e Gy ZAAEE S7MA717] fal
A AA HAHES 23T o o A Ezhd 3=, F, e, ol EE o e
g 9% FEHAEE AAsSie a8z B E W7 dEFEAA" S AYY —}5174 #1974,
A AL S st REE AL Albe] o) 103, pp. 77-82, 2000.
HHFE A 2. 3494, "MAEEFHE o83 Wtax ¥ A

W HAFAA 24, 2%, 9¥%FeR & A L FEAA ] A 28l A3 A
B2 A E ] Al dis) vh 2R W ol URALEEQ] v, KA SE I, pp. 44-59, 1990.
s AE & 4 Uglul I tho)] QMo 3. Adler, G. und Waler, K., "Berechnung von
AgetE 57heY 2 dAFweggge] EAAQ einfachen und mechifachen prespassungen,” Ind.
27, 897, F89705 & Anct 27} 31.8% 9 Anz., 89, Jg, Nr, 39, Vol 16, pp. 21-25, 1967.
33.4%9 FFEHE 48 F AYTh 4. 1.CF.G., "Calculation methods for cold forging

a8 JEHE ndg g4 s B o] o tools," Document No. 5/82.
MES A WA BARE 2ATHoR 3 A4S Y 5. DEFORM-2D Version 7.0 Labs Manual.
A FG Aol dis) b 22 ML A Al 6. ANSYS 5.5 Users Manual.

151



