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Study on the Optimum Design of the Insert Ring and Shrunk Ring of the
Cold Forging Die for an Automotive Wheel Nut

K.S. Lee, G. Y Kim, Y. S. Ahn
(Received February 2, 2018 / Revised March 5, 2018/ Accepted March 28, 2018)

Abstract

In order to increase the lifetimes of cold forging dies, insert rings are generally used. In this study, an insert ring and
shrunk ring of the flange upsetting die were designed for the cold forging of an automotive wheel nut. The Stress
distribution occurring in the die during forging was simulated using a commercial finite element analyzing program. The
effects of the fitting interference and inclined angle of the insert ring on the compressive stress of the die inside were also
investigated. The simulated data were compared with the real lifetimes of the forging dies. The maximum compressive
stress acting on the edge of a forging die should have the most influence on die lifetime, an idea which could help develop
the die design with the longest lifetime. The design of the most optimal forging die with the longest lifetime is made
possible by analyzing the maximum inner pressure and principal stress between the shrunk ring and insert ring.
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Table 1 Mechanical properties of used materials for
work pieces
Young’s | Tensile Yield
Material | Hardness | vodifus | Strength | Strength
(HRC) | "(GPa) | (MPa) (MPa)
GTi50 88 570 3,960 3,600
SKD-61 56 212 1,720 1,550
51B20 78 | 204 434 359

Fig. 1142 B E7(51B20)2A1E A&3ke] Bolt
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Fig. 2 Schematic of insert ring and doubly shrunk die
for Flange Upsetting
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Fig. 3 Simulated result showing the inner pressure on
the insert ring of 4th die at the opposite side
distance of 31.50 mm
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Table 2 Filling rate according to opposite side distance

OdPPOS.“e 35.4/31.40 | 35.9/31.45 | 36.5/31.50
edge/side
distance [mm] [mm] [mm]

opposite angle
shape

Filling rate 97.5% 99%
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Table 3 The FE Analysis result of the insert dies with
different inclined angles

Inclined Fiqures Compressive |Max. principal
angle g Stress (MPa) | stress(MPa)
2° -1,070 991
3° ‘ -1,190 1,010
4° - -1,220 1,300
-1,280 1,360
-1,360 1,870

Table 4 = Zt%= 2° -5° W oA Z7 AR &+
HS PR AAl FAH HEse FH FHES
S4% 495 yela rh =xddA B g
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Table 4 Total number of forged products by using insert
dies with various inclined angles until fracture
Angle 2° 3 4° 5° 6°

N; | 30,000 | 70,000 | 160,000 | 350,000 | fracture

Fig. 5 Fractured area of insert ring of 5th die
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