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The Optimal Design of Insert Die in the Forging by using
the mechanical property of a Boron Steel for Automotive
Wheel Bolt

OII

OLRAI* . O|RZL**+

—_o

Yong-Sik Ahn* and Kwon-Soo Lee™**

(Received 03 April 2019, Revision received 21 June 2019, Accepted 24 June 2019)

Abstract: In order to substitute Cr-Mo alloy steel (SCM435) of the automotive wheel bolt material for a
low-priced boron steel (51B20), The cold forging process for boron steel and it’s mechanical property
and production property were investigated. The optimal condition of quenching and tempering heat
treatments for boron steel was obtained which led to the equivalent mechanical property with Cr-Mo
alloy steel. For designing the forging die, FEM was used by 2-D Deform program and the tangential
compressive stress on the insert die was analysed under the condition of various shrink fit amount, and
the dies were applied to the actual production process. The optimal designing condition for the longest
life-time of insert die could be obtained by the analyzation of the maximum compressive stress

depending on shrink fit amount.
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Table 1 Chemical composition of SCM435 and
51B20 steels (wt.%)

C Si Mn Cr B Mo

SCM435 | 035| 021 | 073 | 0 - 017

51B20 | 019 025 | 0.016 | 0.76
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Fig. 1 Spheroidized microstructure of (a) SCM435
and (b) boron(51B20) steels
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Fig. 2 Stress-strain curves of the as-spheroidized
alloy(SCM435) and boron(51B20) steels

Table 2 Tensile properties of 2 steel samples

Steel | TS(MPa) | YS(MPa) | EL(%) | RA(%)
SCM435 | 523 489 267 | 75.1
51B20 434 359 45 73
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Fig. 3 Stress-strain curves of alloy(SCM435) and
boron(51B20)

tempering

steels after quenching and

Table 3 Tensile property of SCM435 and 51B20
steels after quenching at 870°C followed by
tempering heat treatment at 545°C and 525°C

respectively
Steel TS(MPa) | YS(MPa) EL(%)
SCM435 1,120 1,024 19
51B20 1,188 1,117 16
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Table 4 Mechanical properties of the used die and

tool materials

Hardness Young’s Tensile Yield

Material (HRC) Modulus | Strength | Strength
(GPa) (MPa) (MPa)
VM60 88 570 3,190 2,900
SKD-61 56 212 1,720 1,550

Fig. 4 4-Step sequence for the cold forging of a
wheel bolt

Table 5 Load distribution during forging according

to forging sequence

Ste Sequence Forging Load Load
Pl >eq (TON) | distribution (%)
1 Pointing 37.74 223
backward
2 Extrusion 18.04 10.7
Head
3 Upsetting 71.33 422
4 Trimming 41.80 24.7
Total 168.91 100%
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Fig. 5 Schematic diagram of die design with 1 insert
ring and 2 shrunk dies for Head Upsetting
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Table 6 The FE Analysis result of the insert die
with different shrink fit amount

Shrink Max.
fit : Tangential
amount snalyscd Figures Compressive
(mm) stress
il
(] |
0.12 {i 1,330(MPa)
|
1]
0.18 2,260(MPa)
0.20 2,570(MPa)
0.22 2,380(MPa)
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4% A474E Y ok =%
A BH moiEz] o= WMo FE =L ¢
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Table 7 Number(Nf) of forged products until die
fracture by using insert dies with various

shrink fit amount

Shrink
fit
0.12 0.18 0.20 0.22
amount
(mm)
N¢ 45,000 | 74,000 | 110,000 | Unabled
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