stZEy| A Zaks|x| M212 M25 pp. 41-47 20174 42 ISSN 1226-7813(Print) ISSN 2384-1354(Online)

Journal of the Korean Society for Power System Engineering

Vol, 21, No, 2, pp. 41-47, April 2017

22 Wheel Nut AKS] HELES 9Iat BEZH0

http://dx doi.org/10,9726/kspse, 2017 21 2 041

Zhet

o1

Study of a Forging Process for the Application of Boron
Steel for Automotive Wheel Nut Material
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Abstract: Boron steel (51B20) was cold forged using by new designed dies to apply for automotive

aluminum wheel nut. The formability and mechanical properties of boron steel were compared with

carbon steel(S45C) which has been used up to date for the wheel nut material. The formability was

investigated on the dies designed with various types of punch nose using by FEM. The metal flow and

compressive stress on the dies during cold forging were investigated and compared each other. The

forging process with a new designed die showed the improved metal flow with a reduced forging load

which resulted in the significant increase of the die life. It was recommended that the carbon steel for

automotive wheel nut material could be substituted by the boron steel.

Key Words : Cold forging, Die design, Boron steel, Tooling life
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Table 1 Chemical composition of S45C and 51B20
steels (wt.%)

C Si Mn P Cr B
044 | 0.17
0.19 | 0.25

S45C
51B20

Table 2= Al@ol AH8EF cold formers} presse]
AYL-E YeEPAT 1S-8/% Model2 one dies, Ist &
2nd Punch® 7 E N S.H, Long boltF A|FS A
Fsh=d H2sE AX olth. HBF-428L Model>
47 IR0 R FAEI oM, AAVIEAEFS HY
dxFHoRE HEAA B33 A4S 1 AF
o] 4EE 98 HHsdE 71Tl
Widzes A2dA FRE o,
load= 4 ¥4 Total 350 Ton, 7}F&&%E+ 500
mm/sec®] AT AFAFL 100= A ZAF7]
(Universal Testing Machine, UTM)S A}-8-3}% 2.1,
oltf Cross head 5+ YA 100 mm/secE
Atk aAlE @& A 740C oA 30 hr B T
FetdA e Eglon, Az AES Qs AHA
v} ¥ Nital 9% o] 3%t

forming
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Table 2 Current of the process specifications for
cold former and press

MODEL IS-8 ¥ HBF-428L
Forming stations 2 4
Cut-off length 300 330

(max. mm)

%‘I‘It;’f;ﬁ;‘ 732 @30
K.O (max.mm) 250 260
Die dia (mm) 150 150

Forging load (Ton) 450 450
Main motor (kw) 120 132
i | @ | w
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Fig. 1 Spheroidized microstructure of (a) carbon

steel and (b) boron steel
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Fig. 2 Stress and strain curve of Boron

(51B20) & carbon steel (S45C)
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S, AAEENS 3.5%, GHELLEE(RA)S 8.5%
9 =4 Yebgth & AdFZA g 2% 9l A3
S BHH HEZo] vAate] ws dxrhadol
5 Ao oAHT)

SR 57| AIS SRR M21H M22, 20174 48 43



AHE Wheel Nut AXHQ| HEE2ZHE

Table 3 Tensile properties of 2 samples

Steels | TS(MPa) | YS(MPa) | El(%) | RA(%)
S45C 487 405 33 64
51B20 | 434 359 38 73

Fig. 3& Bohiel AF=ws vz 2 /A%
Fol B HAFAFES e Aok 94 A%

AEFL F=°] 8§ mm, HEF AEFE ¢=43 mmo|t}.

@ (b)
Fig. 3 A finished product (a) and 2D-modeling (b)

of Al wheel nut
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Fig. 4 Current sequence of forging process for Al

wheel nut
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Fig. 5 Improvement sequence forging process for Al
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(a) Case 1

(b) Case 2
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(c) Case 3

Fig. 6 The 2-D Drawings of extrusion pin nose

shapes by cold forging
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Fig. 7 Stress distribution of each extrusion pin
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Fig. 8 Forging forces on the extrusion pin of

various types of nose shape
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Table 4 Maximum effective stress(Oe) on the

extrusion pin in each case

Term Casel Case2 Case3

Octr (MPa) 580.9 3726 495.0

Table 5= 919] 2 Fe] $EWL /w1
AgsuA A BdEAYe & F W

e3¢ 7
e 2R 2aE by Aok 4
Hlmel A AAENE vhek 2ol o7t 7P sk

d case 200149 FHo] & FHMET dF
3] =3tom, case 39 AUt TP we FHE
et ok AA H8-8H-2 case 10] /M &
ooz B3}l case 32
e OE Aot g A BAY
T =S o/t BATIHOH o]Fo] Fo HER

912 Vehsty] wEoleta Az,

Table 5 Total number of forged samples with

various shapes of extrusion pin

Term Case 1 | Case 2

Total No. of

4,000 | 15,000

products (ea)
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