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Article history:

Self-piercing rivets (SPR) are manufactured using multistage cold heading of a

Received 10 January 2022 constant length of steel wire rods. This study attempted to design molds for
Revised 19 January 2022 tolerable loading to material and make the metal flow of the SPR lines parallel and
Accepted 7 February 2022 without cusp. During this process, beyond the existing virtual experiment, which
was limited to the plastic deformation of the SPR material, the analysis of the

Key wor ds o molds’ stress, elastic deformation, and wear were simultaneously performed. This
Self-piercing rivet study mainly aimed to mimic the multistage cold process of the heading machine
Finite element method for manufacturing SPR using DEFORM (commercial finite element method
Dissimilar material software) and minimize differences between with manufacturing sites.
Cold heading Furthermore, deviating from the existing mold development process (shape design
Tool wear with trial and error), the development efficiency was maximized by the reduction
Metal flow lines of both the mold development period and the mold cost. Finally, the hardness
homogenization of the manufactured SPR with a tempering finished was verified.
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Fig. 1 Stress and strain phenomenon during discharge
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Table 1 Mechanical properties of SWCH45F

Yield
strength
[MPa]

Reduction
in area
[%0]

Tensile
strength
[MPa]

Elongation
length
[70]

Hardness,

Material .
atenia Vickers

SWCH45F| 564 343 22.5 58.5 174

Table 2 Chemical properties of SWCH45F

C
(%]

Si
[%]

Mn P S

Material [%] [%] [%]

SWCH45F | 0.4718 | 0.188 0.697 0.0119 | 0.0067

Table 3 Mechanical properties of superhard alloy

ISO D10 | D20 | D30 D40 D50 | D60 | D70

JIS Gl G2 G3 G4 G5 G6 G7 G8

92 915 | 905 | 885 | 88 84 82 80
/ / / / / / / /
93 925 | 915 | 905 | 90 86 84 82

Hardness
[HRA]

Flexural
strength
[MPa]

Under
2452

Under
2,550

Under

20m | P

2452 | 2550 | 2,746 | 2942
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Fig. 2 Heading process boundary condition settings: movement
setting for main die (red) and fix setting for fixed die (gray)
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Fig. 3 Effective(von Mises) stress of SPR heading process
(from left to right: shank and head heading process)
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Fig. 4 Minimum principal stress of SPR heading process (from
left to right: shank and head heading process)
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Fig. S Hammer and pin’s vertical heading stroke graph of SPR
manufacturing process
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Fig. 6 Metal flow lines of heading finished SPR
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Fig. 8 Folding point detail
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(a) Upper side flattening process (b) Lower side flattening process
Fig. 9 Optimization of molds for flattening
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(a) Shank heading (b) Head heading
Fig. 10 Effective(von Mises) stress of optimized SPR heading
process
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Fig. 11 Minimum principal stress of optimized SPR heading
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optimized SPR manufacturing process
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Fig. 15 The analysis of SPR’s metal flow lines

5.7 4357 4=ZH Pin Rgt Hsjol| wE SPR EHRM 5}

Fig. 15914 2 5 9l%0] 952102 9e) Rye] 7445 7]
ol WAlBGIR 23o] WA Bl 9|53} gk W
Ssigich. el R13S 294519 aAe] 24750 Srsi
WA R ol BRI Hile] BRA FLS Sl

AR AR W Rl Azzo) 77 R@t A4S R130E
Sh= o] oot
6. SPR AlMZ & HE
6.1 SPR AlHZ
e T 3 AEES ol8slo] Witz 154F7=
SPRE] AAIZHE P3IHTt. Fig. 163} 2o] E hzr} ¢sd
SPRS 42+ % 247171 o] 3te] s Ak} wlaws) ngich

1] =X%]
= "

5 a7
%H 01-7;.1_;(

H-=-0
.

L

2

Mg iR PP e gl

%0



Journal of the Korean Society of Manufacturing Technology Engineers 31:1 (2022) 19~27

6.2 gx2let 2T Y
PzFHo] $5H SPRS 48 (tempering) S 31 58S
AL BEE FolAl Ak ofw 7] BRA AA] E2iA]

WA Awrh 2L,

4] %9 SPR A= HstE E]lsh] flaf 42 A%9| SPRE

273 e} Akslo) ABE AXE F Micro Viekers 2% 247]
£ o]g3le] HV2 (1,961 N) 31502 52 7+ ¢S 3t

47 o]79 SPR AIH-E Fig. 16914 & 4= o] THFilo]
FTH Fo] AE7 AH o Fon oo RE Yol &
Ao E Awrt B S GRIT 5 ok T2y 3784
HVEZA U4kl SWCH45F 2] Vickers 4% 39} A
St

28 ©]%9] SPR AlHE Fig. 1748 H99 Vickers 4=/}
4 o]x¢] SPR AR HolXl & & 4 Slrh

Table 49] A% FAE BH 4 0|32 "é’q%
HARe} MEAlre shedt Z21s g9ld 4 k.

o] SPR 4¥]9] ENEA A= £xo| Fopd A Az}

flo mX

rlo

LALs

H]

)

lo

o

2053 71AIA 540 HissiAle AL ofudth. ol& Tl Al
A F aL Aso] dold = M sl HE 5 AR EFES

-
100.00um

Fig. 17 HV distribution of heading finished SPR specimen

25

e
100.00um
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Table 4 Statistics of SPR specimen’s Vickers hardness

Specimen Average | Standard division Variation
P [HV] [HV] coefficient
Heading
finished 2474 31.2 12.61
Tempering
finished 478.5 253 5.28
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