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Abstract

Self-piercing riveting (SPR) is a sheet-joining method that can be used for materials that are difficult or
unsuitable for weld, such as aluminum alloys and other steel sheet metals. The increased application of
lightweight materials has initiated many investigations into new SPR conditions for riveting dissimilar
materials. However, buckling of the semi-tubular rivet occurs during the riveting of AHSS. In this study, a
helical SPR was designed for the riveting of AHSS and Al-alloy. In addition, the reinforced helical SPR
which has straight parts was designed. The riveting of AHSS and Al-alloy was simulated. Simulated results
were verified by comparison with experimental ones.

Key Words : Self-piercing riveting(SPR), Helical SPR, Advanced high strength steels(AHSS), SILAFONT,
Finite element analysis(FEA), CP1470
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Fig. 1 Shapes and schematics modeling of new helical
SPR and anvil

Table 1 Mechanical properties of AHSS and SILAFONT

Young’s Yield Tensile Elong

Mater-ials | Modulus strength strength -ation
[GPa] [MPa] [MPa] [%]

DP780 206.9 534.2 948.1 17.21
DP980 204.5 885.2 1036.6 14.84
CP1470 208.9 1124.8 15233 7.05

SILAFONT 39.1 77.3 2193 20.80
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Fig. 2 Boundary condition for joining AHSS and alumi-
nium alloy with helical SPR
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Fig. 3 Simulated results of various high of helical SPR
for joining DP780 and SILAFON
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Fig. 4 Simulated results for riveting AHSS and SILFONT
with helical SPR-high 7 mm
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Fig. 5 Simulated result for riveting CP1470 and SILAFONT
with newly designed helical SPR

z—section view
(a) top view (b) cross sectionaview

Section A—A

(c) helical SPR
Fig. 6 Comparison of joinability for shape of helical SPR

(d) newly designed helical SPR
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Fig. 7 Photographs of lap-shear tested specimens
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Table 2 Lap-shear load for joining DP780, 980, CP1470
and SILAFONT

Riveting conditions-
thickness [mm)]

DP780-1.6 and

Lap-shear loads [kN]

SILAFONT-3.0 3.6
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CP1470-1.2 and 62

SILAFONT-3.0

Axgo]l 7% FA|e} SILAFONT A2
A < Sk E=g FA7] ole R M

AFE Bt AlEAl A" 22ZF SPRY HIS
Hrrshal o 22 23E Ak

D @2)F SPRY Zold wE HIPS 433
Asted AR =7E 1000 MPa o]to]ar ¢algo] 17%
1 FA 16 mme dH# FA 3 mm$l SILAFONT
3o HeS aiAEtE 6 mme A SPREU
7 mme A SPRE HIsIAS W, IFA=7t
1000 MPa A= e g4 Hd=o] SPRY sh
o] QIEjgte] ZA WAL, AfEo]l =S Ao
A ZE A} mEbA T 1000 MPaolstolal
Algo] 17%) F7 1.6 mme A# F7 3 mm$!
SILAFONT 3R] Aol deld SPRe| Zole 7 mm
7v Ageta, Adutn steke] A9 weEl SPRe AT
3 Zdolg AAs|or .

2) 2l

AN

A73E7 1000 MPa o]olal dalgo] 14%
1l FA 16 mme! A F7 3 mmel SILAFONT
shgtol dis] Ze] 7 mme fej2 SPRE HF s43t
Aek sAATNA =T 1000 MPa ©]sto]at
Axgo] 17%%] dte] HrT IEge] 2 Zo
2 ARl wEbA Aalgo] e #AY A A
o] AHBZ SPR#Y sHEEA|e] A7 AR
o] Aol 4% Ao|tt. 1y HEF A4S0l
v v A3 WAl AFAEIE AX 7] W] Hy
o %o} ©] & =9 SPRo] &€ 4= Qlth

tE-e4 - HEeE A A33AE A6E, 20159 12€

3) QIAH=IE 1500 MPa o)dola aAalgo] 7%9
A 16 mme] FF BA= Z

AAFE 1000 MPa o4, A& 14%91 7
ghol] ALg3ld dejd SPRY g Hol| H=
Fos 9o AsA] Z3kik ol
A3 AzE Ay SPRES A48}
4 HE AT & Ak ok

ol —d

s
e
o= ¢
ol
-

o

A F$Ee SPRe) Aol FsdhaL SAETF 1000
0 Mgl 2 e U4 el SPRO®
FP5ae QRAE 1500 MPa o1l Thaje] Mol
222 2y uo] YARE Fol JEE WAH A
& A2l SPRE H83lok T Aol

Reference

1. X. Sun, Self-piercing riveting Properties, processing and
applications, WOODHEAD PUBLISHING, Joining
Technologies, 82 (2014), 1-7

2. H. Y. Cho, D. B. Kim, Finite element analysis for join-
ing glass fiber reinforced plastic and aluminium alloy
sheets, Journal of Welding and Joining, 33 (2) (2015),
78-84 (in Korean)

3. D. B. Kim, Design of SPR Considering Mechanical
Properties of Sheet Metals, A thesis for the degree of
Doctor, (2015), (in Korean)

4. R. KUZIAK, R. KAWALLA and S. WAENGLER,
Advanced high strength steels for automotive industry,
ARCHIVES OF CIVIL AND MECHANICAL ENGINEERING,
8(2) (2008), 103-117

5. ULSAB-AVC Body Structure Materials, Technical Transfer
Dispatch, 6, May (2001)

6. K. Mori, T. Kato, Y. Abe, and Y. Ravshanbek, Plastic
Joining of Ultra High Strength Steel and Aluminium
Alloy Sheets by Self Piercing Rivet, CIRP Annals-
Manufacturing Technology, 55 (1) (2006), 283-286

7. H. Y. Cho, D. B. Kim, Y. Qiu, Design of self-piercing
rivet to joint in advanced high strength steel and alumi-
nium alloy sheets, Journal of Welding and Joining, 33
(3) (2015), 75-80 (in Korean)

8. H. Y. Cho, W. Y. Kim, D. B. Kim, Design of Helical
Self-Piercing Rivet for Joining Aluminum Alloy and
High-Strength Steel Sheets, Transactions of the Korean
Society of Mechanical Engineers, A 38 (7) (2014),
735-742

9. H. Y. Cho, SELF PIERCING RIVET, (2015) KR-
B-10-1516357

553



