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Assessment of Structural Stiffness and Fatigue Life in
Self-Piercing Rivet(SPR) Joint of Car Body
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Abstract

Recently, Self Piercing Rivet(SPR) has been spotlighted in the automotive industry as a substitutive
resort of spot welding and has aiso been watched by the designer as lightening a car body due to
their superior assembly processes. Fatigue behavior of SPR joint needs to be investigated experimentally
and numerically to predict its structural stiffness and fatigue life. Testing of lap-shear specimens with
various material combinations is performed to obtain the joining strength and the fatigue life of SPR
connections. The simulation of SPR lap-shear specimens is also conducted to obtain the structural
stiffness of SPR connections under different material combinations. A Finite element model of the SPR
lap-shear specimen is developed using a FEMFAT SPR pre-processor. The fatigue life of SPR
specimen is predicted using a FEMFAT 4.4e based on the liner finite element analysis.
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Fig. 1 Schematic representation of the self-piercing
riveting process
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o Fx4= 2 A2UTY Hrte dg A=
T ZolEI|7t o § o] Eop dAFE MG
A & 5 Ao M e ol SPRAYFO]
HEd 847 EAHL glen, SR F¥H
Z1E AERe AxunE AT 48934 474
SPRE/MAE A% A77F FAAR Yok =
g, H2 AAHHE ol & dIFd A7 o F
oAA Yok wehA, B AFdXE AFA
Ao st diuste] HEA I 4
WHE o8t SPRAYTS FxZAH 2 =
ZEE Breg. B, A4 dse ANdaHet
. HAEFoZHA AHEE FARDY BHIHE
AFae. 2da AS5d FARLE HEE 7}
&) SPR TEE di3 J2ZFEE 5ot

2. SPR AXx|7|0]2 Algmel AH

SPRZ, Fig. 13 Zo] exde] ZA5E9 HA
o Loz wz FHE A Hz, dolg
4oz Flgd vtdlA ddh

2.1 2IEAE
B AP ALE-® SPRAET AlFdHe, AEA
v o7lel ARy J1EFHd AxE A
gutg oz AlRHE HX 7ol AlFHoIH, A
HH A FeE Fig 200 et

SPRAY AW ¢Rrledas gE4es o
g AAARY 2Fez TS oFARZE
TFEerglerd, zZ+ w4 AL 71AH HE & Table
1o Yehiich zF AlH 23S Table 294 Zol &
AAA FAel webM A, B, C, D, EZ T-E3I%
th A UIME AHEslgled, slus ud 4

S AFARHY AFEEE Jmmymino 2 ST

SPRY FHE o8 7tA7F e, AlHY F

Fol wetd 27 ged, JEdez geulw

#AYt dFvlE B A AL8E AL EF
g Aggoln ¢Fvlwd A A
AHgE AL BRAEGoR MBS AZEY

22 I 2AEH

£ Ao 218" SPR HA7|olg AlgHL A3
Algel Al A 54 FA 2 AZolxFo)
ok FEAEL FY MR Fd2AENE A5y
A2 d7] FolA §8y] 0.1, 10HzZ NEE 3
som, s5e AFAPo 2Ry AAE HYst
79 30% AT 7Y sFS& FHLsd.



1176

xF

al
= =2

3.8 0

3.1 AMEZ R

SPR HA7] olF AlgH g AJAIL
%8% 27 A, B, C, D, E AQHL 25 g
o] A¥E #EFdh 3o v Ut

AEHo He A B, C, D AE#HY AL Aw
o] dgake] FYEAES} FAHEA Y gulo]
stgollA BelEs A4S Bk E AlgH9 3¢
= gdlo] ¥el=A &1, d¥te) AAA te 4
A& BYth o]E dMo] FALSE AYd R
g7t @A A7) e AeE APzbdc)

Z+ AlgHol A3 g2 Fig 30] YeRiUTH
ol g4EE E AEHo| /FF wten, ¢4=nFE #
Brtez A" A ARH Hoies Ry g
o2 F449 B, G D, E A@#Ho| Fuj 50% o)
4 o w3l =3 4% A9 5V FAeTE
ol 4%s}t Eotth J8m cok D AlEHLS AH)
E5Fol BAl FARE AL B3tk

AANEY AL AdoAdn 33 d4o o
Bt Zof wha] HEAHAAE R Fua
3 25 39 @4l Jelwt. 28la SPR A
FRE 71HeR s5wegy A0 F9o] Y
elgth %3 A, B, C, D Ad#HY A4l IF
Alga FASA sl w3 glyio] wh gidol
RAA L, E AlZAL gwlo] sigte] w2 4
o] AAA Yite GA4L By o)A I 3
ol AE Fdeest 24 ey dgEd R

Table 1 Mechanical properties of material

Material properties
Material Oys Ouyrs E 6
(MPa) | (MPa) | (GPa) (%)
5332 130 264 74 33
SPC 160 340 210 40
SPCC 143 394 210 38
SAPH 284 480 206 33

Table 2 The combinations of specimens

Series Material Sheet thickness(mm)
Punch-side | Die-side | Punch-side | Die-side
A 5J32 5132 1.0 1.0
B 5132 SPC 1.0 1.0
C 5132 SPCC 1.0 0.8
D SPCC 5132 0.8 1.0
E 5J32 SAPH 1.0 2.3
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Fig. 3 The monotonic tested lap-joint specimen indicating
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Fig. 4 The fatigue tested lap-joint specimen indicating
the mode of the failed rivet
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