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Abstract: A finite element model of self—piercing riveting of semi—tubular rivets was established by using the fi-
nite element software Deform—2D. The process of self—piercing riveted dissimilar metals of aluminum and steel
was simulated and analyzed, and the stress distribution on rivets and metal sheets was analyzed. The self—pierc-
ing riveted tests and static tensile tests of AA5052 aluminum alloy and SPFC440 high strength steel dissimilar
metals were carried out. The self-piercing riveted experiment of semi—tubular rivets for aluminum/steel dissimilar
metals was performed. Tensile test and fatigue test were carried out to analyze mechanical properties of self—
piercing riveted joint. The failure forms of the riveted joint are analyzed. The results show that the rivet head has
good contact with the upper sheet, and the rivet shank spares evenly and smoothly in the lower sheet without
crack or buckling. The stress of the rivet concentrates on the rivet shank, and the stress of the bottom sheet con-
centrates on the contact area between the rivet foot and the lower sheet. The results of numerical simulation and

self—piercing riveted test are in good agreement. The relative error between simulation and test values is less
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than 13% , which meets the requirement of engineering design accuracy. The self—piercing riveted joint has good

static tensile property and fatigue property. The maximum load of static tensile test is about 7.6 kN. The upper

sheet warps and the rivet foot is pulled out from the lower sheet under the tensile load. The fatigue limit is about

2.3 kN under experimental conditions. In the process of fatigue loading, the aluminum alloy suffered fatigue fail-

ure under the combined action of fretting wear and tensile stress.

Key words: numerical simulation; self —piercing riveting; aluminum alloy; high strength steel; static tensile

property; fatigue property

Citation format:ZHOU Z J,HUANG Z C,Li S J. Numerical simulation and experimental study on self-piercing
riveted AA5052/SPFC440 dissimilar metals|J]. Journal of East China Jiaotong University,2022,39(4) .84-93.

K EH R 4 2 A R 120, 4 5
AR B ARk D R RCHE R i TS
Yl i T A S ME AR TSN
MR AE 45 B I, S B v SO /A 1) 3 AR A
RVl B T ARG W) SR TR A 4R e
FEB TN Y R K P AR R B BIAR R
P shom A B FE B AR OB BOE - TR B = A
R BE RGN AR AR B OE Y [ b
(self—piercing riveting, SPR) 4 T. 28 F T 40/8 4+
i, Horp qop g T2 R s AR R R R R 1 —
A 5 B0 L% R ARORH Y = S ML 5 0 %07
AT XSRS /N O RER G T AR TG R
MCREAE MM 75 | R RORS G 500 R0 4 700 AH 25 55 1% 2
PR R 3 A T T R DA B S A A Al b R
Z ]
IEAERAR 2 L R AR R T X 6/ A v il
MIBESE , Han ZE90F5E T IRJEXT NG5754 HIAAS5182
A4 SPR 423k i 152 | ke IR J2 I AF 16 2 5
e 422 3k JoT it o Ma S50 SY T BT RIS H4H 5 % CR4
B4R AA6061-T6 554 4 SPR 4223k B 45 Pk RE AN ) 2%
PEBE Y 52 0, & B 1Y) BT R R I AL T L
SRR o Bang 5SRO FIBE 45 2 AR AT SPR
AW A356-T6 434 4x 5 SPFHA40 B4k 17 1% #% ,
RIS R B B v TR LR B . Zhao
SRS T bl X AA6061 454 4 F DPS90 4K
SPR %3k PERE Y521 |, & IEAIR 3 o i v] DLREAIR SPR
F2 3 1 9% 55 754 o Deng S55F & 1 —Fh# B SPR
T 7k TM3% AA6061-T6/DPO80 3k tEfE, KLk
IR LLARAS TE B H3k . Zhang SEUYXT R/
B4 SPR $2 3k 1) w0 25 B A R 55 5 B EA T T ORIFSY, &
PR BE 3 A0 M BE B 8, SPR. 42 3k 19 F7 2 1k fiE T 9%

I RERA AT HE 5 . Abe SESIXT JSC780 /AA5052 it
137 SPR ¥, i o b g i 7 HE i A7 R A0
FESK SR | Jia 2509 DPS90/AA6061 F) SPR 423k %
57 R EAT TWFIT, K B/ IN IR 30 B8 45 T 2 SPR
F2 3 9% 57 754, 7K AR FEBESE T B15S00HS £ il
AA5052 $56 4 SPR #3k J12a kg, A iRAE iy
55 7 i W 28 A 7K T 1 185 KT VR0 | Bl 7 B R 3 K
MR, 8 T SPRC440 X F 5052 454 4
SPR #3k 77 2# M BE RS Dl Mk BB AT B9, A I 4
A 1 R L T e Sk MR B 4 3k s OF
RS B 500 AT DA ey 4 Sk v B AR LA T vk, R e
A Sl A XA R S AT R A AR
AL1420 FEEEFIAR Q215 HE4T SPR ¥, 0 #1 T #%
S P R R R R G L AR BT T ANER TR A
Jei MR Y SPR 423k MERE AN AR s, Ik SPR
RSN IR A R AR R R AR L e B PN
AA6061-T6 FIXUAHA DP590 ¥E4T SPR 4%, Wit
TEAE G T 5T T B0 S O 2 S MR B I 5 1
FEEAR SR 0T T 280147 SPR 3223k A TR A5,
IR T IS HOS B SR AR T e e R i B
SRS T 45 R X DP590 M 5 AA6011 54
Gt SPR 53k 52, TA Sk 25 48 e X 42 3k 0 2E Mg
ST T X 2 SO B A S, S P AR
THAME SR kLRSS T EMmAT %,
BT T SPR T2 WA, & 7 m SPR £2:3k i
M EETZBH

AR SCH o BB AR AU S 3 6 A 25 A 1 T o A
2.5 mm J& AA5052 &4 5 2.0 mm J& SPFC440 5
SRR SPR .25, el ook P A 56 9 55 3 50 F 5%
HAEE BT ,AAS052 45 4 4 1 SPFC440 & 53
Y SPR 42 3k i P A M R L 55 PR fE



86 LI R 1 N

2022 4

1 HEEHY

1.1 BRTESR

i i ff F Deform—2D 43 PR G #4441 SPR 8
PEROE 1 T 200 R, 3 S R 45 SR R A7 40 B F
FNWE, AT DL il 2 T2 05 56,1 A0t ) AR K
A 3 i S A B B IE T2 S A A K HeE sk R
AR, SRR B DL AT R S g
Ma o G3hb, T LAHESS 23 A BT T ARk 8 I g 43 A 1
I NS TTRIEE D S N R VA 3 &1 = )
ROV 3 Hz S T X B, e LA 172 B RS R4

Blank holder

Upper sheer

Lower sheet

B1 ARTHEDR
Fig.1 FEM model

L, ARRITEALIE 1 R,
1.2 #EUSHIRE

XA AR AT S . R T MR
fii FH Simufact #0045 M B & U4 F R AOREH, -
Woh BG4, AR R AN, #5144 KA Henrob-
H4 Bl L3N 1 L4 Sk S5E s )ik & A
5 T 1R AR B 20 CIRBEIR A ; % i B
Bl LA OC R 5 H 3hE SO R4y Hp 7
AT BIRE 2 A B AL AL I A% Rl 3 1 B B0
2 EHEABER
21 HERUMERSLHR
211 HMHERUE SR

MR 2 A a2 fEnT L& B, B b0z e
R B, bR AROREE Sl s i B R AR M
BEE BT S BB fi (18] 2 (a) ) BET 7E #h 3k
JTWIAE R A AR, PR 2 ARORHE BT A IR Y
YER T 28 & AT (B 2(b)) ; BVET E 300 28 1 AR
Je Ak AE b S AE R 0 R AT AR, T Aok PR AR
JEREEESE N (] 2(c) ) s BT IR AR AE T A vl b A=
Pk, HREEIE SR (E 2(d)), iTLAE 1,
TE A wp I R 2 5 SET A ARCEDE LR A
ik,

(a) Clamping stage

(b) Puncture stage

(¢) Deformation stage

(d) Forming stage

B2 BrhgEdE
Fig.2 Self-piercing riveting process



5 430

JAEEA 45 - AAS052/SPFCA40 53 43 Jm 1 e B0 H (A 400 B il 30 F 90 87

2.1.2 N Si53

] 3 kg 80432 58 1 JE ST S 80 1 A AR L . A
[’ 3 Ha] DLE e KAERON 710 2 223.21 MPa, £
B PRAEANET IR bam i, O HENET b Sl [R] B
A S A R TR RT DL B BT A Gk
FEo IR T MUY 5 S AR ) BET P
., TRV BsE A A4 6E B e 1] S0 S0, 5 0T Sk 8 0
AW ILFERT , S EAEIET IR Lo = A 4K
IVWAE LN

Effictive stress/MPa
1731.91
1559.17

1 386.43
1213.69

1.040.95
868.21
695.47
522.73
349.99
177.25

451
Max:2 223.21
Min:0

B3 TSR E
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Fig.5 Equivalent stress diagram of lower sheet
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Tab.1 properties of materials

. Density  Tensile strength  Conditional yield
Material
/(kg/m?) /MPa strength /MPa
AA5052 2 680 200 90
SPFC440 7 826 440 305
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Tab.2 Comparison of simulated and experimental data

Index Actual value /mm Simulated value /mm Error /%

L 0.31 0.35 12.9
W 0.77 0.79 2.6
D 6.82 6.58 35
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