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Influence of lower plate thickness on single lap shear strength of joint in
steel and aluminum self-piercing riveting

Liao Pinxiang, Lin Jianping, Min Junying, Qi Chengwei
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: For single lap shear joints of CR590 steel/AA6022-T4 aluminum alloy and CR590 steel/S-6000-1H aluminum alloy, the influ-
ence laws of the lower plate thickness on the single lap shear strength in steel and aluminum self-piercing riveting (SPR) joint was studied
by finite element simulation. Then, finite element simulation models of the 2D self-piercing riveting process and the single lap shear
strength of 3D self-piercing riveting joint were established respectively, and the accuracy of simulation was verified by the failure mode and
the load-displacement curve through the self-priercing riveting joint experiment. The results show that when the thicknesses of lower plates
with AA6022-T4 aluminum alloy and S-6000-IH aluminum alloy increase from 1.2 to 3.0 mm, the shear strengths of SPR joint increase
from 3.7 and 2. 8 MPa to 4. 5 and 4. 2 MPa, and then tend to be stable. Furthermore, the influences of the thicknesses of lower plates for
different aluminum alloys on the key dimensions of SPR joint (undercut amount, residual thickness and vertical interlock value) were
studied, and the influence mechanism of the lower plate thickness on the single lap shear strength of SPR joint was revealed. It is found
that for the two SPR joints, the residual thickness of joint increases linearly with the increasing of the lower plate thickness, but this dimen-
sion does not affect the locking performance of the rivet. However, the undercut amount remains 0.5 mm with the increasing of the lower
plate thickness, and the vertical interlock value increases linearly with the increasing of the lower plate thickness. When the thickness is lar-
ger than 2. 0 mm, the vertical interlock value remains basically unchanged. For S-6000-IH and AA6022-T4 aluminum alloy lower plates,
their saturation values are 1.2 and 1. 0 mm respectively. Thus, the locking degree of the rivet and workpiece material increases first and then
remains unchanged with the increasing of the lower plate thickness, so that the single lap shear strength of joint also exhibits this change law.

Key words: self-piecing riveting; dissimilar materials; single lap shear strength; thickness; joint

B AT R AL R H g it &, R4 B B0k e i R R LAY 20K,
MR G PR AR . SR Bt 7245 il

KRB 2021-07-15; EITHH: 2021-10-19 - So s [1-2) . N,
=] N . / H
EF/A: BEH (1997-), B, BLH5OE Lqﬂﬁ%jﬁﬁaii{z N .M‘FEET@ ?”Z'j#
E-mail: liaopx3008@ 163. com FMRLBER A ® R H P IEE (Self-Piercing Rive-
B WET (1958-), %, ML, #% ting, SPR) fFEA—FhICH WM LA EZ T2, N

Bemail: jplinSS@ ongi. edu. cn HETY . W . RS, X b

YoM N g

7

vk 3 (D 1257 9 A 2 4 B A T



RIS H bSO BT 47 2w (D) B Tl

146 B

kO OR

A7 4

PEICELR H BT $ i 0 42 3 5 3 D R A G 1) 992 5 1
RESEO 5, B 32 I T80/ 40 A R G 8 2 v )
HAw, EWNA 223 EET RS BET bRk o i
PR R, g e (TR R
TEJRAE) | JRBIRE DL K AR R SE X 452 3k 24 1 fg
MR T T8 2 mraE e, o R o IR % 423k
ST RAERERYSE M O B B, TR ARJEEE XS A o
Bk R R 0 R e R H AT R B, R [E 2R
XEAS R TSR ES S, PRIAS SORE LI/ 88 S fbr
BHHA ARG, R T REEEXT 3 ik
FRAE BT B B LI

BEXT AR X AR Sk R, Li D Z 4§
T T ET IR G 422 3k 5 B m s, 2 AT DA 2R
A ENET TEON L AR v] DLRAS R I i, A
A LAZRAS B e A A DY VI . Mucha J° ) A BR
TUAJT EA TS 4 FhON R E0ET AR o2 o A
17 THE9E, RILENET 5 HA 2 18] () J e 5 BE LBk,
PETR SR FF AR R, WM EE K, Li D Z
GG R, kR A b O R R T A4
Ty n, (R Sk Y B B U5 B A Bl 2 Y,
Abe Y 2N PL Je Stephens E V 2 Xt Ean g . Hhm
WA A &2 MW A spah e b fT T, 4558
KI, ReAhd HAHE AR T 4k EE AT AR
L RSB VIR A, NI FEAR SO, 8
B E Tk L2, FEeRE THLTENZ
BIFHEATIISE,, a8 ST T MR SF Xt 3 nh )
Pk B RZ I, RIS/ INAY U RS T DL AR A B K
MIEERICUIEE . BE X ARA R R X 23k 0 2= M g
MOSEmA, Li D Z 25030 % BT T AA6008 454 4x il
AAST54 B8 A WIE RSk, T MRUE BB Sk R
SY PR BE K 5 25 0 R N i 2, T Zhang
CY &' DS A4 /DP A0 [ rhal 42 3 hiFoT
X5, RINE DP ANE T AT, REE T ARJEEE &
SR EERIEIN, Sk RS BT D)0 T T

AT ARG INAER B 4R, FEKRENARET
MR RE T R4z 3k OB RS DL i BEHOHE , DRI AR S
KA BRools BT Boo gt A r ik, AH L T 505
BEHMAT . ma, XA rhE A R ool &,
ENIMF Z 2B AT TACHESY, R T A BR Tl
FLHERR A DL SR 0 BB R AT B ST R P AT
Cacko R""di i} MSC. Marc 3k £4:%F 1020 4K [ wh a4
HRRIAT T A Ry B, 845 R i o =
PRS0 T 2k SRR B U R G R, R B
17 BL3E AR I A AR 05 v DU AT L3R 5 A R Ty B

K% Porcaro R 2160 D) K2 Moraes J F C 217 2331
XA G I Sk Ll K AM60B B 45 452/ AA6082
A H ISk T T SR R L, R
Ko R P i R | AR T S B R K B
AR PR A BROTO ELRORE R, R, O TR
SEAERA T = 80 I R RO A BR T AR
W E WA R 2D BRI B 2F i i R E AT A
BRIT U5 FLARAH B DX R BB T, Bl R 45 2R e e
BN, DR ER X AR R ) | WS T
E AT R F . AR SCR R R AL AP O7 =, R
CR590 (JEEEHN 1.1 mm) WA EAR, MR &
GA R (AA6022-T4 J S-6000-1H) 14 F 4k, F
H Simufact Forming 14. 0 A FR IG5 B #AF 347 H b
B 2 AR S B BT VR O R B L, B
XN ARUEE BEXT b B0 4 Sk T RO B9 e 4T B
9%, LT UL R T B JEE T SR BY )5 B 11 5 i AL
M

1.1 ##

AR SCHER A L VR FLEE FE AR AR CRS590 (R
J9 1.1 mm), S-6000-TH 4 & & W ()2 FE K
1.2 mm) . AA6022-T4 Fi&4H (JEEN 2.0 mm),
Sy T g ST AR A BR DT SRS 435I 3% ) Hol-
lomon A4 5 FE (K (1) ) 5 Johnson-Cook i
SRR (X (2) ) xR RE AL AT R A A
AT RIEATHER o LA S50 3R AT 1 S AR A L )
SEVERE MRS B, Wk 1 FToR, BAT MR R
37Crd BB, 28 AR ATAY Hockett-Sherby A5 #4120
(X (3) ) RHER Iy, WAEKR, FIHES LR
RAEA R 2 pe SRS E, W5k 2 FoR,
TN 2F 7 L T S RS BT 1R B AR N K BT
TR 8, RS SCTC T 25 JEANET Bk 1) W7 24 A5
A

o=K-¢&" (1)

K. o AMBHSIN J1; e IM BRI RN AE; K
Rt R 0 AR SR,

5f=[D1 +D2'eDﬂ:| (2)

K o WEERMWTRLN A ; n I ) =4, B

IKRE ST GEERN 2y D, ~D, RIS 8,

c=B-(B-R,)-e " (3)
A e APPRIRVIBYERAZ s R, AR R



5573 BEGRAAE T RS B R Sk P B L) ) S 147

F1 BERMBAFEEREERSY
Table 1 Mechanical properties and model parameters of

substrate materials

PRPERD Prbiag JEiREE K/
) DS LR W DD, D
H/GPa Ji£/MPa Ji/MPa MPa

CR590 #§ 198 621 369

S-6000-IH
67 220 120

999.4 0.174 0.70 0.50 5.00

409.0 0.231 -0.77 1.45 0.47
Had

AA6022-T4
67

272 159 449.6 0.184 0.30 0.54 2.28
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Table 2 Mechanical properties and consitutive model

parameters of rivet materials

HPERL BBk

W R./MPa B/MPa m  n’
m/GPa & /MPa

37Cr4 0 210 1700 1555.3 1762. 3 51.2 0.80
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Fig. 1  Dimension schematic diagram of single lap shear joint
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Fig. 2 Dimension schematic diagrams of rivet (a) and die (b)
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Table 3 Material combinations for SPR joints
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Fig. 3  Establishment method of FE simulation model for single lap shear failure process
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Fig. 4 Schematic diagram of FE simulation model for 2D SPR process
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simulation and experimental results
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Fig. 6 Schematic diagram of FE simulation model for

3D single lap shear failure
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Table 4 Material parameters and thicknesses of lower

plate used in FE simulation

TR K/MPa n TR/ mm
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Fig. 9 Changing curves of single lap shear strength for

joints with thicknesses of lower plate
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Fig. 12 Riveting process for SPR-B under thickness of lower plate of 1.2 and 2. 0 mm
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(a) Workpiece pressed to bottom of die
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