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Abstract; In order to investigate the influence of upper plate thickness on the mechanical properties of self-piercing riveting (SPR) be-
tween HC340/590DP high-strength steel and AlSi;;MnMg die-cast aluminum alloy, the elongation of AlSi,jMnMg die-cast aluminum alloy
was improved by heat treatment, and then riveted with HC340/590DP high-strength steel of different thicknesses, and the mechanical
properties of joints were tested. The experimental results show that when using the T7 heat treatment process, AlSi,;MnMg die-cast alumi-
num alloy has optimal riveting formability, with an elongation of 19% , which is 72% higher than the as cast elongation (11% ). During
the riveting process, the pressure of the rivet piercing the upper plate increases with the increasing of upper plate thickness. When the
thickness of upper plate is 0. 8=2. 0 mm, the failure load of SPR joint first increases and then decreases with the increasing of upper plate

—1.024%+ 3.41x-0.57

thickness, and has the functional relationship: y=e . When the thickness of upper plate is 1. 6 mm, the SPR joint has the

maximum failure load (9.8 kN) and the maximum energy absorption value (31.7 kJ).
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Table 1 Process parameters of heat treatment
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Fig. 1 Schematic diagram of AlSi; MnMg die-cast aluminum alloy

tensile specimen
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Fig. 2 Schematic diagram of SPR joint

N T REG BT YT A e AR Ak R AR
M= A, 7 B SR I o I f5 i 1Y) B
FEAAE (1 2), it J7 REJ1 2+ SE R WL SPR 453k
AR 72 A R BEREA T, PEAEART 2 mm - min™',

2 LBERETE

2.1 EHEGERGESN
RS FLIRA T AlSi, MnMg FEF555 4 4 19 77



102 B E

/N 548 4

SPERE AN 3 Fron, M 3 ATLLE H, 8 Al
Si  MnMg G 4 MPTHI SR EE Ry 272 MPa, fifik
RR 1%, 17 TS PACH G, Podr sk R T+ =
305 MPa, fHEKZEEA W/, H 10%, #17 To kb
HRJG, PUBLEE R IE R /INE] 206 MPa, SR 5
KIFHRTEE 17% ., 5 To HALBEA L, T7 AP 5
) AlSi,,MnMg M550 G 4 PR B AP S35 4
FRAETE, 439k 212 MPa 1 19%, K T /N Al-
Si, MnMg H 8R4 7 902 OB 3 B v & 2R 241
S, BB B AR 255 5 IR

B i e ERE, X RREIEE Y ALSi  MnMg [E #5450
B e EEEAT T7 $Ub B
350F  Ee
ik {25
300
L 250t I 120
=™
S 200} I 15 2
= M
B 150 I . w
2 110 &
100
sof 13
0 0
A T5 T6 T7

PRy GEE
3 R[FEHKEHERZS AISi  MnMg JEEG4E 44 1Y 124 Mg
Fig. 3 Mechanical properties of AlSi;,MnMg die-cast aluminum

alloy under different heat treatment conditions
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Fig. 4 Riveting pressure-displacement curves of SPR joint with different

upper plate thicknesses
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Fig. 5 Section morphologies of SPR joints with different upper plate thicknesses

%2 AELEHEER SPRZELHHEESE (mm) RERE WS P e T He Sk I ie 22 i RE i
Table 2 Section parameters of SPR joints with different upper X SPR. 453 [ 2 10 — o7 A% il 28 647 FRL40 1T 2K A5 iy 4

plate thicknesses ( mm) . . e - . -
AR R RE RO, 18 7 S AN ) b )2 A 5 B I

FEREE EESE  AESE ke JEYIE N
0.8 0.94 0.82 -0.27 1.19 SPR Tﬁ% El/‘] HEE[&L&TEQ %LE*&EE% 0 8 iﬂ]
1.2 0.71 0.61 0 1.35 1.2 mm B, BYUIHL M R o SPR 23k (19 RE & U
i;‘ 82 gjj g i;j (BT, 25009 17.4 01 19.5 k), 4 1 J2HURJE Yy
50 0.50 0.42 0 |38 1.4 F12.0 mm B, SPR 42k aE = WIUEY] /N T
] HAb A, 23k 8.1 F1 7.7 kI, 4 FEWREE R
y=e™" (0.8 <x<2.0) (1) 1.6 mm B, HLAERWOREE A, H31.7 kI, Af
y=e MO0 (0 8 < < 2.0) (2) F A 1 2 T T 63%,
A,y WRREEAT; o W EEWUEE; a, b, ¢ H 3k BT DI NI BE sz e 1 T B U1 R AR AR I 1
T fedy, XS & 6a H Y BY DR ZE I AT Ak
12 1
1[5 9% mm . T
10F —a— 1.4 mm 10F LA 2L
9t—»— 1.6 mm
g[—+—2.0m 9
=< 6L iE
4l K P
3L 6F a -0.56975+0.72512
N b 3.40998+0.9227
c -1.01739+0.29785
1L 5r Rz 0.9973
of 4 . . . ) . . Radgj 0.9946
0 1 2 3 4 5 ‘%)‘6 08 10 12 14 16 18 20 22
£7#/mm B S /mm

(@ (b)
K6 AR EEERER SPR 3k 15T LI hr i 5
(a) BAF-frRmige  (b) SRBETT
Fig. 6 Shear tensile results of SPR joints with different upper plate thicknesses
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thicknesses
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Fig. 8 Shear stiffness curves of joints
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