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Abstract

This paper is concerned with the influence of the plastic property of the rivet on the numerical prediction of the Self-Piercing

Rivet (SPR) Joining. In order to predict the plastic property of the rivet, a ring compression specimen was directly fabricated

from the rivet used for the mechanical joining of dissimilar materials, and the FE analysis together with the ring compression

test was iteratively carried out by changing the plastic property of the rivet. For reliable FE analysis, a friction coefficient was

estimated based on a friction calibration curve, measuring the reductions in inner diameter and height of the ring specimen after

the compression test. From each simulation result, the force—displacement curves were then compared from each other so as to

obtain the rivet plastic property that shows good agreement with the experimental result. The SPR joining between GA590 1.0t

and Al5052 2.0t was conducted, and the numerical prediction was performed with the use of the plastic property evaluated

based on the inverse analysis and the one referred from Mori et al. [11]. Comparison of the experiment and the numerical

predictions in terms of the interlock and bottom thickness revealed that the reliable evaluation of the plastic property of the

rivet is necessary for the trustworthy numerical prediction of the SPR joining.

Key Words: Self-Piercing Rivet, Multi-Material joint, Mechanical Joining, Finite Element Analysis
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Fig. 2 Engineering stress—Engineering strain curve: (a)
GAS90DP 0.8t; and (b) A15052-H32 1.2t

Table 1 Mechanical properties

Young’s Poisson’s Yield UTS
Material modulus ratio strength [MPal]
[GPa] [-] [MPa]
GA590DP 177 0.3 373 650
Al5052-H32 63 0.33 190 253
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Table 2 Model parameters of the strain hardening

models for the target materials
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Table 4 Parameters of the Hill’s 48 yield function for

Al5052-H32 1.2t

Swift parameter Voce parameter
Material K £ n A B C
[MPa] [-] [-] | [MPa] [MPa]  [-]
GAS590DP 0.8t | 1061.8  0.003 0'917 760.5 3442 19.5
0.17
Al5052-H32 1.2t| 419.5 0.011 4 288.1 96.3 235

A15052-H32 12t A2 A5, oA H7IE 94
7 akg 00, 45°, 90°) W r-value & F7G3H3IT)
24 ]?}%}H 7 &tell rvalue = 2 (3)F 2ol F
L gol MYER Hoghd 4 glon, B AFd
1t DIC system = &3l A[{tel w& WYPE o
H7tste] rvalue & AT AES E3
r-value #3822 Table 3 ol #1433t}

=t S 3)
det dey+de;

Table 3 r-value and yield stress of AlS052-H32 1.2t

according to the loading direction

Loading Direction r-value Yield Stress
[°] [-] [MPa]
0 0.54 189.94
45 0.66 177.28
90 0.83 177.65

714 de,, de, de, = F, Aol, T Bake] WE
Aot} Al15052-H32 1.2t 2419 &4
d& Hill's 48 IF5FTE AMEste] 7l=sksich
Hill’s 48 oA 35gre= 2 (4)9F o] o=
FEgF AFge A 5)E S8 Axtsit. g5
Sk Hill’s 48 &53H2] 7

9,

Z=H O
o=

. o mu &

4

g= \/(G + H)o% — 2H0yx0yy + (H + F)a, + 2NoZ,  (4)

_ To _ 1
F= (1+4719)790” G = 1+79 (52)
H = To N = (2145+1)(rg+790) (Sb)

1+1y’ 2190 (19+1)

AlS== Table 49 | A5t}

F G H N

0.4266 0.6473 0.3527 1.2445
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Fig. 3 Specimen fabricated from the rivet for a ring

compression test

Table 5 Dimensions of the ring specimens (Unit: mm)

Outside diameter | Inside diameter Height
Specimen
[D.] (D] (4]
#01 5.38 3.42 2.04
#02 5.40 3.40 2.12
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Fig. 4 Evaluation of the compressive displacement using

the virtual extensometer of the DIC system
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Fig. 5 Load-Displacement curve obtained from the ring

compression test
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Table 6 Reduction ratios of the height and inner diameter
after the ring compression test

Height reduction ratio Inner diameter reduction
Specimen
[%] [%]
#01 5.88 0.88
#02 15.57 1.47
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Fig. 6 Assessment of the friction coefficient of the rivet

from a ring compression test [10]
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Table 7 Rivet properties predicted based on the inverse

analysis
Voce parameter
E Poisson’s gy
A B C
P i MP:

[GPa] ratio [MPa] [MPa] [MPa] 0]
173 0.3 1065 1520 455 95
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e Sl ==% gl 24 E/4S Table 70 e}
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Fig. 8 Comparison between the flow stress curves of the
rivets used in the FE analyses
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Fig. 9 Specimen Dimension of the fracture test: (a)
Center-hole; and (b) In-plane shear specimens
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Fig. 10 Fracture strain of GAS90DP 0.8t according to the
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Table 8 Coefficients of the fracture model for GA590DP
0.8t

k £ n b c

1061.75 0.0029 0.179 1046.740 0.157
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Table 9 Comparison between the FE analyses and the
experiment in terms of the interlock and the
bottom thickness

Rivet plastic property
Comparison factor Experiment Inverse Mori et al.
analysis [11]
Interlock [mm] 0.670 0.644 0.523
Bottom thickness [mm] 0.466 0.450 0.360

Interlock

(®)
Fig. 12 Comparison of the cross-section between the FE
analysis and the experiment: (a) Experiment;
and (b) Simulation
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Fig. 13 Comparison of the FE prediction using the rivet
plastic property based on (a) the inverse analysis
and (b) Mori et al. [11]
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