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Abstract

Self-piercing rivet(SPR) is mechanical joining methods and which can be joining dissimilar materials. Unlike
conventional riveting, SPR also needs no pre-drilled holes. During plastically deformation, SPR pierces upper
sheet and joins it to under sheet. SPR has been mainly applied to the joining the automobile body and some
materials, such as glass fiber reinforced polymer and aluminum alloy, which represent the sheet-formed
materials for lightweight automobile. Glass fiber reinforced plastic(GFRP) has been considered as a partial
application of the automobile body which is lighter than steels and stronger than aluminium alloys. It is
needed SPR to join Al alloy sheets and GFRP ones. In this paper, in order to design the rivet and anvil,
which are suitable for GFRP, the joinability was examined through simulations of SPR joining between
GFRP and Al alloy sheets. For this study, AutoCAD was used for the modeling and the simulated using
commercial FEM code DEFORM-2D. The simulated results for SPR process joining between GFRP and Al
alloys were confirmed by the same conditions as experimental trials.
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Table 1 Joining conditions

Upper sheet / thickness Lower sheets / thickness
(mm) (mm)

GFRP 2.0 Al5052 2.0
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Table 2 Tensile test results of SM45C

Hardness of |Tensile strength,Tensile strength, Elongation
specimens Yield [MPa] |Ultimate [MPa] [%]
HV 350 682 982 15.7
HV 450 1490 1695 7.65

Load
—— ___Glass
e fiber
L1y )

(a) Specimen 1 (b) Specimen 2

(c) Specimen 3

(d) GFPR specimens for tensile tests

Fig. 1 Orientation of glass fiber in composites materials
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Table 3 Specimens of GFRP sheets for tensile test
Orientation of .
glass fiber in |Width [mm]| Length [mm)] Thickness g g
. [mm] g g
specimens - -
1 (0°) 12.55 132 1.15
2 (0°+90°) 24.10 122 2.50
3 (90°) 24.05 131 1.15 (a) RIVET_1 (b) RIVET 2

Table 4 Mechanical properties of GFRP sheets

Orientation Modulus of|  Tensile Tensile '
of glass . strength, |Elongation
. elasticity strength, .
fiber in [GPa] Yield [MPa] ultimate [%]
specimens [MPa]
1 (0°) 36.98 740.15 1318.23 4.66
2 (0°+90°) 22.57 290.14 569.01 3.53
3 (90°) 10.46 50.25 62.50 0.72
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Fig. 2 Initial drawing of rivets
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(a) ANVIL 1

(b) ANVIL 2

Fig. 3 Initial drawing of anvils
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Fig. 4 Method of measurement for the simulation results
of self-pierce riveting

Table S Boundary conditions for FEA

Item Simulation mode Velocity of punch Holde.r l.oad Temp Srature Friction factor
(mm/sec) (N limit) ©
values Axisymmetric 7 Hydraulic press 500 20 0.12
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(a) HV 350, Anvil _1(convex) (b) HV 350, Anvil 2(dome)

| ]

| VI

(c) HV 450, Anvil 1(convex) (d) HV 450, Anvil 2(dome)

Fig 5 Simulated results for rivets-5 mm

X 1.47071

(a) HV 350, Anvil 1(convex)

(b) HV 350, Anvil 2(dome)

(c) HV 450, Anvil 1(convex)

Fig. 6 Simulated results for rivets-6 mm

- Hasla]#] 4338 A23, 20159 4€

Table 6 Joining simulation results(Rivet Smm)

HV 350 HV 350 HV 450 HV 450
Anvil Anvil Anvil Anvil
(convex) (dome) (convex) (dome)
Xi 0.950 0.953 0.512 0.480
X, 0.312 0.429 0.138 0.229
Y 0.326 1.456 0.389 0.900
Y, 0.301 0.869 0.065 0.575
L 0.952 0.791 0.225 0.282

Table 7 Joining simulation results(Rivet 6mm)

HV 350 HV 350 HV 450
Anvil Anvil Anvil

(convex) (dome) (convex)
Xy 1.471 1.543 1.234
X, 0.805 0.685 0.849
Y 0.526 1.359 0.428
Y, 0.350 0.903 0.250
L 0.736 0.600 0.120
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Fig. 8 Comparisons of experiment results with simulated
results for a joining condition of GFRP and
Al5052

Table 8 Analysis of joining simulation results and join-
ing experiment results

Joining
Rivet considers of Xi | X | Y | Y L
sheets (mm) | (mm) | (mm) | (mm)| (mm)
Ré\(]Egg(Z)_ GFRP-2.0 mm
(simulated and Al5052- | 0.64 | 0.22 | 0.36 | 0.08 | 0.25
results) 2.0 mm
A 5o~ |GFRP-2.0 mm
(experiment and Al5052- | 0.51 [ 0.14 | 0.31 | 0.06 | 0.22
results) 2.0 mm

3 Algdelde] AfoldlM HIZE ST AZEn. ut
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IE 71d & 5 e Aot
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(a) Top and bottom views of Specimens before shear tests.

(b) Top and bottom views of Specimens after shear tests.

Fig. 9 Specimens for shear teats of self-pierce riveted
zone

Fig. 10 Shear testing for self-pierce riveted zone of GFRP
and A15052 sheets
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Fig. 11 Plot of loads versus displacements for shearing
tests of self-pierce riveted GFRP and Al5052
sheets
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