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ABSTRACT: This paper aims to investigate the process and mechanical properties of Carbon Fiber Reinforced Plastic
(CFRP)/Al electromagnetic riveted joint under different process parameters. The @5 mm 2A10 aluminum rivet, T300CFRP with
thickness of 2.0 mm, and 1.8 mm of 5182 aluminum alloy were riveted by electromagnetic riveting technology. The microstruc-
ture and mechanical properties of the joint were tested by metallographic microscope and universal testing machine. With the
increase of the discharge energy, the height of the riveting head decreased and the diameter increased. Specifically, when the
discharge energy increased from 4.0 kJ to 5.5 kJ, H/H, (head height/rivet overhang) decreased from 0.36 to 0.17, while D/D,
(head diameter/rivet diameter) increased from 1.25 to 1.68. The metallographic results showed that the three types of riveting
heads (D/Dy=1.4, 1.5 and 1.6) had adiabatic shear bands (ASBs). The upper shear zone was more obvious, while the lower shear
zone almost disappeared. What's more, the ASBs became more obvious with the increase of D/D,. The mechanical properties
test results showed that with the increase of D/D,, the shear performance of CFRP/Al electromagnetic riveted joint became

beneficial. The riveting head of D/Dy=1.6 had the maximum shear force. The optimum process parameters of the joint were dif-
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ferent under different performance indexes. The discharge energy of 5.0 kJ (D/Dy=1.5) was the best process parameter when the

microstructure indexes of the joint were considered. The discharge energy of 5.3 kJ (D/Dy=1.6) was the best process parameter

when the shear performance of the joint was considered.
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1 ﬁtgﬁ AGS80 T300
" Resin transfer molding RTM
1.1 1;71-71-4 2.0 mm 40%
D5 9 0.2 mm
mm2A10 0°/90°
5182 1 1.76 g/cm®
T6 T300 230 GPa 3530 MPa
5182 Al-Mg-Si 780 MPa 65 GPa 0.2 mm
40%
1 2AM04RAEETHN 5182 T6 SR WA MBS H
Tab.1 Material parameters of 2A10 aluminum rivet and 5182 T6 aluminum sheet
/(g-cm ) /GPa /MPa /MPa (HV) ( Y%
2A10 Si=0.25 Fe=0.2 Cu=3.9~4.5
2.7 73.8 0.33 250 400 102 Mn=0.3~0.5 Mg=0.15~0.30
Zn=0.1 Ti=0.15 Al
Zn=0.25 Cr=0.10 Si=0.20
5182 2.8 70 0.33 150 225 75 FeT0°033 Mn=0.20-0.30
' ' Mg=4.0~5.0 Ti=0.1
Cu=0.15 Al
1.2 RHFEH 1.3 RWIEZHF
2
1 48 kJ 16 kV 6
140 mmx40 mm 2.0 mm 66 pF E
1.8 mm C U 1
|
E==CU 1
5 (1)
QJ
782A—2005 @5 mm 2A10
10.0 mm
@5.1 mm
1500 r/min
1.5 mm/min
o 240 -

Fig.1 Schematic of specimen dimension

2
Fig.2 Electromagnetic riveting equipment
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Fig.3 Electromagnetic riveted joint with different discharge energies
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Tab.3 Relationship between discharge energy and joint size

/kJ

40 43 45 46 47 50 52 53 55

D/D, 125 130 1.35 140 1.43 150 1.55 1.60 1.68
H/Hy, 036 032 029 027 026 025 022 020 0.17

3
D/D,

1.25 1.68

QJ 782A—2005

2.0~2.8 mm

1.4~1.6

0.20~0.28

5.0kJ

4.0kJ

H/Hy, 0.36

D/Dy

5.0 mm
7.0~8.0 mm
H/H,

5.5kJ
0.17

4.6~5.3 kI
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4 3
Fig.4 Microscopic of heading section of the joints



42

2021 7
3 2.5~9 mm
D/Dy=1.5 5.0 kI
DID, 3 4
D/Dy=1.6 D/Dy=1.4 1.5 1.6
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N Tab.4 Maximum shear load of threetypes
0~0.5 mm 3 of joints: D/Dg=1.4, 1.5 and 1.6
2 D/Dy=1.4 D/Dy=1.5 D/Dy=1.6
0.5~2.5 mm 3 3.63 4.02 4.85
2.5 mm 3.55 4.29 4.93
5b 3 3.65 425 4.98
3.61 4.19 4.92
51 —0— D/Dy=1.4
—o— D/ID=1.5
4 —A— D/Dy=1.6
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o
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Fig.5 Shear test results

b D/D=1.5

¢ D/Dy=1.6
6 D/IDy=14 15 16 3

Fig.6 Typical shear failure modes of the joints
with D/Dy=1.4, 1.5 and 1.6
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