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Abstract

In this paper, by means of numerical simulation, the equivalent strain cloud images and interfe-
rences of electromagnetic riveting with different groove forms, different diameters, different up-
setting head forms and different discharge voltages are analyzed. The interferences of the joint in
the form of double notched nests are better than those in the form of single notched nests and on
notched nests. The variation trend of the interference is almost the same for different diameters of
bottom hole. The interference of boss upsetting head is better than that of conventional drum up-
setting head. The interface increases with the increase in discharge voltage.
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Figure 1. Seal riveting diagram
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Table 1. The parameters required for the material model
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Tk % E (g/em’) LN JE R (Mpa) FPEAY i (Gpa) D)KL (Gpa)
2A12 FAHL 2.8 0.33 315 68 26.9
ZL114A % 2.685 0.33 275 71.7 26.9
LY10 94T 2.66 0.33 243 71 26.9
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Figure 2. Schematic diagram of finite element model
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Figure 3. Schematic diagram of measuring position of rivet interference
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Figure 4. Riveting specimen drawing
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Figure 5. Diagram of interference between simulation and test
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Figure 6. The equivalent strain cloud map of electromagnetic riveting joints with different notched pits in di-
ameter of 4 mm
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Figure 7. The equivalent strain cloud map of electromagnetic riveting joints with different notched pits in di-
ameter of 5 mm
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Figure 8. Comparison of interference between electromagnetic riveting joints with different notched pits
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Table 2. Interference amount and upsetting head size of electromagnetic riveting joint with different notch pits
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Tkles e PIG IS
BUE=SI M
4T 4 mm %] 5 mm %] 4 mm %] 5 mm 4T 4 mm %] 5 mm
BELEA 6.18 mm 7.64 mm 5.916 mm 7.18 mm 5.73 mm 7.12 mm
Bk 2.00 mm 2.23 mm 1.83 mm 1.95 mm 1.80 mm 1.90 mm
frE 1 1.895% 1.6% 1.935% 1.816% 2.18% 2.028%
frE 2 0.3% 0.348% 0.325% 0.485% 0.38% 0.57%
i 3 0.3% 0.26% 0.325% 0.385% 0.38% 0.555%
fi 8 4 0% 0% 0% 0% 0% 0%

Fringe Levels Fringe Levels Fringe Levels
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Figure 9. The equivalent strain cloud map of electromagnetic riveting joints with different bottom hole in di-
ameter of 4 mm
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Figure 10. The equivalent strain cloud map of electromagnetic riveting joints with different bottom hole in
diameter of 5 mm
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Figure 11. Comparison of interference between electromagnetic riveting joints with different bottom hole diameters
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Table 3. Interference amount and upsetting head size of electromagnetic riveting joint with different bottom hole diameters
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fLRE A H8 FLREA H9 FLIREA H10
LREAR
4T 4 mm %] 5 mm %] 4 mm %] 5 mm 4T 4 mm HPE]T 5 mm

BELEA 6.18 mm 7.64 mm 6.16 mm 7.56 mm 6.14 mm 7.54 mm
HekEE 2.00 mm 2.23 mm 1.95 mm 2.22 mm 1.93 mm 2.18 mm

frE 1 1.895% 1.6% 1.8% 1.4% 1.5% 1.4%

frE 2 0.3% 0.348% 0.285% 0.332% 0.25% 0.32%

i 3 0.3% 0.26% 0.285% 0.228% 0.25% 0.24%

HE 4 0% 0% 0% 0% 0% 0%

Fringe Levels
3.256e+00

Fringe Levels
5.528e+02

2.930e+00 :I 4.97Se+02:l
2.605e+00 _| 4.422e+02 _|
2.279e+00 _ 3.869e+02 _
1.953e+00 _ 3.317e+02 _
1.628e+00 _| 2.764e+02 _|
1.302e+00 _| 2.211e+02 |
9.767e—01 _| 1.658e+02 _
6.511e—01 1.106e+02
3.256e—01 :I 5.528e+01:I
0.000e+00 _| 0.000e+00 _
(a) BIHK (b) METHL

Figure 12. The equivalent strain cloud map of electromagnetic riveting joints
with different upsetting head form in diameter of 4 mm
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Figure 13. The equivalent strain cloud map of electromagnetic riveting joints
with different upsetting head form in diameter of 5 mm
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Figure 14. Comparison of interference between electromagnetic riveting joints with different upsetting head form
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Table 4. Interference amount and upsetting head size of electromagnetic riveting joint with different upsetting head form
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53288 WESYIZ SR
ek
%] 4 mm 4T 5 mm 4T 4 mm %] 5 mm
BeLEAR 6.18 mm 7.64 mm 6.24 mm 7.62 mm
Bk 2.00 mm 2.23 mm 2.7 mm 3.15mm
(VA= 1.895% 1.6% 3.1% 3.12%
frE 2 0.3% 0.348% 0.205% 0.396%
frE 3 0.3% 0.26% 0.1% 0.192%
fE 4 0% 0% 0% 0%

3.4. A EIRERBEIPHERERGR

Wit R R (ELAZ 4 mm 84T 1 425 V, 450V, 475V, 500V, 525V, 550V, 600V 1650
V: EA2 5 mm B4 500V, 525V, 550V, 575V, 600V, 625V, 700V #1760 V), {#FHAT &2
A, WSk T R AT T X R T XL, KT B4R 4 mm (OEIAT, BORHLAZSE— %% 4.09 mm
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Figure 15. The equivalent strain cloud map of electromagnetic riveting joints with different discharge voltage
in diameter of 4 mm
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Figure 16. The equivalent strain cloud map of electromagnetic riveting joints with different discharge voltage

in diameter of 5 mm
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Figure 17. Comparison of interference between electromagnetic riveting joints with different discharge voltage
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Table 5. Interference amount and upsetting head size of electromagnetic riveting joint with different discharge voltage in

diameter of 4 mm

= 5. B2 4 mm YIETHIN RS B BB R BB AR IR TS B 5SR-S

GRS 425V 450V 475V 500 V 525V 550 V 600 V 650 V

BELEARA 4.622 mm 4.890 mm 5.234 mm 5.658 mm 6.18 mm 6.98 mm 7.16 mm Pi

Bk EE 4.0 mm 3.65 mm 3.42 mm 2.75 mm 2.00 mm 1.75 mm 1.62 mm 1.32 mm
P 1 1.25% 1.525% 1.64% 1.805% 1.895% 1.87% 1.91% 2.06%
hE 2 0.35% 0.235% 0.245% 0.275% 0.3% 0.29% 0.325% 0.33%
{3 0.35% 0.235% 0.245% 0.275% 0.2% 0.29% 0.325% 0.33%
frHE 4 0% 0% 0% 0% 0% 0% 0% 0%

Table 6. Interference amount and upsetting head size of electromagnetic riveting joint with different discharge voltage in

diameter of 5 mm

6. H1E 5 mm HIFT R R e FE Ik FE AT RSk TP B SRS

T R 500 V 525V 550 V 575V 600 V 625V 700 V 760 V

BEkER 5.622 mm 5.86 mm 6.132 mm 6.512 mm 6.938 mm 7.64 mm 8.94 mm 9.48 mm

Bk 5.15 mm 4.75 mm 4.23 mm 3.98 mm 3.50 mm 2.23 mm 1.98 mm 1.83 mm
frHE 1 0.896% 1.124% 1.252% 1.392% 1.512% 1.604% 3.0% 3.23%
frHE 2 0.216% 0.26% 0.272% 0.3% 0.332% 0.352% 0.6% 0.65%
hE 3 0.212% 0.25% 0.2% 0.216% 0.228% 0.252% 0.52% 0.6%
frE 4 0% 0% 0% 0% 0% 0% 0% 0%
R B Rt RPN ESE AL RIUEASECN HS: IS EO N 7Rk
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