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Abstract

Self-piercing riveting is an joining method of advanced high strength steels (AHSS) and other dissimilar
materials. It has attracted considerable interest from the automotive industry. The SPR has become an
interesting alternative joining technique for difficult to weld materials such as steels and aluminium alloys.
In this paper, self-piercing rivet and anvil for SPR were designed for the joining conditions with AHSS
and aluminium alloy. Various conditions of SPR were simulated for the design of rivets and anvils. The
simulated results were in good agreement with experimental ones. As a result, over HV500 rivet is
desirable to joint SPFC780 AHSS and aluminum alloy.

Key Words : Self-piercing rivet(SPR), Advanced high strength steels(AHSS), SILAFONT, Dissimilar sheet
metals, Finite element method(FEM)
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Table 1 Mechanical properties of rivet and sheets
Specimens oy (MPa) Ou (MPa) er (%)
SM45C(HV450) 1490 1695 7
SM45C(HV500) 1630 1871 6
SPFC440 337 557 28
SPFC590 478 706 23
SPFC780 534 948 17
SILAFONT 107 223 23
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Table 2 Thickness and shear strength of sheets, com-
pressive strength of rivets

Specimens teheets Tsheets Oc
(mm) (MPa) (MPa)
SPFC440 0.6 321.82 343.59
SPFC590 1.0 408.01 726.02
SPFC780 1.6 547.40 1558.49

Journal of Welding and Joining, Vol. 33, No. 3, 2015



Z2ugeidst d5n)E g A4S 91T SPR A7

77

(b) Rivet, HV500

(a) Rivet, HV450

Fig. 1 Simulated results for joining SPFC780 and SILA-
FONT with strength of rivet
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Table 3 Joining condition of sheets for SPR
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Fig. 4 Methods of measurement for the simulation results
of joining

Condition Rivet 1 Rivet 2 Rivet_3

Condition of
sheets 1

No Upper sheet Lower sheet
’ / thickness [mm] / thickness [mm]
1 SPFC440/ 0.6
2 SPFC590/ 1.0 SILAFONT /3.0
3 SPFC780/ 1.6
+ + +
o | «
| N | Y] | o
JF \D J: m JF \D
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Rivet 1 Rivet 2 Rivet_3

Fig. 2 Cross-section view of semi-tubular rivets
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Anvil 1 Anvil 2 Anvil 3

Condition of
sheets 2

Condition of
sheets 3

525953 g5

Fig. 3 Cross-section view of anvils
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Fig. 5 Riveting results of shape conditions anvil 1
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Condition Rivet 1 Rivet 2 Rivet_3

Condition Rivet 1

Rivet 2

Condition of
sheets 1

Condition of
sheets 2

Condition of
sheets 3

Fig. 6 Riveting results of shape conditions anvil 2
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Condition of
sheets 1

Condition of
sheets 2

Condition of
sheets 3

#l¢] interlocko] wi-¢- Zkom H3to] oYt} ol& A
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Table 4 Simulated results of SPR joining
Mearive | X | e | A B C
1 1.05 0.18 0 1.34 | 2.78
1 2 1.41 1.20 | 0.22 | 0.76 1.57
3 0.93 0.76 | 0.43 0.65 1.48
1 0.39 0.15 0 1.47 | 297
1 2 2 1.19 0.87 | 0.19 | 044 1.44
3 0.77 0.69 | 0.44 | 048 1.37
1 1.74 0.89 1.35 0.43 0.13
3 2 1.18 0.60 1.17 | 042 | 0.06
3 0.96 0.15 1.85 0.53 0.25
1 0.35 0.18 0 3.07 | 458
1 2 0.48 0.39 0 1.68 | 3.18
3 0.99 0.73 | 0.21 1.18 | 2.50
1 1.06 0.76 0 1.72 | 3.42
2 2 2 1.03 0.69 0 1.23 2.69
3 1.12 0.98 0.79 1.12 | 235
1 1.71 0.72 1.01 0.89 1.18
3 2 1.52 0.94 1.45 1.50 1.74
3 1.08 0 1.66 | 1.19 1.40
1 0.51 0.29 0 246 | 4.10
1 2 1.48 1.15 0.12 1.21 2.23
3 0.77 0.62 0.28 1.14 | 2.19
1 0.54 037 | 0.17 1.83 | 3.61
3 2 2 1.28 0.92 0.2 0.88 | 2.11
3 0.88 054 | 072 | 0.89 | 2.09
1 1.56 0.72 1.33 1.28 0.66
3 2 1.29 0.86 1.47 1.53 0.87
3 0.92 0.21 1.73 1.79 | 0.95
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3. SPR A& Table 6 Shearing test results of SPR joint
Rivets . Loads of shearing
31 SPR EI 13:!' Al ?:_! hardnoss Condition of sheets tests (N)
i i i SPFC 440 / 0.6t and 4L
SPR & AlEdolds AFstast SPR A4 SILAFONT /3.0t :
o - . - HV450
# sdxHdow JIAE odvh. Anvil 28 A8&5 SPFC 590/ 1.0t and 57784
o AN eom ARARATE Fig. 8ol Leh SILAFONT /3.0t
ot} w3 SPR AdA AR X, interlock X, SPFC 780 / 1.6t and
= HVS500 SILAFONT / 3.0t 7272.2

Experimental results Simulated results

Rivet_1 with SPFC780 and SILAFONT

Fig. 8 Analysis of simulated results and experimental ones
of SPR joining

Table 5 Analysis of simulated results and experimental

ones of SPR joining
Rivets . Xi X2 A
hardness Condition of sheets (mm) | (mm) | (mm)
SPFC440 / 0.6t and
SILAFONT / 3.0t 115 0.97 | 038
SPFC440 / 0.6t and
SILAFONT /3.0t 0.99 | 0.73 0.21
HVA450 (simulated result)
SPFC590 / 1.0t and
SILAFONT / 3.0t 1.56 1.24 118
SPFC590 / 1.0t and
SILAFONT / 3.0t 1.12 | 098 0.79
(simulated result)
SPFC780 / 1.6t and
SILAFONT/ 3.0t 0.83 0.77 | 0.94
HV300" "spFC780 /1.6t and
SILAFONT / 3.0t 1.71 0.72 1.01
(simulated result)
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