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Abstract: A self-piercing rivet (SPR) is a mechanical component for joining dissimilar material sheets such as
those of aluminum alloy and steel. Unlike conventional rivets, the SPR directly pierces sheets without the
need for drilling them beforehand. However, the regular SPR can undergo buckling when it pierces a
high-strength steel sheet, warranting the design of a helical SPR. In this study, the joining and forging
processes using the helical SPR were simulated using the commercial FEM code, DEFORM-3D.
High-tensile-strength steel sheets of different strengths were joined with aluminum alloy sheets using the
designed helical SPR. The simulation results were found to agree with the experimental results, validating the
optimal design of a helical SPR that can pierce high-strength steel sheets.
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Table 1 Joining condition of sheets

Upper sheets/thickness | Lower sheets/thickness

SPFC440 / 1.6 mm
SPFC590 / 1.6 mm
SPFC780 / 1.6 mm

SILAFONT / 3.0 mm

(a) RIVET 1

(b) RIVET 2

(c) RIVET 3
Fig. 2 Shape of SPR for each different lead angle



Table 2 Tensile test results of materials

Tensile Tensile
Specimen stg?iré%(tih, [sjtlrteinm%tlé Elongation(%)
(MPa) (MPa)

AISI 4115 1141 1508 33
SPFC440 299 538 39
SPFC590 480 684 26
SPFC780 514 890 11

SILAFONT 107 223 23
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section A-A

(a) Simulated result for joining of RIVET 1

section B-B

(b) Simulated result for joining of RIVET 2

section C-C

(c) Simulated result for joining of RIVET 3

Fig. 4 Simulated results of joining for each different
lead angle
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(a) Simulated result for joining SPFC440 and
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section B-B

(b) Simulated result for joining SPFC590 and
SILAFONT

section C-C

() Simulated result for joining SPFC780 and
SILAFONT

Fig. 5 Simulated results of sheets
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Fig. 7 Boundary condition for forging of rivet
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(a) Simulated result for forging in 1st stage
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(c) Simulated result for forging in 3rd stage

Fig. 8 Simulated results of rivet forging
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Table 3 Mechanical and properties of AISI D2

Material
. AISI D2

Properties

Tensile strength, Yield [MPa] 2200
Modulus of Elasticity [GPa] 210
Hardness [HRC] 63
Heat Capacity [J/g:C] 0.460
Thermal Conductivity [W/m-K] 20

(b) Punch and die

Fig. 9 Experimental equipment for forging of rivet

(a) Multi-stage former

(a) Simulated result

(b) Experimental result

Fig. 10 Comparisons of simulated results and
experimental ones for SPR forging of
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Fig. 11 Experimental equipments for joining of rivet
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(a) Experimental result for joining of SPFC440 and
SILAFONT
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(b) Experimental result for joining of SPFC590 and
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(c) Experimental result for joining of SPFC780 and
SILAFONT

Fig. 12 Experimental results for joining of rivet
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Table 4 Analysis of simulated results and experimental
ones for joining

Variation of helix angle (°)
Joining conditions |  Simylated Experimental
results results
SPFC440 and
SILAFONT 355 34.6
SPFC590 and
SILAFONT 31.5 29.4
SPFC780 and
SILAFONT 31.6 31.2
- /‘7 / ) =5 P
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(a) Shear test result of SPFC440 and SILAFONT
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(¢) Shear test result of SPFC780 and SILAFONT
Fig. 13 Shear test results of sheets

Flg 13(a)= 3= 7 SPFC4403} SILAFONT2]
Aol gk g yERA Alelth Hdist
42 kKNO.Z AHQF3sk52l 45 kNoj| 1]
shelth wheba Aol EFeitte AS &
21T}, Fig. 13(b):= SPFC5903} SILAFONT2]
9A1E AE Uebd Blolth #A duk A)E
A3 Ao skFo] 50 kNo2 HAAH QF85S
THEEH A RE, SPFC590 A o] sAsle] kAyste]
gl sFAfe] g9 7F Fol AjFH o]
Aow AZtEY Fig. 13(c)x= SPFC780%}

2o
>Pﬂ rlo rﬁ

il

.

i

mlo



742 499 - Ay -

I 54 =)
SILAFONT®] HeAd Az Huslz2 4.6
KNO.2 AA Q435S W5 2L &5 4 9l
ol uebd @Y s dRuE g9 4
°of 7bsska, A FA wHshe A9 SPR
S AAT 4 Yotk deld SPRS nHH At
¥ dFuE 59 Aol F&5HA AleE A
o|t}.

5.2 E

3DE 9] S HA ] & 3]
Ao HBle] Fde FAsH Aladelde wt
Baloivy, AdAzel AlEgold ZAxte] uu,
BAS B v 2o 488 2y

Q) ©x AlEH o)A Ao
KNeZ o SHUY. 585 H Y
H) .o

H3lo] E7}sslmE SPFC7800)4F 1L

(3) 71€9 7 FH9 SPREL uFH 3o
T A
o] HelME Al SPRE AHESh= 3o

(References)

(1) Mori, K., Kato, T., Abe, Y. and Ravshanbek, Y.,
2006, "Plastic Joining of Ultra High Strength Steel
and Aluminium Alloy Sheets by Self Piercing
Rivet," CIRP Annals-Manufacturing  Technology,
Vol. 55, Issue 1, pp. 283~286.

(2) Cho, H. Y., Kim, D. B. and Kim, K. W., 2012,
"Shape Design of Self-Piercing Rivet for Joining
Dissimilar Sheet Metals," Journal of Korean Society
of Mechanical Technology, Vol. 14, No. 3, pp.
93~99.

(3) Kim, D. B., Cho, H. Y., Lee, M. Y., Park, B. J.
and Park, J. K., 2012, "Forging Process Design of
Self-Piercing Rivet for Joining dissimilar Sheet
Metals," Journal of the Korean Society of Marine
Engineering, Vol. 36, No. 6, pp. 802~807.

(4) Hoang, N. H., Porcaro, R., Langesth, M. and

A.-G.,, 2010,
Connections Using Aluminium Rivets," International
Journal of Solids and Structures, Vol. 47, pp.
427~439.

(5) Atzeni, E., Ippolito, R. and Settineri, L., 2009,
"Experimental and Numerical Appraisal of Self-

Hanssen, "Self-Piercing  Riveting

Piercing Riveting," CIRP Annals- Manufacturing
Technology, Vol. 58, pp. 17~20.

(6) Byun, H. S., 2009, "Finite Element Analysis for
the Forging Process Design of a Blind Rivet,"
Journal of the Korea Academia-Industrial Cooperation
Society, Vol. 10, No. 10, pp. 2577~2582.



