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ARTICLE INFO ABSTRACT

Article history: Recently, the automobile industry is under increasing environmental regulation
Received 16 April 2018 and must improve fuel efficiency by making cars lighter. In order to minimize
Accepted 22 May 2018 weight, carbon fiber reinforced plastics (CFRP) materials with excellent

mechanical properties are gaining attention, and various technologies are being
developed for joining multiple materials as the application of composite materials
increases. In this study, self-piercing rivets (SPRs) were used to assess the quality
of the joining between CFRP and metal materials. A series of experiments was
conducted to select the shape of the rivets and dies according to the materials, and
the type of failure of SPRs was analyzed. The quality of the joining was evaluated
Shear strength using the gap between the rivet head and the upper plate, remaining thickness of
Fracture mode the lower plate, the amount of interlock between the rivet and lower plate, and the
shear strength evaluation and fracture modes were analyzed.
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Fig. 1 Self-Piercing riveting process
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Fig. 2 Types of die for SPR
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Table 1 Experiment case

Case | Material 1 Thickness Material 2 Thickness
1 CFRP 1.4 mm Al5083 2 mm
2 CFRP 1.4 mm Steel590 1.8 mm
3 CFRP 2 mm SPHC 2 mm
4 CFRP 2.5 mm Steel340 1.8 mm
Aol 7Fs3h, thet Steel A2S sl AFEE & e
2 Belakrt,
3.1 AE Al 2 Al
Aol ARg3E SPR A]+= BollhoffAFS] RIVSET Automation

H AHE A3} 091, C-Frame =&, 2]8l Feeder, T-5 X,
AEEYZ FAFY Jth C-Frame EE U§ol A= 7}F WAE
o] 9lof SPR A3t A9 7IRkES S48l _:_7] Settlng Force9}
7138 e) 9] o' HESH7 HE 9575 deiith o] A
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Soled o] ¢EHth
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Pre-Clamping2 4 kN, 24 A= £ 1 mmE A3tk CFRP
o} o]F A9 23} 7+ 2A)e] FAIE Table 190 YERAATE
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Fig. 3 Dimension of cross section of SPR
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Fig. 4 Failure case of self-piercing riveting: (a) lack of re-
maining bottom, (b) fracture of the lower plate, (¢) crack
of the lower plate, (d) lack of interlock, (e) buckling of
the rivet, (f) asymmetry of rivet foot, (g) protrusion of
rivet head (h) excess of setting force

SPR 3 AAS XYM A Failure AFS] Ao TS
Fig. 4°] YEMITE Fig. 49] (a)= 31] 7] FA7F U5 oF
& 7395 UeiiH, (b)= 3Fe] &A1} gide] B 495 UEt
Wt} o] A9 shuke] zto] FAI7} gFOH ()2 7ol dhi A
o] A= Age] Ullo] & 4 k. T35k 31t Al A4
Agto] B A9 ()= EAlsHH, AR 7=l e
Fzo| MA (e)she A% Ut TAle B4o] o HY A4,
2l o] A o= F4 (H== 540l Stk SPR HEe
71etE 2Ho] kA & & 9ol gl SlTie} gt Ale]
o] ZH4o] TA(g, hydtd A3 FHo] "ojAA Atk

wehA SPR A F4S 7171 SIBliAE 2783 Setting
force A7o] Fasin, gHl 9 tho|e] 4, At sl A€
7IAA EAo] WgE 243tk

0.26 mm

4. SPR Hgt Mg 2z}

4.1 CFRP-AI5083 SPR H& Alg 21}

gJElo] F57, Setting force YA AAsIL tolo 3
wAAA Y FES FleGinh 479 24 A= Table
29} 2o, A4 ©el 4L Fig. 59 2tk 214 10 mm, 20
1.7 mm&] FM & tho|oll A SPR S 3l9E W, a,,9 ¢,
7} N1EAE ke A RIS o), 5 S7HITI7] S8l
KA 8¢ tolZ wiste] AP WY A, o), ¢, F
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Table 2 Results of SPR experiment for CFRP-AI5083

Parameter criteria Test 1 Test 2 | Test 3 Test 4
-02=<K=<0.3 (mm)| -0.02 +0.05 | +0.01 +0.12
s | o0 o o
s | 08| 0 o]
Setting Force (kN) 37
Pre-Clamping (kN) 4
Rivet C53%5.5 | €5.3%60
Die type FM | KA | M
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Table 3 Results of SPR experiment for CFRP-Steel590

Table 4 Results of SPR experiment for CFRP-SPHC

Parameter criteria Test 1 Test 2 Test 3 Parameter criteria Test 1 Test 2 Test 3
-02< K<0.3 (mm) +0.2 +0.16 +0.26 -02<K<0.3 (mm) +0.11 +0.16 +0.17

t)5,=0.15 (mm) 0.74/0.74 | 0.41/Crack | 0.58/0.53 t12=0.15 (mm) 0.50/0.58 0.60/0.61 0.42/0.36

a15=0.15 (mm) 0.12/0.10 0.30/0.40 0.22/0.27 @19 =0.15 (mm) 0.23/0.30 0.27/0.31 0.54/0.46
Setting Force (kN) 49.8 Setting Force (kN) 47 48.5
Pre-Clamping (kN) 4 Pre-Clamping (kN) 4

Rivet C5.3%4.5 C5.3%x5.0 Rivet C5.3%6.0 C5.3%6.5
Die type M M M Die type ™M M
0902016 0902017 0902016 0902218 0902019

Fig. 6 Cross section of CFRP-Steel590
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Fig. 7 Cross section of CFRP-SPHC
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Fig. 8 Cross section of CFRP-Steel340

Table 5 Results of SPR experiment for CFRP-Steel340

Parameter criteria Test 1 Test 2 Test 3
-02< K<0.3 (mm) +0.07 +0.27 +0.15
t1,=0.15 (mm) 0.40/0.53 0.48/0.54 0.58/0.52
a;5,=0.15 (mm) | 0.11/0.13 | 0.13/0.15 | 0.19/0.24
Setting Force (kN) 54 52
Pre-Clamping (kN) 4
Rivet C5.3%6.5
Die type FM FM FM
0902215 0902016 0902017
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Fig. 9 Results of shear strength test at CFRP-A15083
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Fig. 10 Results of shear strength test at CFRP-Steel590
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Fig. 11 Results of shear strength test at CFRP-SPHC
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Table 6 Results of shear strength test

Case 1 | Case 2 | Case 3 | Case 4

Avg. Shear stregth (kN) | 2.25 2.82 3.66 5.02
Min. Shear strength (kN) | 2.20 2.68 3.54 491
0.67 0.22 0.54 0.19

a;, (mm)
0.60 0.27 0.46 0.24
0.28 0.58 0.42 0.58

12 (mm)
0.22 0.53 0.36 0.52
Rivet length (mm) 6.0 5.0 6.5 6.5
Die depth (mm) 1.6 1.6 1.9 1.7
Total thickness (mm) 34 32 4 43

Case 1: CFRP-AI5083, Case 2: CFRP-Steel590, Case 3: CFRP-
SPHC, Case 4: CFRP-Steel340.

Steel 590

Al5083

Bearing fracture

)

Top of upper plate

Bottom of upper plate

Bottom of lower plate

Fig. 13 Analysis of failure mode for each case
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