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Study on Effect of Riveting Methods on Damage Behavior of CFRP Riveted Joints

YAN Han', CAO Zengqiang'?, YAN Lu', LU Minxi', HUO Lubin'
(1. School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China;
2. Shaanxi Dagong Xuhang Electromagnetic Technology Co., Ltd., Xi’an 710100, China)

[ABSTRACT] Riveting is an important connection method for carbon fiber reinforced polymer (CFRP) composites,
however, traditional riveting is highly susceptible to causing excessive interference and severe damage to CFRP joints,
leading to potential quality hazards. This study experimentally investigated the damage behavior of CFRP specimens
subjected to various riveting methods, including straight riveting, washer riveting, chuck bushing riveting, and washer-chuck
bushing riveting. The results indicate that the average interference of straight riveted joints is the highest, substantially greater
than 2%, with joints exhibiting the most severe cross-sectional damage. In contrast, joints riveted with washers show an
average interference of 0.757% with virtually no damage to the joints’ cross-section. Joints riveted with chuck bushings are
of an average interference of 0.956%, but the tilt of rivet head causes compressive deformation and other damages around the
hole. The combination of washer and chuck bushing riveting results in an average interference of —0.915%, without forming
effective interference and observing no tangible damage on the joints’ cross-section.
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Fig.1 Schematic diagrams of different riveting methods
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Table 1 Mechanical properties of T700/7901 composite

[14]

ZH e ZH e
E,, 115 GPa X, 2300 MPa
Ey=Es 7.8 GPa X, 1050 MPa
G, 4160 GPa Y, 50.1 MPa
G 4160 GPa Ye 183 MPa
Gy, 2671 GPa Z 50.1 MPa
81,=S,5=S, 83.9 MPa Ze 183 MPa
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Table 2 Mechanical properties of Ti45Nb rivet, TC4 washer and
TA1 chuck bushing

MEZFE | RS R./MPa Al% 1% 7/MPa
Ti45Nb Bk 450 25 60 =
TC4 B 1100 10 20 665
TA1 Bk 345 25 50 240
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Fig.2 Riveted specimen ( mm )
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Table 3 Actual measured diameters of rivet holes

BmFL L% /mm BmFL L% /mm
a1 5.102 wEHIFEAL 1 5.099
4l AL 2 5.105 wEHEAL 2 5.101
41 3 5.098 wEHIEAL 3 5.098

HPE AL | 5.103 %ﬁg}ﬁf 5.097
I 2 5,105 %ﬂg{? 5.101
S 3 5.103 %g}?}g 5.099

IR U PR S B JEE R ¢ B 0.8~1.0 mm, 41/ 3 (a)
BN, AME D, FINAE D, s R U 444

D,/ D, <25 (1)
D, =d+0.1~0.2 (2)
Xob, d HEET HAR .

PRI, BB TR BE R 1 mm, B X BB Iy ki 4R
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CHL A ERE L T E AR RN W B
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Fig.3 Experimental parts ( mm )
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Table 4 Actual measured internal and external diameters of Table S Rivet sizes used for different riveting methods
chuck bushings
CIECVIRES BIET EAZ /mm FIFFHREE /mm
owegs | PED L OVEL g IR MR i 5 9
mm mm mm mm
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Fig.4 Riveting setups and specimens after riveting
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Fig.5 Measuring positions of rivet expansion diameter
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Table 6 Measured data of rivet expansion diameter

W AR /mm
B X 3 \ : :
HiE 1 g2 | fNE3 | fVE4 | NES
4l 6.638 5.162 5.100 5.097 5.118

HE I 5.169 5.126 5.126 5.140 5.151
CIE=Y: 2 5.249 5.115 5.089 5.126 5.162

HIE + 1B

5.002 5.024 5.035 5097 | 5.104
Bk
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Fig.6 Average interference amount of different riveting methods
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Fig.9 SEM images of typical cross-sectional internal damage of different riveted specimens
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