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Study on the Influence of Riveting Squeeze Force on the Interference of
GFRP / Aluminum alloy Layers Connection with ®4mm 2A10 Rivets
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(1. Tianjin Long March Launch Vehicle Manufacturing Co. Ltd., Tianjin, 300462; 2. Capital Aerospace Machinery Company Limited,
Beijing, 100076; 3. China Academy of Launch Vehicle Technology, Beijing, 100076)

Abstract: In order to control the riveting interference and minimize the damage of GFRP composite caused by riveting, it is
necessary to study the influence trend of riveting squeeze force on the interference of @4mm 2A10 rivet. The dynamic riveting
process and the interference of the rivet have been simulated by ABAQUS on the effects of diameter of pre-drilled hole and riveting
squeeze force of @4mm 2A10 aluminum alloy rivet on GFRP composite and aluminum alloy layers. On the basis of the simulation
the experimental investigations are performed. The Interference test and metallographic analysis of the specimens are conducted.
Results indicate that the interference of the same measurement location in the rivet increases with the increase of the riveting
squeeze force and the interference with the same riveting squeeze force decreases through-the-thickness. @4.2mm diameter of pre-
drilled hole and 18.3~18.7kN riveting squeeze force can achieve the optimum interference and the GFRP composite has no apparent
injuries.
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Fig.1 Structure of specimen
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Tab.1 Mechanical properties of of 2A12-T4 and 2A10-T4
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Tab.2 Mechanical properties of of GFRP

PPk AL Hn
E, CEFYET7 [ SE R ) /MPa 26000
E,, (I BL£T4E 77 [ B VAR &) /MPa 27200
E S JET7 1 3R /MPa 8100
G, (TH A B VI /MPa 4170
G\=G,,(FEE M A BT U & )/MPa 4170
v, (1275 AR LD 0.13
v, (13 77 [a) B D 0.13
vy, (23 J7 [l Pk EED 0.13
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Xe (LR 4ET7 18] L 45 35 F2)/MPa 545
Y, (T ELTYET7 [l B 5 2 )/MPa 593
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Ze(J5BET5 17 R 4m 5k 5 ) /MPa 298
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Fig.2 Stress-strain curve of 2A12-T4 sheet
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Fig.3  Stress-strain curve of 2A10-T4 rivet

0.5



553 30

A AR5 0 /%t d4mm 2A10 #9005 ] 3% £ GERP/AH & 8 J2 1 B -3 B i it 5t 81

2 EShOMFSEEAES
2.1 EYEEAE

iZ Fl ABAQUS 1j B8 5 N 0T 6 490 e % 1) 43
Py, MEREIEMIET . GFRP AL, 2A12-T4 k. J&
sk, ¥R 1~2. B 2~3 A EE ¥ B A R A
i o K C3D8R 51702 B e 5 14 4 R A% e A T ot
H AT RS R 2y, AR R BRI B 4 B,
HEIET R 4 R 176 770 A LG . GFRP AR RI 40 A
217 728 NG, 2A12-T4 B X 43 M 126 720 AN H o0
JED kK5 M 1 600 4S50 . AR 8 4904 512 B A7 Il 2 57
6 H¥Eml, WK S FR. 6 HEEM BN O E
Uity T 4 10T, BT ity AT FF U T AT s Q4T #F
TR A JETH,  GFRP AEMRALE A M TH s QT Tl T
N, 2A12 PPRMRALE N @H0ET Sk F
K NFEM, GFRPAHR R AMIE; GFFFHMITH
F M, 2A1280 FRECN M ; ©@GFRP A FI 2A12 4
2 A] o Ak T

2A124%

| - -0

El4 HEBRWEL S
Fig4 Mesh of FEA model

Hefit @

e

Bl ©
Xt @

FEfi ®

bt

5 EMXAR
Fig.5 Contact relations of FEA model

BT AR > e B A ) E BORELAT R T 1 b BOR
PR BIGERT B, RS el e )s . T
FIFF S FUBEFEAE IGO0 ET AT 18 S R 2 B AR R A2
%, WA SO0k IS S ET AT N, AEET AT AR Y
RAEFEfh 2 FLEEMRL . A/ 4R S 08 T, AT H
BIEWEET LR BT R . BRI Ak SR n ,
BRI T 403 N JR 88 B BT OB B, 90 77 kS8 hn

HAEBCKE . RO A S R s R 6
Firos. iR B RAT o, 48 = Pkl il
N D41 mm. P42 mmif, RS (6£0.2) mm. =
FE(2+0.2)  mm HPET Bk B 75 R0 790 B 4y 0 A

18~20 kN. 17.9~19.5 kN,
BT GFRPH 2A12-T4HR

a) 62.5msH 7RI A% L

BT GFRPH 2A12-T4Hz
b) 125msHt AT 1

HET GFRPHR 2A12-T4HR
¢) 187.5msH G I,

HET GFRPHR 2A12-T4H%

d) 250msIAETEAE I

Eo EHNLIEDH
Fig.6 FEA result of riveting

22 FHESH
WA T E. DN BAE . a
FEATNET FLEAR, AR T E R AR (D Xt
Bz LE P AT B 4 AN B 2 ) AT T D
&AL E R B E 7R,
I=(D~d/d(i=1,2,3,4) D)
®4.1 mm. 4.2 mm T LIS S AN [F] 90 7 %t
N AR B A 5 DA T A R LR 3,
THEXM LIS, mE3I KESHLIEH: a) i
HlFL N D41 mm B, FHREBEL T 2%, LA




82 T 5 R 2 BB ROBSED

®4.2 mm i, FHEIE2%MIT; b) BE&E RS 3G
K, HFRTHIFLT RN BT R R o
) FE 40 5 R BT AN TR A B 0 i S 2 R U 1A
CaBEkmEEk T D R, W>n>1>1,

0.5mm’ D,

il

[

0.5mm D,

22N

|
E7 FHENEMERE

Fig.7 Measuring positions of interference
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Tab.3 Interference of FEA model

Ffemm | ETmm | EHIAN BREAD
L L LT
18 246 | 244 | 241 | 2.36
18.5 253 | 249 | 246 | 241
4.1 11 19 256 | 251 | 249 | 243
19.5 258 | 2.53 | 2.51 | 246
20 270 | 2.67 | 2.63 | 2.49
17.9 1.87 | 1.83 1.77 | 1.70
18.3 1.93 1.88 | 1.81 1.75
4.2 11 18.7 196 | 1.92 | 1.83 1.78
19.1 200 | 1.95 | 1.88 | 1.82
19.5 205|199 | 1.92 | 1.85
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Fig.8 FEA result of interference under different pre-drilled hole

and riveting squeeze force
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Tab.5 Interference of riveting specimens

imm | TK/mm | ESHAN THE%
I] ]2 13 14
17.9 218 | 2.14 | 2.10 | 1.98
18.3 223 1219 | 2.13 | 2.05
4.2 11 18.7 228 | 222 | 2.17 | 2.10
19.1 231 223|220 | 2.14
19.5 235 | 228 | 2.23 | 2.17
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Fig.13 Measuring positions of metallographic analysis
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