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Analysis of the Bonded-bolted Hybrid Composite
Joints’ Strength and Influences

Meng Maomao, Zhao Meiying, Mi Xiaoliang, Wan Xiaopeng
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to analyze the structural strength of bonded-bolted hybrid composite joints and the influence
factors comprehensively, a three-dimensional progressive damage model of bonded-bolted joints is established
with ABAQUS and by employing cohesive zone method to simulate the behavior of adhesive. Firstly, the struc-
tural strength of bonded-bolted hybrid joints, bonded joints and bolted joints are compared respectively and a de-
tailed explanation is made to the load carrying mechanism and stress distribution in bonding area of bonded-bol-
ted hybrid joints and bonded joints; then, the influences of bolt head type and width to diameter ratio to the
structural strength and damage type to bonded-bolted hybrid structure are discussed. The result shows that

bonded-bolted hybrid joint is the best among the three in terms of structural strength, and putting forward the

best bolt head type and width to diameter ratio to improve the structural strength.
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Fig.1 Geometric model of single-lap bonded

metal structure

Lo AHEHERK B, /0 HIB 5,10 A1 20 mm, R
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#1 BHH Araldite AV13S $ BB K
Table 1 Material parameters of Araldite AV138 adhesive

Z ¥ B E 2 ¥ B E
E/MPa 4 890 3/ MPa 30. 20
G/MPa 1560 GS/(N+ mm™1) 0.20
3/MPa 39.45 GS/(N+ mm™1) 0.38

izl ABAQUS R4 8 37 = 48 52 AR R USRI
ks, AR R WA 2 s, BRRAATR
SCR L 7 % 45 FR 4y Bt C3DSR L, B E R A
Cohesive Jaj5 COH3DS ##l, % A Tie ¥ 45
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Fig. 2 Finite element model for single-lap

bonded metal structure
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Table 2 Contrast of structural tensile strength for

different length of lap

BEERE L/mm  RBE/N  HEE/N  RE/X%
5 3285.4 3 055. 3 7.00
10 4085.3 3946.5 3.40
20 42316 4080.7 3.57
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Fig. 3 Geometric model of composite mixed-

connection structure
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Table 3 Parameters of composite layer

%% /MPa B £%/MPa /A
E 129 330 23 0.429 9
E; 9 820 Gz 5 290
E; 9 820 Gis 5 290
1z 0. 305 6 Gas 3434
213 0. 305 6

R4 BEMBBRAEERE

Table 4 Strength of composite layer

RERA/MPa n
HAENMBE Xr 1723
HEEERE Xc 1233
EARLHIRE Y 70
ERERBRE Y 223

HURE S 134
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Table 5 Material parameters of adhesive,

aluminum plate and titanium alloy

% p T % ¥/MPa n
E 375
G 140
7o 65.6
Ts 110.5
& il
Tt 110. 5
GS 0. 252
G§ 0. 665
G¢ 0. 665
E 71 800
HBEe
P 0.33
E 116 000
H®Ee
3 0.34
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Fig.4 Simplified model of composite mixed-

connection structure
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Table 6 Contrast of structure strength for three joints

EREX R AT/ kN
P EE 42.75
BEREE 113. 61
BEEE 115. 08
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Fig.5 Displacement-load curve for different joints
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Fig. 6 Stress cloud for normal direction in adhesive
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Fig. 7 Stress curve of bonded and mix-connection structure
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Fig. 8 Deformation curve for different joints
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RT AEEBREHERSRTE R
Table 7 Deformation at the free end of

adherend for different joints

E—4EmkET 0.930 3 0.930 0
& —4R L 5T 0.934 5 0.849 9
HEEH5HE—48-1 0.647 0 1.860 8
HEEH5HE—48-2 0.474 4 2.3318
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Fig. 9 Displacement-load curve for different

nail head directions
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Fig. 10 Cure of bolt load and connection strength

change with wide-diameter ratio
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