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Fig.1 Representative volume element of rubber cord composite material
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Fig.2 Representative volume element meshing and boundary
condition settings
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Fig.3 Hyperelastic constitutive model fitting curves and experimental
data curve
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Fig.4 Fitting curves of Hyperelastic constitutive model and cord
experimental data curve
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Fig.5 Typical tension- separation curve of cohesion zone bilinear
model
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Tab.1 Cohesive zone model parameters

12

Parameter Initial stiffness/ (N- m™) Interface strength /MPa Fracture toughness Index
Orientation K K» K Ta T T Gic Ghc Gue a
Value 2000 2000 2000 13 4.4 4.4 0.8 2.4 2.4 2
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Fig.6 Local stress distribution in the initial loading phase
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Fig.7 Cord/rubber interface contact pressure
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Fig.8 First contact shear stress of the cord/rubber interface
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Tab.2 Damage evolution of the rubber/cord composite interface
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Fig.10 Failure process of the rubber/cord composite material interface
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Tab.3 Cohesive zone model parameters for initial stiffness of different interfaces

Parameter Initial stiffness/ (N- m™) Interface strength/MPa Fracture toughness Index

Orientation K K» Kss Ta T T Gic Guc Gue a
Valuel 1000 1000 1000 13 4.4 4.4 0.8 2.4 2.4 2
Value2 1200 1200 1200 13 44 44 0.8 2.4 2.4 2
Value3 1400 1400 1400 13 4.4 4.4 0.8 2.4 2.4 2
Value4 1600 1600 1600 13 4.4 4.4 0.8 2.4 2.4 2
Value5 1800 1800 1800 13 4.4 4.4 0.8 2.4 2.4 2
Value6 2000 2000 2000 13 4.4 4.4 0.8 2.4 2.4 2
Value7 2200 2200 2200 13 4.4 4.4 0.8 2.4 2.4 2
Value7 2400 2400 2400 13 4.4 4.4 0.8 2.4 2.4 2
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Fig.12 Variation law of damage evolution variable with displacement
2 18 B IO FE A Fig. 11 B &5 a5 BT 453 405 ¢
D9 W, PR b 326 B A gk T Fig. 11 BT s o0 B 445 0, S X
8 ol AN 5] I 2 T 12 4 o 408 0 9 1 A% e i 2% A RS 1Y
AR AL i 2, 0 Fig 12 Frow o AN | 57 1 490 46 W1 5 4543
AL B AR, Fig. 12 A 2 B [ 142 4k
U . W1 4R NI EE 7E 1000~1400 N/m [ B, 45 455 I8
WA B AE INE I LR B B 9 0, 3% W1 Z B B A I 58 4
HINEE] € By B, 4500 35 A0 A2 BT 4R B 4R 20
BRI BE 0, LB KRR R S W y=petdie i+ Ae e+
Ase™ FEE R B L . AT R #1400 N/m,
TN ATT U B B A 4 30 A A B e A R A, HL IR
3 4 0 4840 A0 AR R, B S 28 O 2k 1 K B
B, i a N TR BB K. ZRE 2 A A LA, M
JEE b S T B 453 405 A 79 75 THD S L — S T ) 46 W R
ey, T AR B 0 G R R 0 R R EOK, 1B
Hh AL A AR R I 490 4 DI 8 v AR Y D B K s
W 58 0 ey, S TR L A A AR, A AT LA S A
JEE iRy 5 8405 96 A E N 4 B0 K B B AL A )

33 HHEERAWABMERMAFNG

gy MRS TR 2RI AR 43 i D 0°, 200, 30°, 40°,
50°F1 60° 1 AR PE AR AR Je A AL o i 0 gk A, LR
A AH [ ) 48 SRR

Fig.13 Path diagram
FE A R B2 fih TG 1 X Fig. 13 BT s 7 B W 1 28 07 17
(B A2, £E A AL AL 1 4 R) 44 SCONEAR I 2215 22
R Y B AR b R0 40 105 3 A AR B 2 D TR
M X B AR EAT A — AL AR B

1.2}
1.1
1‘0 A

200l s

%0.8 f/
0.7t/ —
0.6V A0
0.5p —— 28"

0.0 0.2 0.4 0.6 0.8 1.0
Nominal distance

Fig.14 Distribution of damage evolution variables along the path of
different cord angle models
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Interfacial Failure Mechanism of Rubber Cord Composites

Xiaohui Guo', Xiaojing Yuan', Ze Zhang', Guangyong Liu’, Hefang Qiu', Fanfan Cui'
(1.Combat Support Academy, Rocket Force University of Engineering, Xi’an 710025,China;2. Key Laboratory of
Rubber-Plastics, Qingdao University of Science & Technology, Qingdao 266042, China)

ABSTRACT: In order to study the interface failure mechanism of rubber cord composites laid at symmetrical angles,
a representative volume element was established by the finite element method to simulate the stress distribution of the
rubber cord composites at the mesoscopic level, and the energy-based Power-law criterion was used to simulate the
damage evolution. The damage evolution of the cord/rubber interface shows that the interface damage is caused by
contact shear stress and contact pressure. The initial interface stiffness is an important bonding interface parameter
that affects the interface damage evolution, and the initial stiffness is positively correlated with the interface damage
evolution variable. The increase in the included angle of the cord will cause the torque on the cord to increase, result-
ing in aggravated interface failure.

Keyword: rubber/cord; symmetrical angle laying; finite element; representative volume element; cohesive contact;

damage evolution



