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Failure Study of Composite Laminates under
Thermal-mechanical Loads
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Abstract: Carbon fiber composites have been widely used in the fields of aerospace and other fields
because of its good mechanical property. The damage failure of composites under thermal-mechan-
ical coupling conditions is of great significance for damage and strength prediction of structures. A
three-dimensional finite element model considering ablation is established for the Progressive dam-
age simulation of the composite structure under thermal-mechanical coupling conditions, and the
reliability of the model is verified. Based on the failure criterion of three-dimensional Hashin
failure criterion and the abrupt degradation of material stiffness, a failure analysis model is estab-
lished. The whole process of damage evolution of composite laminates from the beginning of the
damage to ultimate failure under thermal-mechanical coupling is simulated. The results show that
the method can simulate the failure of composite laminates from the beginning of the damage to
grow completely broken of the structure of whole process. It also can display the failure mode of the
structure intuitively and can predict the bearing load of the structure under different conditions.
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Tab. 1 Stiffness degradation parameter of the material
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Tab. 2 Material elastic property parameters of T300/976 layer
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Fig. 2 Completely failure diagram of the structure
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Tab. 5 Material mechanical property parameters of the structure
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Tab. 6 Material strength parameters of the structure
R B S8 MPa
i /K
X X Y, Y. Zy Z. Say Sy Sz
293 1650 1650 58.9 58.9 58.9 58.9 106 86.5 106
473 1650 1650 46.5 46.5 46.5 46.5 84 48. 475 84
533 1503. 3 1503. 3 0 0 0 0 0 0 0
1013 330 330 — — — — —
3589 330 330 — — — — — —

2.3.2 BUAERILLE R KXoy
KH ERE R oAy ki A B b, 4
TR EE T B & A A RHZ A 2 Ao 17 B
Mgk, a9 B, ERiMaa B, Sk B2k
oy WS P 38 . Bl A e R K, S
MR EMAELYE, X2 H T HREAEHTIE R
IR 3 5 | S A B g 2 M BB R AR, ] B A B o 5
A TGS ST R M Y B K BE & N 21T ] G B K
RSNl IO GURACE K 1N O VA > & R ivia
100000-
90000 .
80000 ™
70000- 4
Z 600001 P \
% 50000 / ) \
40000 o \
30000

20000
10000

0 T ] T T i T T T
00 02 04 06 08 1.0 12 14 16 1.8
i #%/mm

9 BEEWABE-AI L

Fig. 9 Load-displacement curve of the laminate
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