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Fig. 1 Variation of ceramic volume fraction in the direction

of plate thickness
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E=274.1—2.7X10°*T (GPa)
v=0.34+3.2X10°T
b =2.072—3.656 X 10 'T+

4.347X1077T? (W/(m-K))
C=274+7.95X10"'T—6.19X

10T+ 1.71X107T* (J/(kg*K))
a=7.091 X10% —2.532X

107° T+ 2.262 X102 T? (1/K)
© =5600/{1+a(T—300)}° (kg/m?)
our =148.141.184X107°T —

31.4x10 °T? (MPa)
6ue =2373 —0.9854T (MPa)

(3

Ti-6 Al-4V .
E =122.7—0.0565T (GPa)
v=0.280+3.2X10"T
k=1.140.017T (W/(m+K))
C=350+8.78 X 10 'T—9.74 X

107 T2 44.43 X107 T* (J/(kg-K))
a=7.43X10"+5.56 X107 T —

2.69 X 1072T?

(300 K<<T <1100 K) (1/K)
a=10.291X10"° (1100 K<) (1/K)
o =4420/{1+a (T —300)}° (kg/m*)
oy =1252—0.8486T (T<C1400 K) (MPa)
6y =2316—0.18T  (T>1400 K) (MPa)
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Fig. 2 FGM thermos-mechanical coupling probabilistic

analysis method flow
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Fig. 3 Maximum temperature on the upper surface of FGM
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Tab.1 Uncertainty parameters for
structural analysis
LTS T ZH ¥iH AS 5 R

K1 2.072 0.02
PFER/We(mK) ! K2 11 0. 02
C1 274 0.02
/T (kg - KO 2 350 0.02
AR HORE R AL n 1 0.01
E1 274.1 0.02
AL/ GPa E2 122.7 0. 02
3 0.3 0.02
TR HE ue 0. 289 0.02
a 7.091E-6 0.02
Mk A2/ -K « 7. 43E-6 0. 02
01 5600 0.02
kg rm? 09 1420 0.02
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Fig. 4 Reduced-order Kriging model construction process
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Probabilistic analysis method of thermos-mechanical coupling of
functional gradient materials structure

LIU Jian', ZHANG Kun', LI Teng', XIN Jian-giang®?, YAO Jian-yao*""’
(1. College of Aerospace Engineering,Chongqing University, Chongqing 400044 ,China;
2. Department of Systems Engineering, The First Academy of China Aerospace Science and Technology Corporation,
Beijing 100072, China;

3. Chongqing Key Laboratory of Heterogeneous Material Mechanics,Chongqing 400044 ,China)
Abstract; A probabilistic thermo-mechanical coupling analysis tool based on the self-consistent mean
micromechanical (Wakashima-Tsukamoto, W-T) model and Latin hypercube sampling is proposed in this
paper. The Kriging surrogate model for thermal analysis and the Proper Orthogonal Decomposition
(POD) reduced-order Kriging model for structural analysis are constructed by using uncertain random
parameters to describe the physical properties and spatial distribution of the material as inputs to the
probabilistic analysis and the thermal stress as outputs. The results show that the uncertainty of the
thermal expansion coefficient and the thermal conductivity of the ceramic material have a significant
effect on the thermal response of the structure; The use of the POD reduced order method for thermal
stress prediction over time can significantly optimize the Kriging surrogate models; Meanwhile the
proposed probabilistic analysis method can consider the effects of multiple random factors on the thermal
response of functional gradient materials, and verifies the accuracy and validity of the method, which

provides a reference for the design and sensitivity analysis improvement of functional gradient materials.

Key words: functional gradient; thermal response; uncertainty; probabilistic analysis; surrogate model;

reduced order model
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