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Study of displacement boundary stress effects on the

transient thermal stress of 2D — FGM plate

XU Yang —jian, LIU Wen — zhi
(College of Civil Engineering, Hebei University of Engineering, Hebei Handan 056038, China)

Abstract ; Considering the different displacement boundary condition, the model of 2D — FGM plate
with temperature independency of material properties was established, and the cooling transient ther-
mal stress field distribution pictures were obtained with the finite element method. Effects on the tran-
sient thermal tress of 2D — FGM plate with temperature independency of material properties of during
cooling process that the displacement boundary condition made were influential enormously. The ther-
mal stress ox of on the free boundary of the 2D — FGM plate under simple supported and under one
end clamped is zero; The thermal stresses accumulation were formed on the middle and lower of the
two left and right boundaries of the 2D — FGM plate under two ends clamped, at the same time the
shape and values of the thermal stress changed tremendously; To the 2D — FGM plate under clamped
all around, the growth rate of the thermal stresses was more obvious than that of the 2D — FGM plate
under two ends clamped. The resulis of this paper provide the foundations of theory calculation for the
design and fabrication of the material.
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Fig.2 Displacement boundary conditions
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Fig. 3 Model of simple supported beam thermal stress
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Tab. 1 Testifying temperature distribution accuracy

t=1.0s t=3.0s t=5.0s
Ak b FEM MAM &% Abfg FEM MAM %% Akg FEM MAM  i#%
(, 5) 0.00 0.00 000 (0,5 0.0 0.00 000 (0,5 0.00 0.00  0.00
(1,5 16325 16318 004 (1,5) 9651 945 006 (1,5  64.60 64.61  0.02
(2,5 25785 25717 026 (,5) 17185 17162 013 (2,5 11709 11709  0.00
(3,5 291.83  291.03 027 (3,5) 22159 221.06 024 (3,5 15407 15401 0.04
4,5 29905 29861 015 @,5) 24727 24646 033 (4,5 17397 17387  0.06
(5,5 299.81 29951 010 (5,5) 25234 25143 036 (55 17665 17657 0.0
(6,5 298.72  298.05 022 (6,5) 23833 23757 032 (6,5 16297 16296 0.0l
(7,50 28926 28798 044 (7,5) 20415 20374 020 (7,5 13468 13478  0.07
(8,5) 248.83 24775 044 (8,5) 14922  149.17 003 (8,5  94.86 95.02  0.17
9,5 14900 14885 010 9,5  77.71 7781 013 (9,5  48.07 48.19 025
(10,5 0.00 0.00 000 (10,5 0.0 0.00 000  (10,5) 0.00 0.00  0.00




34 wmodk TR Ok % % ol (B %K OB O R 20154F
Gy YNy 2y wnE 4 s
o= =5 (1+4)(1-5) (8) 1
6g  h?
Toy = _fgx(z_yz) 9) 0.8

FRATT F SR A 1 S A T B A A T 4
BiJ1, % q=0,0, =300, (7). 50(8) .5
(9) IR AN T) o, WARAT 8, 38 A BRIC
EAHEAS B HAUE A, 2 R S8« AR R0, 0
AOIEIZR (y Bl ) B ARy B0 i B Aok AT R OT A
IR P TR RIATXT I . IR 2 PR .

R2 BT THEXREEANEN
Tab. 2 Plane thermal stress of simple supported beam

under temperature variation

AR TR MPa 7 FROTAR/MPa 1R25%
(0,5.0) 40. 00 39.89 0.28
(0,4.5) 28.60 28.49 0.39
(0,4.0) 18.40 18.29 0.60
(0,3.5) 9.40 9.29 1.18
(0,3.0) 1. 60 1.49 7.37
(0,2.5) -5.00 -5.11 2.15
(0,2.0) ~10.40 -10.51 1.05
(0,1.5) ~14.60 -14.71 0.75
(0,1.0) ~17.60 -17.71 0.62
(0,0.5) ~19.40 -19.51 0.56
(0,0.0) ~20.00 -20.11 0.55
(0, -0.5) ~19.40 -19.51 0.56
(0, -1.0) ~17.60 -17.71 0.62
(0, -1.5) ~14.60 -14.71 0.75
(0, -2.0) ~10.40 -10.51 1.05
(0, -2.5) -5.00 -5.11 2.15
(0, -3.0) 1.60 1.49 7.37
(0, -3.5) 9.40 9.29 1.18
(0, -4.0) 18.40 18.29 0.60
(0, -4.5) 28.60 28.49 0.39
(0, -5.0) 40. 00 39.89 0.28
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Fig.4 Transient thermal stresses distribu-
tion of 2D-FGM plate under different con-—
strain conditions during cooling
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