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HESHES 0343 SERAREAD: A

Free Vibration Characteristics of Porous FGM Circular Plates on Elastic

Foundations under Thermal Environment

TENG Zhaochun', WANG Weibin, XUE Gang
(School of Science, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Based on the first—order shear deformation theory, the free vibration characteristics of a circular
plate of porous Functionally Gradient Material (FGM) on an elastic foundation in a thermal environment are studied.
First, Voigt modified mixed power law model with pores is considered, and a unified temperature field is given to
describe the temperature dependence of materials. Using Hamilton’s principle, the governing differential equation of
free vibration of porous FGM circular plate on elastic foundation under thermal environment is derived and
dimensionless. Then the dimensionless governing differential equation and boundary conditions are transformed by
using the differential transformation method, and the algebraic characteristic equations for dimensionless natural
frequencies and critical temperature rise are obtained. The problem is degenerated and compared with the existing
literature results to verify its effectiveness. Finally, the influence of gradient index, porosity, boundary conditions,

thickness radius ratio, temperature rise, and Winkler elastic foundation coefficient on the dimensionless natural

W EH:2022-10-20
HEEW B : FEK A SRR 4 BT H (12062010) , National Natural Science Foundation of China (12062010)
FEE B IR (1969—) 55, A PN, 22 LT A4 R
T HAFEE R A, E-mail : tengzc@lut.edu.cn



194 PN QR 2]

2023 4F

frequency of porous FGM circular plate as well as the influence of relevant parameters on the critical temperature rise

is calculated and analyzed. The results show that the gradient index affects the frequency, reflecting the

characteristics of the transition of materials from ceramics to metals. Porosity weakens the stiffness and then affects

the natural frequency. Winkler foundation has a role in strengthening the stiffness, and the increase in temperature

causes thermal buckling and instability of the structure.

Key words: porous FGM circular plate ; elastic foundation ; natural frequency ; critical temperature rise ; differen-

tial transformation method (DTM )
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foundation and uniformly distributed pores in cross section
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Tab.1 Comparison of dimensionless natural frequencies between first—order shear deformation theory and classical plate

theory under C and S boundary conditions (1=0.01)

RN TCm A A R Jrik PR
0 0.1 0.5 1 2 5
0, CPT '» 10.216 9.851 8.973 8.5 8.125 7.576
FSDT 10.213 9.846 1 8.944 1 8.4415 8.041 8 7.506 2
¢ /% 0.029 4 0.049 8 03231 0.693 1.034 6 0.929 9
0, cpr 39.773 38.352 34.933 33.093 31.634 29.49 6
FSDT 39.733 1 38.306 7 34.797 6 32.8417 31.284 6 29.197 7
/% 0.100 4 0.1183 0.397 7 0.7652 1.116 8 1.0217
0, cpr ) 4.935 4.759 4.335 4.106 3.925 3.659
FSDT 49347 47575 43216 4.078 8 3.885 8 3.627 1
S W2/% 0.000 06 0.0315 0.310 1 0.666 69 1.009 0.879 5
0, CPT 29.736 28.674 26.118 24742 23.651 22.052
FSDT 29.703 8 28.637 2 26.013 5 24.5517 23.388 7 21.830 1
W% 0.108 4 0.1285 0.401 7 0.775 1 11215 1.016 5

®2 BEXE O FMGT AR EREX FGM BT 25 E /XA (1=0.05)

Tab. 2 Effects of different gradient indices on the dimensionless natural frequencies of FGM circular plates under C and S

boundary conditions (A=0.05)

BRIEEE L
- - 0 1 10
A
0 0, 0, 0, 0 0, 0, 0,
ik 10.145 38.855 8.44 32.325 7.521 28.807 6.929 26.538
C AR fT 10.144 7 38.8554 8.4396 32.3247 7.5211 28.806 5 6.928 8 26.538
AT 10,1447 38.8554 8.384 4 321184 7.441 1 28.3912 6.8776 26229 5
ki 4.925 29.323 4.097 24.395 3.651 21.74 3.364 20.028
S AR 4.9247 29.3233 4.097 24.3947 3.6511 21.7396 33635 20.027 6
RIS 4.924 6 29.3233 4.069 9 24236 1 3.617 214818 33437 19.8527

TE + PR SCHRT 24 TS M JEE JC 45k 20 i R Ak B 5 A B A AR ST 5 4387 5 L A B A T4 21 A AR ST
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R3 BEXMEZAREHT AR Winkler ZE 3 FGM B i o £ 44 E 5 57 R 1Y #2011
Tab. 3 Effect of different Winkler parameter on the dimensionless natural frequency of FGM circular plate under C and S

boundary conditions

A J;ji?? . K =10 K,=50 K =100
A 0, 0, 0, 0, 0, 0,
STk 7.999 25.013 10.776 26.009 13.465 27.204
C AR 7.999 5 25.012 6 10.776 4 26.009 2 13.464 8 27.203 7
o5 AR 7.8543 23.9529 10.668 9 24,994 1 13.378 9 26.237 5
SCak 5.093 20.123 8.836 21.343 11.969 22.777
S ARSI 5.092'5 20.122 6 8.836 4 21.343 1 11.969 3 227767
AR 5.0597 19.542 8 8.8161 20.798 4 11.953 0 22.268 4
SCik 7.452 20.512 10.35 21.695 13.099 23.089
C AR 74519 205116 10.349 9 21.695 2 13.098 9 23.088 8
025 AT 7.2237 19.149 7 10.190 3 20.421 1 12.976 3 21.905 8
. Scik 4.996 17.592 8.734 18.936 11.849 20.49
AR 4.9957 17.592 4 8.734 0 18.9357 11.849 4 20.489 9
AL+ 4.949 6 16.7517 8.705 7 18.167 1 11.826 2 19.793 0
T+ TR SCHR [ 24 1% I EE TG ek 20 et B b B 5 3, A 80 B4 AR S 5 1+ 37 5 | A B PP T, 453 381 4 AR S
x4 WMEMSEMHESHNBERXRYY
Tab.4 Temperature correlation coefficient of physical parameters of ceramic and metal materials
e S5 P, P, P, P, P, P /300 K
E 3.484 3%10" 0 -3.070x107* 2.160x107 -8.946x107"! 322.27x10°
SiN4 a 5.8723x10°° 0 9.095%10™* 0 0 7.475%10°
p 2370 0 0 0 0 2370
E 201.04x10° 0 3.079x10™ —6.534x107 0 207.79x10°
SUS304  « 12.330%x10°° 0 8.086x107* 0 0 15.321x10™°
p 8 166 0 0 0 0 8 166
C—== Qo Q) —*— . C —=— Q—o—Q, —— QO
S =7 QI O & 80 ¢ S—v— Q—— 0, @
70
60
50
o
L 40
30 P ——
. 20 L
10 R
T s W
0 1 2 3 4 5 6 7 8 9 10

B2 SR T H IR R W = BA 5
EACEE
Fig.2 The influence curve of gradient index on the first three
dimensionless natural frequencies under uniform

temperature rise
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Fig.3 The influence curve of gradient index on the first three
dimensionless natural frequencies under linear

temperature rise
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