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Abstract

The free vibration problem of porous functional graded material (FGM) circular micro-plates in a
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thermal environment is investigated based on the classical plate theory and the modified coupled
stress theory. Firstly, Hamilton’s principle is used to derive the governing differential equations
for the free vibration of porous FGM circular micro-plates in thermal environment containing ma-
terial scale parameters and to carry out the dimensionless quantization. Then the differential
transformation method (DTM) is applied to transform the dimensionless governing differential
equations and boundary conditions of the free vibration of the porous FGM circular micro-plate to
obtain the algebraic characteristic equations for calculating the dimensionless natural frequency
of the free vibration. Finally, the effects of gradient index, porosity, different heating methods and
material scale parameters on the dimensionless natural frequency of porous FGM circular mi-
cro-plates are calculated and analyzed by MATLAB programming. The results show that the di-
mensionless natural frequencies increase with the increase of the material scale parameter; the
gradient index affects the frequency, reflecting the transition characteristics of the material from
ceramic to metal; and the porosity weakens the stiffness, which in turn affects the natural fre-
quencies. The results can provide data support for the design and application of porous FGM cir-
cular micro-plates in thermal environments in the future.
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Figure 1. Schematic diagram of a porous FGM circular micro-plate
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Table 1. Temperature correlation coefficient of physical parameters of ceramic and metal materials [17]

%= 1 MREME BRI SRR X RER[L7]

ek Po P, P, P, P, P/300 K
SisN,
E 3.4843 x 10" 0 -3.070x10*  2160x107  -8.946x10*  322.27 x 10°
o 5.8723 x 10°° 0 9.095 x 10™* 0 0 7.475x10°°
p 2370 0 0 0 0 2370
SUS304
E 201.04 x 10° 0 3.079x10*  -6.534x107 0 207.79 x 10°
o 12.330 x 10°° 0 8.086 x 107* 0 0 15.321 x 10°°
p 8166 0 0 0 0 8166
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Table 2. Comparison of gradient exponent n=0 on the first five orders dimensionless natural frequencies of FGM circular
plate with clamped support condition

%2 BEXRHETHEERY n=03 FGM E1RET 5 M ENE B IMEMFTEE

Q Q Q, Qs Qy Qs
SCHR[19] 10.216 39.773 89.104 158.187 247.004
A S 10.215 39.771 89.105 158.186 247.37

RZEY 0.01 0.005 0.22 0.001 0.14
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TEL Rt SRS R0 A YA, B RAE T DTM REMIEHTE. b p, =3800 kg/m® ,
o :2700kg/m3 , E,=380GPa, E,=70GPa, v=03, x«=0.01, =0,

Table 3. Comparison of dimensionless natural frequencies of FGM circular plates with different gradient indices with

clamped support conditions
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n 0 0.1 0.5 1 2 5

SCHR[20] 10.216 9.851 8.973 8.5 8.125 7.576

(o)) AR 10.215 9.85 8.971 8.498 8.123 7.573
RZE% 0.01 0.01 0.22 0.23 0.24 0.3

SCHR[20] 39.773 38.352 34.933 33.093 31.634 29.496

Q, AL S 39.771 38.349 34.928 32.8417 31.626 29.485
WEY% 0.005 0.008 0.01 0.01 0.02 0.09

2 fIiE 3 A2 AL FGM MR AER L (C) LA T, =01, h/I=2, =01, AT =100 KK, #
FEFRHOIG IR TC BN HT =P G 3% Q Z (A R)ggm 2. o UG 4R B4R L, IRTHE, MERES
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Figure 2. Effect of gradient index on the first three orders dimensionless natural frequencies under uniform temperature rise
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Figure 3. Effect of gradient index on the first three orders dimensionless natural frequencies under linear temperature rise
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Figure 4. Effect of porosity on the first three orders dimensionless natural frequencies under uniform temperature rise
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Figure 5. Effect of porosity on dimensionless first three orders dimensionless natural frequencies under linear temperature rise
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Figure 6. Effect of h/l on the first three orders dimensionless natural frequencies at uniform temperature rise
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Figure 7. Effect on h/l the first three orders dimensionless natural frequencies under linear temperature rise
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Figure 8. Effect of uniform temperature rise (77 =0 ) on the first three orders dimensionless natural frequencies
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Figure 9. Effect of linear temperature rise (77 =1) on the first three orders dimensionless natural frequencies
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Figure 10. Effect of nonlinear temperature rise (77 =2 ) on the first three orders dimensionless natural frequencies
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