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Tab.1 Parameters of material property of the micro plate (7,=300 K

) [23, 25]

Materials L o/ K/ c/ o/ v
GPa (kg'm?) (Wem'-K") (J-kg'- K™ K!
SiC 427 3100 65 670.0 4.3%10° 0.17
Ni 210 8900 92 438.2 13.0X10° 0.30

K2 AEAESTEHEEEAEMIELE Levinson IIBIE THEENEGFMEQ, (a= b, v=0.3)

Tab. 2 Values of dimensionless natural frequency £, of the isothermal square micro plate based on Levinson plate theory

corresponding to different modes (a =6, v=0.3)

Modes Oxo a/h
100 50 30 10 8 5

(1,1) 19.739 19.732 19.710 19.660 19.563 19.065 19.065" 18.721 17.449
(1,2) 49.348 49.309 49.169 48.857 48.270 45.483 45.487% 43.730 38.152
(2,2) 78.957 78.957 78.501 77.716 76.260 69.794 69.809* 66.028 55.150
(1,3) 98.696 98.539 97.987 96.770 94.545 85.038 85.065% 79.345 65.145
(2,3) 128.300  128.040  127.110  125.080  121.440  106.680  106.740* 98.901 78.697
(3,3) 177.650 177.140 175.380 171.580 164.960 140.060 140.170 127.900 98.500

e B AR &R R SCHK 31 7 Reddy =i B 59 1) g 4 3500 B
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T b 3 AT AN () A BRI T fORR A s BH
JEW 225 R 3IG M THIANFIREET , 703 H =
ol b e T f) 1 D7 JE B B (SIiC) fob i) A4 g v BH
Je AR Bl 5 A 04 300/ V8 L B A AR A . H o Kirchhoff
TR 4 P BELE Qi it LRI 2 A A7 i 15
#| /Y, Mindlin 73 # Al Levinson f A2 19 45 3 2 i 5%
(35)FI(3T) AT RN A o 23 B 2 v 9 e di ke B 2 g
M PR ok v AR T E T OB RO ISR BRLE i BLRE &
525 i B5ORT R RS 1) 3 R 28 bl 3L e 55 R R B 1) A8
M 18 (4 1500 A 2 (8] Y 22 00 A2 45 B T W . T
a/h=10 Fl (m, n)=(3, 3) B} B # X} % 22 erorr =

(Q'— Qu")/Qy'IKBN T 7.14% o F IR A5 I 1y [
A AR AR R AE R T B S i B e AR Y TR EE
(28) 1 (38) A [m] , 1 Fofr B U1 722 J A B4 1 T Ay BAy i
PEBH B Z ) W A7 78 22 5% o 7E a/h=10, (m,n)=
(L D) Z&METF  HX 3R 2R (Q— Qu')/QL =
0.03% 5 Mi7E (m, n)=(3, 3)Bf X R 2Z L E] 2.1% .
AL X T R AR TE e B B SR 4R 31 L Levinson /& By
BT U1 M B RE A% 2t B DA RS A 1 B B JE 9
MZER . RoRIR Y (28) AR TR IR B & 1 %
TR BE 5 ) A B Y = IR

x£3 FAEAWEBIETEAEEE(SIC )HRMABEER(Q ' X 10*) (k&K (a=b,h=1 pm)
Tab. 3 Comparison of TED (Q ' < 10*) of the square micro plate of ceramic (SiC) based on different plate theories

(a=b,h=1pm)

Modes _ alh f 50 _ § a/h T 20 _ 7 a/h T 10 7
Q' Qy' Q' Q' Qu' Q' Q' Qu' Q'
(1,1) 1.3837 1.3793 1.3793 6.6978 6.5890 6.5881 6.0209 5.8610 5.8592
(1,2) 3.3256 3.3014 3.3000 7.5698 7.3897 7.3876 2.8849 2.7652 2.7694
(2,2) 4.9649 4.9072 4.9068 6.0209 5.8610 5.8592 1.8868 1.7785 1.7890
(1,3) 5.8451 5.7640 5.7634 5.1510 5.0038 5.0028 1.5374 1.4348 1.4486
(2,3) 6.8366 6.7228 6.7218 4.1857 4.0514 4.0517 1.2054 1.1104 1.1279
(3,3) 7.7265 7.5728 7.5714 3.1669 3.0442 3.0473 0.8883 0.8035 0.8249

R T 25 G N LA RS X R v BELJE 1 52 i KL
HLRAPHIMT a/h=10,h=1pm WK & 8
(N ol b 2 I 7S B B s A28 T % B R [l K /9 L
a/b WL PERLJE o 4 A 2% TR 45 SR AR 0, P A LS
U 25 SR 0 R T 3R 22 BE A U AE @/ b 1 3G R TR R .
T3 A B A S8 B 5 1) Cy 10 ) 1 4R A8 B, A R 22
K. AE a/b= 3B 45 H A X 1R 22 erorr =(QL ' —
Q)/ Qe WBE e RE R EERE(L,3). I T

S LA AN TR /58 b ) Aot 1) 4 s BEL S B A IS
B AS AL R B L il T AE R 98 Lo ) 55 T a/b=
1, 1.5, 2, 3 WA I8 B & (SiC) oA 1 #4551k BHL e Fifi
M JER 3% LA AR I 2 o Bl S B b By BG i, A
FH & 1Y d5e K AE A5 18] 22 % 3l ( BCRH Bz 1 I 54 5 B ik
/) 5 Horf Kirchhoff # 19 5 K BH JE i O/ 35 8 22 | fif
Levinson A (1 5 K BH Je (8% W7 B A, — % 19 22 (5 &
RN

x4 BEBFREKZELHEEESE (NI)BRENAMIRNESTHHEERR(Q ' X 10°) (a/h=10,A=1pm)
Tab.4 TED (Q 'X 10*) of rectangular metal (Ni) micro plates with different length-to-width ratios in the first six

modes (a/h=10,A=1pm)

Modes 7a//1:1.5 _ § alb=2 _ 7a//):2.5 _ § a/b=13 ; Evror
Q' Q' Q' Q' Q' Q' Qx' Q'
(1,1) 19.9760 18.8740 14.7420 13.8110 10.808 10.0070 8.1283 7.4233 8.67
(1,2) 8.1283 7.4233 5.0141 4.4598 3.3792 2.9476 2.4230 2.0857 13.80
2,1) 12.2750 11.4260 9.9152 9.1450 7.9498 7.2518 6.4103 5.7793 9.84
(2,2) 6.4103 5.7793 4.3151 3.8081 3.0500 2.6486 2.2502 1.9320 14.10
(1,3) 4.0790 3.5897 2.4230 2.0856 1.5977 1.3594 1.1304 0.9582 15.20
(3,1) 7.3093 6.6375 6.4103 5.7792 5.5403 4.9547 4.7568 4.2191 11.30
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Analytical solution of thermoelastic damping in Levinson micro
rectangular plate resonators

LI Shi-rong"?®, LIU Rong-gui', WU Yong'
(1.Department of Civil Engineering, Nantong Institute of Technology, Nantong 226002, China;
2.School of Civil Science and Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract: Based on Levinson's higher-order shear deformation plate theory, accurate analytical solutions for the complex natural
frequency and the field of temperature change of a simply supported rectangular micro plate resonator in thermoelastic coupled free
vibration are obtained. Furthermore, inverse quality factor representing the TED is extracted by using the complex frequency ap-
proach. Numerical results are presented to show the variation regulation of the TED versus the aspect ratio of the micro Levinson
plate in different vibration modes. By comparing the values of TED based on the Levinson plate theory with those based on both
Mindlin and Kirchhoff plate theories, the level of effect of shearing deformation on the TED is analyzed. The numerical results
show that for the moderate thick and thick plate resonators the values of TED evaluated by the classical plate theory are obviously
greater than that by shearing strained plate theory. It is because that the classical plate theory ignores the transvers shear deforma-
tion and over estimates the rigidity of the structure. In addition, the comparison between the predicted values of TED of Mindlin
and Levinson microplates with four simply supported edges is given. As a result, Levinson higher-order shear deformation plate
theory can better predict the TED of the thick microplate, because the displacement field of Levinson plate theory can accurately
satisfy the stress-free conditions at the upper and lower surface and the temperature field contains the higher order term of the

through-thickness coordinate.
Key words: thermoelastic coupled vibration; Levinson plate theory; complex frequency; thermoelastic damping; analytical solution
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