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THERMOELASTIC DAMPING IN FUNCTIONALLY GRADED MINDLIN
RECTANGULAR MICRO PLATES?

Li Shirong ?
( Department of Civil Engineering, Nantong Institute of Technology, Nantong 226002, Jiangsu, China)
( School of Civil Science and Engineering, Yangzhou University, Yangzhou 225127, Jiangsu, China)

Abstract  Accurately modelling and evaluating of thernoelastic damping (TED) in functionally graded material (FGM)
micro plates are challenging novel topics in the study on the responses of thermoelastic coupled vibration of this kind of
new type micro resonators. In this paper, TED in a simply supported FGM rectangular micro plate with moderate
thickness is investigated by means of mathematical analysis. Based on the Mindlin plate theory and the one-way coupled
heat conduction theory, differential equations governing the thermal-elastic free vibration of the FGM micro plates with
the material properties varying continuously along with the thickness direction are established. Under the adiabatic
boundary conditions at the top and the bottom surfaces, analytical solution of the temperature field expressed by the
kinematic parameters is obtained by using layer-wise homogenization approach. As a result, the structural vibration
equation including the thermal membrane force and moment is transformed into a partial differential equation only in
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terms of the amplitude of the deflection. Then, by using the mathematical similarity between the eigenvalue problems an
analytical solution of the complex frequency for an FGM Mindlin micro plate with the four edges simply supported is
arrived at, from which the inverse quality factor representing the TED is extracted. Finally, numerical results of TED for
the FGM rectangular micro plate made of ceramic-metal constituents with the material properties varying in the thickness
as power functions are presented. Effects of the transverse shear deformation, the gradient of the material property and
the geometric parameters on the TED are quantitatively investigated in detail. The numerical results show that the TED
evaluated by the Mindlin plate theory is smaller than that by the Kirchhoff plate theory and that the difference in the

values predicted by the two plate theories becomes significant along with the increase of the thickness-to-side length

ratio.
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Fig. 1 Schematic illustration of micro plate and the coordinate system



1604 Ji &5 E it 2022 45 54 A5
0y
o= [ectve,— (1 +v)ad] (3a) N},zso( %”f#;—‘;)) sl( %Jrai;)—zw (11b)
— _ 0
oy 1_.2 [Ey-}-VEx (1+v)a/0] (3b) ny_SrO(a(,;;?"'aaﬂ) rl(% 66_(";“) (11c)
E
(Txy’sz’TyZ):2(1—4-1/)(7)‘}"%2’%2) (3¢) Mx:Sl(%+v%)+ (%H/%)—MT (11d)
0 ay Ox ay
b, 0(x,y,2,0) = T(x,y,2,0) — To A2, & -5 5
BRI, T WIRARIE, To VIR £ M, =S, (%%_yo) z(vaach+ai;)_MT (1e)
v Bl 4300 R s . VAR LERI B I R 4L, e AT
AREARKE 2 10900 12 B IS AR (103 H Mxyzsrl(ﬁmﬁuo) Sﬂ(% %) (11
HILEICAR AR 25U AR AN, b T IR 7 (35T, 4 Ox 0 0x oy
HBEAEFH A PR IAE). 0. =S ( +%) 1
BRI 2 7 AT LA RN 27 v =heSolert (e
ON, ON,, _ e uo 0? Px
ot 3; =l +h—3 @ 0 _kssro(goﬁaa—v;“) (11h)
%Jr%_ @Jr 0%y s Ferp Ny F My 43 ) o0 PR ) RIS R, e O
ox oy o o 2 aE0
Wr.v) = [ 1 (1 (12)
oM, aMxy —J 62 +1 6290x 6
ox "oy LT hga tha Oy (11) A RIE A R
W2 E@)
oM.y oM, L, P i= [t
Ox ﬁy ~O= (92‘2 " e M (1/—21/) ’ . (13)
Sy= 5 S; (i=0,1,2)
90: 90y . 3wy ‘ o \ PR
ox Ty N0am ®) Kl (A1) FRAR (4)~30 (8) PRI RE o
" e BT, IR 5 AN BEA AR HN bR B AH B S
S f e Sl 10 5T 21, e 0 4 RIS e 4
L= jj’h/zpzfdz (i=0,1,2) ©) {Eﬂ%ﬁ%m A PRI, BBEST SRR I L 4 7 FRAE B
AR PRI (). AR SCIE sk v 2 1N AR A A R
o AR TR L. 30 (4~ 8) PN NN 2 5 A5 Fedeih LR £ RIS S . o
ﬁ%ﬁﬁj‘ﬁﬂmw SR (11a) ~ (11c) 28 HIARAR (4) A1 (5), I 4%
(Vo ) = [ (o) (0a) BRI T AL x By S S HUR LN, T
i (13) AT 4
MMy M) = (" 10b &
(M, M, xy)—f_h/z(‘fx»(’ﬂxy)zdz (10b) S0V230+51V2K0—V2NT=¥(10.90+11K0) (14)
(0. 0y) =k; f_h,/,,zz (e 7y2)dz (10¢) AT
g = O o
Horb kg = 5/6 A BT UIE I RHL °"ox T dy
B (2 R (3) AR (10), TR R P (15)
SR8 RIS e
00, =92 a2

Floks = (11d) ~ (110 AR (6) =l (7), FIH



O

RIS D AR AR W RE MR Sob A A4 B 1605

X (®) 13
(92
@(10W+1180+12K0) (16)
FIH (11g) A1 (11 hy 715572 (8) MR B
Iy *wy
ksS 0 012

i, B (14) RN (16), 2K T A AR 0 F
BT, FER S (17) WA B A7 78 w 2R 1
B8 ik

S,V4wo + V2 (M7 —zoN7) =

$1V2e0+82V2ko - Vi My =

Ko = _V2W0 +

(17

_%Perﬁignww+&&§§]
(18)
Hrp
§2=82-2051
L =1h-zl (19)
20=581/So

b RS R B IEE Jy eh A—sR £ AR I AR
IfisE.
12 #fESHE

AR B ) A 5 K AR 2 0 2 B, T4 )
HE B S SO 1 v fe 57 R

d (. 00 08 «aET, Oe
kV20+ —k— | = pC— —
+6z(6z) P T 1= an

(20)

e, k, € it Pt 3 AR BRI EL A, A TR S AAAE 2
FICHIRREG e FEAABINALR. AR AR N AL AT s

1-2 1+
e=gxtete = 1Tj(so+zk0)+ IT:aH 21)

# EAXACAZL (20), F7% 8 200 A T B2 s 222
P ) IR BN 5 RS 1, DRI, A 7 T {5 SR A T 220 e ek 52
W Ae i AR BE AR A, R A AR G I — e vt 5
J FR013.27)

d(, 00 40 aET,
k=)= oc=
6Z( ﬁz) pC6t+ 1-v

0
Er (g0 +2K0) (22)

2 AGEMERRIKAR

2.1 BEHBiRENE N
18 V57 3 R 3 1 B0 25 1 7 [ 25, ) 2 55
(=R A 1 e PR BN AT 2R A R A AR
(10, v0, wo) = [(x, ), P(x,y), W(x, y)]e” (23a)

(@ @y, 0) = [x(x,7), §y(x,7),0(x, 3, )] (23b)
Forb, o WEAIR; @, v, w, @, @ M0 735 AN
PR R RDE; i= V-1 %X (23) 2 AR
(18) ANz (22) H LI ) A2 T 15

SV + VA + o + V2 (Mr —20N7) =0 (24)

aET,

9 (%8 =iw[pcé+ 0(<§o+z/'<0)] 25)
oz\ 0z 1-v

Hr

2
5 wl )
= w”l -1
o= 15
105_2
ksSrO

(26)

M2 = a)2 (1_2 +

I Ef
(NT,MT) = ffl;/,/zz % (1,2)dz

_dm v

0@y
© ox +6_y
R A B AL, T 20= 0, 30 =0, 77
(24) At (25) AT fij 4L A

&o (27)

_ 0y
Ko

SV + V2 + uow + V2 M7 = 0 (28)
%6 _ «ET

A (pce+ « Ozl?o) (29)
072 1-v

X HREN R (28) TR AT FAGEI ), e TR (29)
W REOUE WL, TR TR 519 B I A b 3,
22 HIESHENKE

FIFHSCHR [26-27, 29] I3 23851 34 )
RN A RMMAR W AR S SP- 35190 S N 27 X8, 4
Va2 G FNREY AN AR 7P Y Y g Bl Ve SR (S aTken)
(). IR, wn] LUK AR R B I R (25) Fe Ak 43 il
& ALY 2 I — R0 R BNy T fE

%0,  iw ~ a;E;Ty _ _
ﬁ:k—j p;iCi0;+ jl_Jy (8o + 2Ko)
(Zj<Z<Zj+1;j:172939“',N) (30)

Hrp, HA TR SR Sz = g+
2js1)/2 WWUE; 0;(2) W3 j 2R E .
MU 7 FE B, J7 R (30) [PE AR I Ko A
0;=Ajsin(p;z)+ Bjcos(p,z) — q (o + 2Ko)
(zj<z<zj+1,j=1,2,3,---,N) (1)



1606 Ji &5 E £t 2022 4E 5 54 4%
Horr N1 =Ba&o+Ppko, Mr =ya&o+¥sko (38)
(o1 wpiCj HA REBA BB, 74 Fyp T AN
2k
(32) - - N a; E Zj+
_ Eja;T (Ba.BA YA, ¥B) = Z 1J > f ! 1(A Bj,zA},zBj)dz (39)
= (I=v)p,C; /=

Aj FUB; 5 AR bR 2 JE 5T -5 L AT Hh Il 22 T o
RS (IR EPNITES (8
5 18 BTN 2 A 4 B Ty R L TR, R L

AR LA B ) ST A T 4 T4 S R
o
?g}k:_wz =0 (33a)
0;(x,y,2j) = 0j11(x,y,2j41) (33b)
o9, 0.
kg2 sy = ki (33¢)
a9
o lw2 =0 (33d)
STt (31) AIFFUGA B S 4R (33), BB
Aj 1B I R7s N

Aj = Aljé() +A_2jl_<()
(34)

Bj = Bljé()-i-szl_(()

KA, Ay, Bij, Ayj FBy; N 524 #K (34) fRA
A @B, MmN (33), thi g ko 1) R EATLL
PAF R T XN REOAEOTT R, LA E IX 4N A
WL AR IR )

91 =Aj<§0+le_(0 (Z] <Z<Zj+l;j= 1’2"" ’N) (35)
Hrp

Aj=Aysin(pjz)+ Byjcos(pjz)—q; (36a)

Bj :Azjsin(pjz)+szCOS(ij)—qu (36b)

2.3 #AoEMER

SRTERLJE EEMIRBN TR (24) £E45 I T 41T
R R R T SR AR S5 B BB, B
i ZORE TR (24) FF R AL ) R S R T BRI R
. Ak, ek (23) ARG (14), 2SI B
AR o IRELPE S AT 45

11w2
K 37
S, 0 (37)

1 _
VZE‘O = —ZOVZI?() + —VZNT -
So

PR (35) AR 27) BUrni 13

Tz (37) A5 (38) FT LA 2

V22 = agw’ko + a2 V& (40a)
V2N = bow* ko + b V& (40b)
V2 My = cow’kg + 2 VR (40c)
Hrp

ap = 1_—1/13A’ a = /i B—_Bio (41a)
by = aoBa, by =asBs+pBs (41b)
Co = apya, €2 =axys+7ys (41c)
# (23) AL (17) 7T 1

%o = —V2— —0 2% (42)

ksS 10
B, KoK (40b) 5 (40c) M (42) FANTTRE
(24) W43 LA E 1 Hhe 0 75 1 2y B 466 12 WA P AR Rl
(&l kel i ke

AV + 2w VW + (o) + dgpw’)w*w =0 (43)

o
aor = —1lo/S2, any = (fo+c2)/Ks (44a)
ay=+f)/Ks+ fo+C2, as=1+1 (44b)
Jo=(obo—c0)/S2, fo=(20b2—¢2)/S2 (44¢)
Ky =keS,0/ly, ¢2=15/S» (444d)

W I RE (43) W RUE sibsdE B

(V24 ANV +A)w =0 (45)

Hrp

W’ +w a3w? —4ay (o +apw?)

A1, Ay = (46)

244
EETRLIRI 1) 5 B R IR B FH AR B 5 FE mT A
R

(V24 25) (V2 = 2w =0 (47)



% 6 3] RIS D AR AR W RE MR Sob A A4 B 1607
b, 25 = wp (JI5/S5 . wy IR RIS L e 0l =2 Lﬂ;ﬁgi (53)

I ER 3R B0 1 [ A AR, wo™ A AH PRI 1 = hpo |
S5 = Eoh*/[12(1 =voH)] 5 po , Eo Hl vy #2276 2 5] B
(0 L R A R R RA L.

2 T8I AT A S, W5 R (47) 1A A
¥ YL EN]

Wwi=0, V2wi=0 (48)
0 0

Al CAUE I (MLFE 5% A), T2 (45) 7EDUIL R SC 2R R
Al T4 A T R R Ky

w=0, V2w=0 (49)

MNTT, B2 5 RE A 1) 5 (45) 3K (49) H K
(47). 3 (48) FEH: LA, Ar 5 e IR e
AR

A=y, Ay=-4 (50)
K3 46) NI (50), ATf20 [ M4 REOT 2
(_102(4)4 + (ap: +(_12/13)a)2 + (_14/182 =0 (51)

HHZ 5L fo B f 18 SCRT SN, AREOTFE (51) AR
HOR KT IR o [P R 2R, PRI, R ME H k1
AT AR, AL SR L5 SR 1) 5 e g 091 13-1526-27.29,
AL N IEAL, BE4 fo(w) = fo(wo), fr(w) = frlwo), H
W wo A AN LS AR BH B (¥ T g AR SR
A A, WK, HEEXX D) T2 f=£H=0, B
AP BB wo , AR5 P THE AL 5 BH B 2 5001 #R 5K
filwo) F fo(wo), METARA (44) R1GFHFE (51) &R
£, RITRAT D) R 5 B S AR TR 1) B2 A e

12
—(ap; + 6_12/18) + \/(6_101 + 6_12/18)2 - 46_1026_14/182

w =
2am

(52)

t e, K B AL T A3 T3 & 5 1 2R (1
DA (1 i BEL e

Ferh Re(w) A Tm(w) 7359 52 ST (K] S R R .
3 BESERSR

HAH T L 3 R B Ni-SisN, Al AL-SiC P
P 4 AR 25 L 43 R 5 T S P 0 RE R FSE BB .
2 1B T FIR DY Rl Y AT A b ORHE SR T =
300 K RIS 3. BOSOMRMAR 53 07 )2 5 7 1)
2 RE oA BOE SR Ak, T SR 2 KT R A
g 2620

P=Py+(Pe— Pm)(% + %)n (54)
b, n>0 RORPORMEBURS B2 AR Fa 2 P FI Py,
o3 MR R el B Bl G E AR S 8. R
LRSI S350 2K (54) 23R 9).
X (13) mIoH5 R EE RECREPE S 5 465K (54)
RN (30) W57 2 N B REGAR S T2

KT B3 S T7 1L IS AR A T Y
Ha 2627290 5 DT KB ANSHE . AE 5 T B S
HU3 )24 N = 500, 31X CVIE B FE5 w0

TG, fEn = 0 IRFERIG UL R, & 2 thah T 4l
HE(SizNy) WM 1 J7 TE SR AE AN [F) 9% 3 45 25 A id
JE G (a/h) T HIFGEPEBE JE A FF5 AH M IR 8 R Al
BRI &5 FEIEAT T b, et mT DL, il 5 A JEE RS B
K018 T, P PR B TN () B BELJE 2 TR R A
PR ZEAZ K. AE a/h = 101, e KR ZEIEE] T 10%.
—AER 3 T B AN BR AR RN [
I E LT RERE I (Ni-SisNy) 1E 7 TR (=1 pm)
AR Bl I F P BT AR A oA B V8 1 9
&5 FE LI nT WL Bt 4 8 243 (R 386 T, 4 R B S T
DA XS i 25 B 2 3K, R B 45 e s 3R
B, I A 1 1 K BY D) A T ) FA s B 1) 52 il
BSCETES

F 1 INEEHERIRE S MRS BUE (70 = 300 K )4 26

Table 1  Values of the parameters of the material properties of the constituents of FGM micro plate (7o = 300K ) |

24,26]

Materials E/GPa o /(kg'm>) k/(W-m-K™1 C/(Jkg' KM a /(107K v
SiC (P,) 427 3100 65 670 43 0.17
AlL(P,) 70 2707 233 896 23.4 03

Si;N, (P,) 250 3200 8 937.5 3.0 027
Ni (P) 210 8900 92 438.2 13.0 0.3
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*2 BBETELELLHAREE (Si;N,) EH R MREAR EHREMRZS THIAREMEE (07! x10°)(h=1um)

Table 2 TED (Q7!x10°) in a full ceramic (SizN,) square micro plate for different values of a/h in different modes (7 =1 pum)

a/h =30 alh =20 al/h=10

Modes Kirchhoff Mindlin Err/% Kirchhoff Mindlin Errl% Kirchhoff Mindlin Errl%
(1,1) 14.613 14.558 0.38 7.6773 7.6312 0.60 2.1528 2.1110 1.95
(1,2) 6.9934 6.9477 0.65 3.3417 3.2980 131 0.8967 0.8593 4.16
22) 45733 45287 0.97 2.1528 2.1110 1.95 0.5684 0.5344 5.97
(1,3) 3.7261 3.6821 1.18 1.7427 17016 2.36 0.4573 0.4252 7.02
23) 29215 2.8782 1.48 1.3568 13170 2.94 0.3538 0.3240 8.41
(3,3) 21528 2.1110 1.95 0.9926 0.9546 3.83 0.2571 0.2304 10.4

—(0- -1 -1
Err = (Qivetnotr ~ Pnindtin)/ Pirctinor X 100%

* 3 RMIRIRIL TINREM B IE A AR AR METE (07! x 104 ELAR (h =1 um, —IMRT)
Table 3 Comparison of TED (Q~! x 10*) in an FGM (Ni-Si;N,) square plate based on the two plate theories (/=1 pm, 1st mode)

n Theories arh

5 10 20 30 50 100

Mindlin 1.2395 3.3630 6.3841 54018 24535 0.6379

0.5 Kirchhoff 1.2944 3.4649 6.4609 54514 24618 0.6384
Errl% 4.24 2.94 1.18 091 0.34 0.07

Mindlin 24114 6.3177 8.6528 5.4878 2.1874 0.5562

1 Kirchhoff 2.6271 6.5289 8.7886 5.5367 2.1947 0.5566
Errl% 8.21 3.23 1.55 0.88 0.33 0.07

Mindlin 4.4540 11.729 9.5238 4.8808 1.8236 0.4591

3 Kirchhoff 4.8390 12.196 9.7117 4.9278 1.8298 0.4595
Errl% 7.95 433 3.83 0.95 0.33 0.09

Mindlin 6.3314 16.558 10.650 52113 1.9246 0.4838

10 Kirchhoff 6.8618 17.308 10.874 5.2632 1.9316 0.4842
Errl/% 7.73 433 2.06 0.98 0.36 0.08

N T Sk 5 2 A B D) AR X AR BB 1)
Wiy, 5 B 2 A g T AN IR JEE B I F ) A B 1
J7TEAUAR (Ni-Si3Ny) o Hs : BH 8 bt A B 5 3% 2247
P PE 2. P b 5 P R B 85 D) AR T 0 Hh R
ORISR (¥ 52 S 2 . A2, 7 a = 30h B I AR B 18
(SR e Al B0 X UG T3, J /R E R
BRELIS CL25 Hr il E fR

x107*
35 :
—— Kirchhoff
30 —— Mindlin
alh =10 a=b,n=1
25 Ni-Si;N,
- 20
Q
15
10
5
0

h/um
(@) a/h=5,7, 10

B3 g 7K a =100 um (¥ T 68 B
(AL-SiC) 1EJ5 TR ) RGP FELJE BB #4 ORI TR
FEAR AR EONR T RS (AL L. 7EJEBE h < 6 pm
I, B R RELJE B Fi A K (s 4L 1 ) ot
BER A S, ATV L 24 b > 6 um 5 FAGR R B2
YU DAy e 336 48 ) 3K Al P s BELJE B i i R AE —
SE N AR A R A R R AR AR A

x107*
10

alh =30

a=b,n=1
Ni-Si;N,

—— Kirchhoff
— Mindlin

h/um
(b) a/h =15, 20, 30

2 HANFLIE a/h FIDRERLIE (Ni-SisNy) SO BB EBEJE SARUE h BISC R IHZR (—BEEs)
Fig. 2 Curves of TED versus the plate thickness 4 of FGM (Ni-Si3Ny4) micro plate with different side-to-thickness ratio a/A (1st mode)
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FEIX 3 X 8] 1R SR AR A 1T 5 RS 1R B 2% FA 3R 15
P51 . B ] L, Bl R A A AE A R b
JEE A AR s JE) R IXC ] P9 3 — &5 Rt 0 BT e ) 7Y
Tl 2h 73 MBI SR 55 X5 T Ni-SigNy 2070 #4 KL, i
SCHR [27] HH 45 2R R RNAEARCAR ) PRt BELJE Bt B
FEFRBOE I W B AME. e ml WL, A4 R AR
B LKA R R INE S AN R & G B8O R R
% AR B IR B RN ] ILAR S ST R S

%10

35 a=b=100 um
30F =, Sum Al-SiC

Pr1Y AN —— Kirchhoff

- 20H  ON_ AP e Mindlin

15
10
5
0

(a)h=(2,3,4,5) um

A R TR B HR i I (1 2 s

Bl 4 ezt T B A IR LB i 5 1E 7 %
U (a=b =100 um ) [ BH 2 Bl 5 B 5 1) 3%
SR R I 2. 25 SRR I, FAs v BHL e bl A
(10 184 K 6 B 38 0, a2 AR K AE S B R BN (R,
XoF T P A (R AL 43 ARk R Bt , A BELJE A% K
AR AL AR FEASAH ] Ni-Si; N PO B B Je
Toe KR BB S PR B0 K SR 1S I, 11T AL-AIC FIRIH

><104
35
PR
ol S T G R
25+ ”’_”, -------------------
ol b
Q e
il
10
—— Kirchhoff
5 . : : aleOHm
Mindlin - 100,
0 : ‘ X : L 1 1 1 1
o 1 2 3 4 5 6 7 8 9 10

(b) h=(6,7,8,9, 10) um

Bl 3 ARSI T RERE (AL-SiC) 177 TE R (K Rtk B 01 JE S M 4R E n IR AR AE I 22 (@ = b = 100 pm )
Fig.3 Curves of TED Q! versus the gradient index n of an FGM (AI-SiC) micro square plate with
different values of the thickness (¢ = b = 100 pm)

x107

h/pm
(a) n=0.1~0.9, Al-SiC

x10*

a=b=100 um
Ni-Si;N,

h/pm
(c) n=1~10, Ni-Si;N,

x10™*

32
28

h/pm
(b) n=10.1~0.9, Ni-Si;N,

x107*
a=b=100 um

35
30 -
25+
- 20t

IS+
10

h/pm

(d) n=1~10, AL-SiC

K 4 HATAN R SRR T BEAR B AE 7 TR A F e M RELJE RS Z ISR R 2L (@ = b= 100 um)
Fig. 4 Curves of TED versus the plate thickness of an FGM square micro plate with different values of the gradient index (a = b = 100 um )
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FE (Ai-SiC) TR A BRI EE 16 (1 3k LIS T o renhoff
B A5 J5E 1 Al 2. 5 SR B, K o 5 i 5 %1 2 3 4 5 6 78 9 10
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A%, T P B BRAROAR R WEEAEL A BT sk /N . SRTT, A4S A
P BHL 8 HUASH Ve I P 1 5 FE e, BB G B LG TR G K
MR,

N TR BRR B A 0T FA 1 B JE I 5% R,
Kl 7 45 H T BB FE 4 5 n = 0.5 I ThRERRE (A1-SiC) IE
T3 AR 43 770 LA VY 7 A5 25 9 20y 6 ) s B 8 5
JRJER R ML, o AR et 1K 6 (L 4f K
WY, IO S W FEE R G OR (K45 58, 6 B k) 4R B
BEAS A B8 ) St AL B (1 e 5% i) LAk, {H
X 11 T P R e

-4
18 %10
a=b=100 um P
16 Ni-SiN, ="
14 + -
12 +
S 10 +
8l
6r — Kirchhoff
4y Mindlin
2 1
01 2 3 4 5 6 7 8 9 10
n
(a) Ni-Si;N,
-4
35 x10
a=b=100 pm -
Al-SiC ==
30F s ==
25}
L
20
150 —— Kirchhoff
- - - Mindlin
10 1 1 1 1 1 1 1 1 1
01 2 3 4 5 6 7 8 9 10
n
(b) Al-SiC
K 5 TEJ5 TR D RERH BEROAR 1) d5e K A L J (EL KA R B L4 B
AL 28

Fig. 5 Characteristic curves of the maximum TED versus the material
gradient index of FGM rectangular micro plate

h/pm

K6 Al 58 ¥ FGM (AL-SiC) MR ) TED B 5
BRI L (n=0.5, a =100 pm)
Fig. 6 Curves of the TED versus the plate thickness of an FGM
(Al-SiC) rectangular micro plate with different
length-to-wideness ratio (n = 0.5, a = 100 pm)

x107*
30 —KirchhofT
- - - Mindlin
25 a=b=100 um
n=0.5
| AL-SiC
20 mode (1, 1)

h/um
K7 5N ARSI (1) FGM (AL-SiC) 1F 5 TR ) F v fiL 2
BEARZ A Ak A 2R (= 0.5, a = b = 100 um )
Fig. 7 TED versus of the plate thickness of an FGM (Al-SiC) square
micro plate corresponding to different vibration modes
(n=0.5,a=b=100 pum)
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