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(r,0,z),z
0 .0 - 2
8_0§+ 81%+ Ogg%: p%ah%é,
(D
0% T 0% A w
a€+ €+ 8184_ pcahat2
&= r/a, ¢= z/h, u= u/h, w= w/h, €= h/a, P= /P,
Og= G/c¢, = /¢, k= OS¢, Tw= G/¢, ¢j= ¢j/c, (2)
(& pl 5 5 Ur Uz
5 Orr; ozz; OIZ %9 5 t 5 p(Z) 5 cy(z)
cij P 14
Og = 011888_%+ 6128%+ cwg—ué, Oy = c13[888_2+ 8%]+ 03388_12,
du o  ow du  _dw (3)
Og = c12€£+ 0118€+ cB 5 T = cu 3¢t Sﬁ .
w= DKEf( &, w= k(K gl ¢e'", (4)
® sho(e)  hi(e) 0 1  Bessel Lk
(4) (3),
Og= [(Genf+ ci3g )Jo(kE) + € cn— cn)f & 'N(KE) e,
Oy= [(Gcrf + c13g )Jo(kE) + € en - c12)f§71J1(k€)]eiwl, (5)
0= G(C)Jf( k&)™, T = F(L)N(kE)e"™,
4
G(2) = cng + 8erf, F(2) = ca(f — the). (6)
(4 (5 (D
F - &(&ef+ cng )+ P =0, G+ &F+ PPg= 0, (7)
Q 2
P= PhZY . (8)
(6 |
g/: 3 G- %}’cc13ci33lf,f = cuF+ &g . (9)
(9 1 (n 1,
F ()= [EF(cu- chen)- PRI+ 8eienG. (10)
(7 2 (9 (10) :
R (% = MR(Y), (11)
R=[f G F - g :
0 0 - &
0 0 - & P
M= (12)
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M g Cij, (12)

cQ;M P= poe}\é( & Q) -z =0 A
(11) : .
G= G(&)e*, F= F(g)e",
(13) (11)
R (%= MR(Y,

R=1[f G F - g
0 0

0 - A
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Echi— (13)(c%) '1- Q% dehich) !
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(15) M ; (14)

R(¢)= "™ R(0).
(16), g R(¢) Z=0
t= 1,
R(1) = TR(0),
T= ¢ . [9]
(17)

o= = 0 c= 0 1.
(5 (13),
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(19) (17)
FE
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Ts T i (20
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TnTsu—- Tul'sn= 0.
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(4 (5
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w=0, Ecn- cu)u+ &= 0, E= 1. (23)
. [2]
R Ding
k
Ji(k) = 0, (2A)
(4 (5
u= 0, T =0, £- 1 (25)
. [2]
, Ding
(2) (24 ki > 0, ki (21)
Q.
, 1 z
1 z=
9,/ GPa Y,/ GPa 35 /GPa ¢% /GPa Y, /GPa P /(kg/ m3)
139 77.9 74.3 115 25.6 7 500
2
€ A=0 A= 05 A= 1.0 A= L5 A= 2.0
0.1 0.013 3(0.013 3 0.013 3 00130 0.012 6 0.0122
0.2 0.051 6(0.051 6 0.0513 0.050 4 0.049 0 0.0472
0.3 0. 110 5(0.110 5) 0.1099 0.108 0 0.1051 0.101 3
0.4 0. 184 8(0.184 9 01838 0.180 8 0.176 2 0.170 1
0.5 0.270 0(0.270 0) 0.268 6 0.264 5 0.258 0 0.249 5
0.6 0.362 6(0.362 6) 0.360 8 0.355 5 0.347 1 0.3362
0.7 0. 460 1(0.460 1) 0.457 8 0.451 3 0.4410 0.4277
0.8 0. 560 8(0.560 8 0.558 1 0.55 3 0.5382 0.5225
0.9 0.663 4 0. 660 3 0.651 4 0.6373 0.619 3
1.0 0.767 3 0.763 8 0753 6 0.7377 0.717 4
[2
3
€ A=0 A= Q5 A= 1.0 A= L5 A= 2.0
0.1 0.033 3(0.033 3 0.0331 0.032 5 0.0316 0.0304
0.2 0.1233(0.123 3) 0.126 0.120 6 0.117 4 0.1132
0.3 0.250 5(0.250 5) 0.2492 02453 0.2392 0.2313
0.4 0.398 5(0.398 6 0.3% 6 0.39 8 0.3817 0.3699
0.5 0.557 4(0.557 4 0.5 7 0.547 0 0.5349 0.5193
0.6 0.721 5(0.721 6 0.7182 0708 5 0.693 4 0.6742
0.7 0.8879(0.88 1) 0.8839 0.872 2 0.854 3 0.8315
0.8 1.055 1(1.055 §) 1.0503 1.036 7 1.015 8 0.989 8
0.9 1.222 1.216 7 1.201 0 1.177 4 1.148 2
1.0 1.38 8 1.3825 1.364 9 1.3385 1.306 3
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Free Axisymmetric Vibration of FGM Circular Plates

WANG Yun'?, XU Ronggiao', DING Hao-jiang'
(1. Department of Civil Engineering, Zhejiang University,
Zijin gang Campus, Hangzhou 310058, P .R . China;
2. School of Mechanical Engineering, Hangzhou Dianzi University,
Han gzhou 310018, P .R. China)

Abstract: Based on three dimensional theory, a direct displacement method was presented to investi-
gate free axisymmetric vibration of transversely isotropic circular plates, whose materia is functionally
graded and its properties obey the exponential law along the thickness of the plate. For two boundary
conditions the solution satisfies all basic equations and corresponding boundary condition at every
point and thus is three-dimensionally exact. Numerical examples were finally tabulated and compared
with those of previous works. The present method can also be extended to the case of arbitrary distri-
bution of the material properties along the thickness of the plate.

Key words: functionally graded material (FGM); circular plate; free vibration; axisymmetry



