Open Journal of Acoustics and Vibration 722 5#Z3], 2019, 7(1), 28-40 Hans X
Published Online March 2019 in Hans. http://www.hanspub.org/journal/ojav
https://doi.org/10.12677/0jav.2019.71004

Free Vibration Analysis of Functional
Gradient Mindlin Plate of Arbitrary Shape

Yunyan Yu123*, Xiang Zhu2:3, Tianyun Li123, Wenjie Guol4#

!School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology,
Wuhan Hubei

’Hubei Key Laboratory of Naval Architecture and Ocean Engineering Hydrodynamics, Wuhan Hubei
*Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, Shanghai

4Engineering Research Center of Railway Environment Vibration and Noise Ministry Education, East China
Jiaotong University, Nanchang Jiangxi

Email: yyyhust2016@hust.edu.cn, ¥739633869@qqg.com

Received: Feb. 16", 2019; accepted: Mar. 6", 2019; published: Mar. 13", 2019

Abstract

In this paper, the free vibration characteristics of functionally graded plates in arbitrary shape
were studied based on the improved Rayleigh Ritz method. Assuming that the material of the
functionally graded plate changes exponentially along the thickness direction, the vibration of the
plate is described by Mindlin plate theory and the improved Fourier series is used as the dis-
placement tolerance function. The energy functional expressions of the functionally graded plate
are derived and the natural frequency is obtained by solving them. The convergence and accuracy
of the proposed method are verified by compared with the existing literature. Then the proposed
method was applied to the triangular and circular plates respectively, in which the versatility of
the proposed method was showing. Finally the influences of gradient index, boundary condition
and thickness of the functionally graded plate on the free vibration are discussed.
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Figure 1. Calculation model of arbitrary shaped plate
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Figure 2. Model of rectangular plate
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Table 1. Classical boundary conditions corresponding spring values.
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Table 2. Properties of materials

=2 MRBM

op
ZH
Al 710, ALOs
PR E(GPa) 70 200 380
R p (kg/m®) 2702 5700 3800

TES BT ThREE: FE R AR AAE AT SR, ] 2 From. 43 5id FH DY ) e A0 DO 3 2 [ e 1)
SFAFBATICSE S b . RS HEUTT : MEN AVALO;, KNa=1m, %N b=1m, JEh=0.1m, #k
BT E k=1,

TR ATEIB IUE M ORI N WS, B REDY IS A AR, HUCA R K S0, MR N M10 BB 15, [
B K/NBE M ORI N AR LN 3 . B 3 Al51, 4 M = N = 141, SIS0 EE MR H-E
M RN W3 A4, DR h A g R ek,

Table 3. Natural frequencies of rectangular plate (Hz), F-F-F-F
= 3. i B H(F-F-F-Fa 7 514 T ThBERs B TR B A SRR M s T i B B9 2L 1K (Hz)

4 M=N=10 M=N=11 M=N=12 M=N=13 M=N=14 M=N=15
1 2.95 2.95 2.94 2.94 2.94 2.94
2 439 4.39 4.39 4.39 439 439
3 5.41 5.41 5.41 5.41 5.41 5.41
4 7.43 7.42 7.41 7.41 7.40 7.40
5 7.43 7.42 7.41 7.41 7.40 7.40
6 12.91 12.91 12.91 12.91 12.91 12.91
7 12.91 12.91 12.91 12.91 12.91 12.91
8 13.03 12.99 12.99 12.97 12.97 12.95
9 14.16 14.16 14.14 14.14 14.13 14.13
10 15.83 15.83 15.81 15.81 15.81 15.81

SRIGHEMR B DLV B N LA, B M =N = 14, H KM kBB 10228465 107, LLRIE K A &
s, AR EG SRR 4 fin. & 4 PEARR, SRR RECRWIG RN, ST REsh
FEE A TR RS ) 1 P AR 2 (0 AT S T 1 K e TR« 4 3SR (O I R BOA B k= 10M i 45 S C 2l
AT AN F 3 B B AR B D1 B R AR TG 75 KR P A

Table 4. Natural frequencies of rectangular plate (Hz), C-C-C-C
% 4. AR 32 (C-C-C-C)ThRERD B AETAAR (B A ST 5 2 M A (B 3R 1K (Hz)

B %k K=hk=10" K=hk=10" K=hk=10" K=hk=10" K=hk=10"
1 7.58 7.60 7.60 7.60 7.63
2 14.56 14.62 14.62 14.62 14.65
3 14.56 14.62 14.62 14.62 14.67
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Continued
4 20.47 20.58 20.59 20.58 20.65
5 24.16 24.32 24.32 24.32 24.33
6 24.39 24.54 24.54 24.54 24.58
7 29.29 29.50 29.50 29.50 29.60
8 29.29 29.50 29.50 29.50 29.60
9 35.80 36.12 36.12 36.12 36.17
10 35.80 36.12 36.12 36.13 36.24

4.3. EREMELEE

AN EAF LGN, ASF R B DR b R TEAR K TC B 4980, Ko |mMNMmE S A M
BRGE FRT LG, SR AE AT VETE SR A T R A AR 1) 4R 50 1 1 A 2

EHIBIK N a=1m,b=1m, EESHNh=0.05.0.1.02 m KITRERS AR, #ENY AVALO;.
T S T AR LA AR 1 RN y = wa®\[p, [E,, [h» 53CRRIISIHEAT O, W12 5 B

Table 5. Natural frequency parameters of rectangular plate, (S-S-S-S, AI/AL, 05, a/lb = 1)
% 5. PHiBfE S(S-S-S-S)ThRebh AR AR TL BN E B IR (M H AVALO;, alb = 1)

FPRHIBEE 20 &
0
0 0.5 1 4 10
0.05 A 0.0145 0.0124 0.0112 0.0097 0.0093
SCHR[15] 0.0146 0.0124 0.0112 0.0097 0.0093
0.10 AL 0.0558 0.0475 0.0429 0.0370 0.0353
SCHR[15] 0.0567 0.0482 0.0435 0.0376 0.0359
0.20 AL 0.1992 0.1705 0.1542 0.1317 0.1246
SCHR[15] 0.2055 0.1757 0.1587 0.1356 0.1284

FHM B AVZI0,, HHTEBNHE y = wa’\[p, [E, [h» 5HRI16J#T . W17 6 fis:

Table 6. Natural frequency parameters of rectangular plate (¥ = wa’/p, /E,, /h ,S-S-S-S,h=0.1,a/b=1)
% 6. MNR TR E ETAR T BRNE IRy = 0a’\[p, /E, [h, S-5-S-S, h=0.1, alb=1)

FERHIBREE PR &
Rk
0 0.5 1 2 5 8 10
AL 5.5801 5.2672 5.1491 5.1328 5.2240 52232 5.2044
AVZx0,
SCHR[16] 5.7693 53176 5.2532 5.3084 5.294 5.2312 5.1893

HS. A 6 hERRW], XEMAEL EREITHRER R, AT S RS SR AR, B
B T AT ERIHERR .

4.4. THHEME B = AARAYE i B B iRahFrE o4
AATRT DR = F TEAREAT 25 B 1 e AR, RO K A M a=v2m, b=v2m, c=2
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Table 7. First six natural frequency parameters of triangular plate under different gradient index

F 7. NEWEEIEB T IIRER E = AARAT /S T B R E FInE

FORFES RE 15 &
Bk
0 0.5 1 4 10
1 6.99 5.94 5.36 4.63 4.42
2 13.49 11.51 10.39 8.93 8.48
3 17.21 14.69 13.28 11.38 10.79
4 22.25 19.03 17.21 14.70 13.91
5 25.71 22.02 19.91 16.99 16.04
6 31.25 26.81 24.25 20.63 19.44

4.5. ThHEHEE R th B BB iRz o4

XD RERG FE R AR AT 25 ih B IRBD RHE 0T, BRI LTS EON ¥R R=1m, h=0.1m, #E
N AVALOs, THERSCAS A PR, SEONEEMIR, Wik 8, MRl IR 16 1R 0
Ko FHIFI B B [ A7 005 S 3 A

Table 8. First six natural frequency parameters of circle plate under different gradient index

8. NEWEE IR T IIRERE E EFAR AT M T BNE B RE

FERHEIBE SR 5L &
Wik
0 0.5 1 4 10
1 2.76 2.38 2.17 1.84 1.72
2 5.25 4.54 4.13 3.50 3.27
3 5.25 4.93 4.48 3.81 3.57
4 5.73 6.15 5.55 4.79 4.57
5 7.34 6.34 5.79 4.89 4.54
6 9.30 7.97 7.21 6.17 5.84

4.6. BEEIRY & M TNRE BRI E RIRR RN 54

AT IR THRERA L TR AL, T S A% A RIAR J5- 4556t ] A6 1) 52

e IR R B IR M S AR A R AR R, K a=1, b=1, EEh=011
THEEMSFEMR, MEN AVALO;, JAFr ANVIARE . PiAfEi . —iAE 2 =il H b RIEENE,
TEE 3.

M3 FTLLE H, BEEREIREON R, B A IS IZ T AR, F2 PR R B R FE PR B0 K
TP, HMAFEL A =5 MZnT W, BEEERBOAIRINT, DY 8 [ SO A A e iy, — 12 [ SRR
[IESPHES 41
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Figure 3. Curves of the first-order dimensionless natural frequency
of rectangular FGM plate with gradient index under different
boundary conditions
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Figure 4. Curves of the first three-order dimensionless natural
frequency of rectangular FGM plate, S-S-S-S
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A7 AR BT PR, X2 R AR B K, RN S5 RN BB AT AR . (RIS thm] LATS H D BE AR P 48 Hoxt
AR AR [ A7 40 2 ) B i S5 B R A T oK

LU R B 4R BOn B 2 SR B FEE IR R I A K a = 1m, b =1 m, B9 h = 0.05
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Figure 5. Curves of the first-order dimensionless natural fre-
quency of rectangular FGM plate with gradient index under

different thicknesses
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