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Vibration analysis of a T-coupled plate structure
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Abstract .

Here, an analytical method, the improved Fourier series method (IFSM) was presented for the free

vibration analysis of a T-coupled plate with general boundary conditions. The in-plane vibration and out-of-plane vibration

were taken into account via four types of coupling springs of arbitrary stiffnesses. Regardless of boundary conditions, the

transverse and in-plane vibration displacement functions were taken as a new form of trigonometric expansion with

accelerated convergence. The displacement functions could overcome all the relevant discontinuities of the elastic

boundaries. The expansion coefficients were considered as the generalized coordinates, and they were determined using

Rayleigh-Ritz method. The free vibration analysis of the T-coupled plate with various boundary and coupling conditions

was performed using the proposed method. The reliability and accuracy of the proposed method were validated with the

FEM results. This study provided a reliable and theoretical basis for vibration control of coupled plate structures.

Key words: T-coupled plate; Improved Fourier Series Method (IFSM) ; general boundary condition; energy method

3 Al 45 F) A S B R IR R BTz B, N
2SR MAASEAL AU TR | AR TR A4 TR SR
FATEAN T TS AR S A IR S Rr 1k A" fE B A 3t 56 1
IRREE BT, A BT IR B S B TR BT A 20K
TER T REE T T, 25725 A% 3 B 45 30 AR i 2 7
SRR A A THT P A N R BT L) 38, T T P A% 8 ]
WG AL oA — W e o 2 i . T W
B AR 2l AR5 P A T AR TR IR 30 A 2800
PRENFAERON B k. TR, 3 AR RO 2 1“2 3 T
BRI TERR S A F IR Sl R E o A

X TR AR A 4% Bl 1 , Cremer 251 3 T 4 i

BAWH : 5 8 2 K4 (2011668004 ) ; B} 57 3 [ bR R & 7B H
(2011DFR90440)

Wk HT: 2013 -01 -10 &Rl H 472013 -03 - 11

HEE RS Lo W HUR LA I, 1965 4 12 A4

B XS A 1 B L A ) T R R & A 245 4 i 2l ] ot
FTWFSE . Shen 252 5 1o 465 25 1 107 8% R AR (15 28 71 DAy A
b SRR PEL A5 2 T H A Al s 14 1 25 il Pk 30 9 3
AT . Kessissouglou 45 R F 2y R J7 16 7. 7 A 45
FTIWERE L — RURE A M b 44 75l 4% 3 45 1 o g sl g ok
FERERY I ELTE 1 1 P AR Sl X T 2 23R A% 33 e 1)
S, FEE P, BB I RE A BROC T M XA
MR ZEFYTESZ WA AH I ST 1 M 75 U VR T i g
TR N A R R AT TR, S ST RE R b
P IUEIZ IR M B . AR R R 2 o
gt T AALE R BFSE R 5 AR 2540 Th IR Bl i % 388 S o3
Tikte, EZEEFHSMNRRHEARY THES
WEEFI AT S5 F B S D R AL RS, 5 i T
N FIR S i I8 ) 2R 3 s ORI % 8 B4 2 A 1%
1 PR F Ak 2, X TP ARCER A A SCih A HAR G



186 W 2 4

i 2014 455 33 3%

FHRE R L A1 R B A5 R ) S IR A e O ARG
5 AR T BGE S RO A X L RS A
PRBNFFEREAT T ARSI 0 M. R BTk, BUAE KRR
I3 I R R PR T 8 L S 2% P el S LR R E R
61 RE RO S AR A AL, X AT i BR800 (A
FERMOEE) 1 T RO S ARESHIB L HEB D WL o

Lt 4R T — e (o B 80 IR T
PSR T REH IR SRR o BEJR %07 1 B 4k
E/ AR ES RS N Il s s  EA R et v i AP

ARTOH Li St 07 i 2 T RO S AR 45+ A h
PRENFFEII T K T BURES Al 14 ThT A IR 3 7T Sk
AL PR 7 O — Ff A R L i R RO X i) .
IR )5 R ] Rayleigh-Ritz 757 355K fif 5 T e i IR AY B0 AR
B H 7, 5 31 56 TR POUR T 2 KU A v R AL
Rl o B 3k 25T 1) 45 A Y 588 SRS T B S 4
IR 3 FE 1 O, J08 3 3072 A 7 5L 6 ) 2 {1 DR /0N T 1
B STBLAS P AR A O i . A SO R A
FESCHRL 7 ] e s b AR I , 7R A i A b o ey
R0 BT IR B R AR5 A T T RS
FARES AL R SRR )

1 TEBFBEHRIBILER

1.1 #REHEIR

ARSCHESE Y T BURE S AR S R A6 TR K AR L F) A b
AWK 1. B Lt 1 AIAR 2 408, B L
BTy =y I AR 2 0F 2, -y, PRI AL A
B2 BAMFERTERE A MR350 ), ay  hy F
hy o PIBGEIE AN IR (2, = ap 8 x) =, ) 45, HARXT
(8 G F TS A o FIARHR 2, = x, SEHR, X T
TS MR (25 RSl ) 930 9 25 PR P 1 5 3 23 oy A
(R 1) 2 P 3 A S HE AT 2 240 SR L 38 S R AL, T
TET PRLAIR I F930 53 26 R A i 1) 32 % B V0 1) 2 7 249 TR
SR SRR . DRI, SR FH U 258 39 8% 424 50 A AE 45
AR S RS L5 O TR 3G i
T Ky oKy Ky Ty P23 524 SR 1 2 53 53]
FRARIL 2, = o, (THISM 0 NIR S 26 ke,
oy oo R K VUSEAR 5 5428 M BE R A iR PR A 22 ] 11

BT SR 2R TR AR S AR R

Fig. 1 T-coupled plates with elastic boundary conditions
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Tab. 1 The first six natural frequencies

for rectangular plate (a/b =2)

CCCC
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Haz TR TR AR H
1 199.33 98.309 98.31 199.11
2 258.11 127.30 127.3 257. 64
3 363.09 179.07 179.1 362.27
4 513.61 253.31 253.3 512.39
5 518.90 255.92 255.9 518.13
6 576.42 284.29 284.3 574.99
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Fig. 2 The first four mode shapes for completely clamped rectangular plate based on the proposed method
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Tab. 2 Natural frequencies for rigidly coupled
T-coupled plates (x, =a,/2)

BEBIK  ASrik/He  FEA/Hz B 22/ %
1 42.193 42.008 0.44
2 55.877 55.453 0.76
3 63.194 62.988 0.32
4 87.290 86.706 0.67
5 89.562 89.400 0.18
6 101.31 100. 94 0.36
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Fig. 4 The first six mode shapes for T-coupled structure with rigid coupling conditions (%, =a,/2)



Al A T AR AR IR BT 189
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Tab. 3 Natural frequencies of T-coupled plate with different coupling condition( Hz)

x,/m o/ (°) BT IR
1 2 3 4 5 6
30 18.273 26.499 36.494 54.548 60.938 62.245
(18.256") (26.468) (36.460) (54.537) (60.900) (62.200)
0 60 18.274 26.505 36.507 54.550 60.938 62.254
(18.256") (26.471) (36.472) (54.538) (60.895) (62.206)
120 18.274 26.505 36.509 54.550 60.930 62.255
(18.255") (26.470) (36.473) (54.537) (60.883) (62.203)
30 25.917 29.475 60.932 61.858 64.059 73.279
(25.857") (29.154) (60.887) (61.784) (63.743) (72.290)
0.5 60 25.917 29.486 60.937 61.858 64.075 73.364
(25.857%) (29.165) (60.891) (61.784) (63.758) (72.366)
120 25.915 29.488 60.937 61.855 64.078 73.384
(25.855%)  (29.168)  (60.891)  (61.781)  (63.762)  (72.385)
30 26.900 36.457 45.723 62.658 69.282 71.258
0.8 (26.749") (36.145) (45.542) (62.474) (68.462) (70.952)
60 26.904 36.458 45.755 62. 665 69.323 71.261
(26.752%) (36.146) (45.576) (62.480) (68.502) (70.955)
120 26.905 36.456 45.756 62. 665 69. 328 71.258

(26.753%) (36.144) (45.576) (62.481) (68.507) (70.953)
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b AT EAR AR 2 ARG A BT S R  H R GE [ the coupling springs: K, =10° Nm/rad,k,, =10° N/m,

AWEFEAK s XTFRG A HLNTENR | B0 E x4 k. =10 N/m and k,, = 10* N/m(x, =a,/2)

BEHE FR G000 [ A R BUR RO . (HRS AL AERR 1 1Y) BSHIR  ASOik/Hz FEA/Hz 25/ %

fiHE x, =0 m B, T BUARSS U AS A L AU 5 AR 45 4 o ! 16.305 16.273 0.19

PR IH P26, A S 7 0 7 R AR 4 0 R0 T 5 3 e . e . o

735 A I S BT AT 68 1 S IR (1] 288 TR 5 A 285 440 1) 4 2 4 40: 813 40:467 0: g
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VRS L NI B R A R R AR RV RT RS L 5 R 6 54.397 54.380 0.03
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M 1 A A 1 AN RN PN 3R Bl 2845 5 R T S Tab. 5 Natural frequencies for T-coupled plates at 45°

57, M2 Hx, =0,y,=0 Flly, =b T AR N R 33 with the coupling springs : K, =10" Nm/rad,

BAPF R R S RIE S, 32 4 B T IR T ke =10" N/m and k, = 10 N/m (¥ =a,/2)

BT R A REEH RGCIHT 6 By AR, w34 BEESHIR ASORL/Ha  FEA /H fi /%

RO HETT 43 BT T 60, A% SO 1 B A 8 1 et ; e e .
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SN B R K. =10" Nm/rad k, =10 N/m i k,, = 5 52.553 52.522 0.05

6 56.939 56. 896 0.07
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