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ANALYSIS OF FREE FLEXURAL VIBRATION OF RECTANGULAR PLATES
BY THE FINITE DIFFERENCE TRANSFER MATRIX METHOD

A H A2 H R EM
By Yasuhiro MIGITA and Yoshihiro ENDA

This paper is concerned with the analysis of free flexural vibration of rectangular

plates by the finite difference transfer matrix method.

In this method, the algebraic computations are conducted by the transfer matrices
which are formulated with the use of the ordinary finite difference equations for the dif-

ferential equation of plate vibration,

The proposed method is efficient to reduce the size of the coefficient matrix of simul-

taneous equation in the ordinary finite difference method and finite element method,

Some numerical results are also presented to prove that the proposed method has the
wide applicability and possibility of future development of structural analysis.

Keywords . rectangular plates, free flexural vibration, finite difference method, transfer

matrix method
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RO 0 Ry O
1
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cf. Fle. 3)
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I
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-
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¥
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KiaKij1 +AK

Fig.2 Flow chart for numerical calculation of free flexural

vibration of plates.
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EEANT PVICEERZ, IHILFZOEMNRT PIVE
MOEMRT PVICBESBATND. COFHKEFIIOV
Tk, Xk 33), 37) KERLTWaDTERBEATIZV,

5. BUESIEEEE

ABYTERIBLTNS FDTM B0 HERERIEO
& Fig.31ITR$ & 5 /2 case (a) : AHARMIEFIR,
case (b) : £ AMH, 4 HXHR (VWFNb, a/b=2.0)
KESTHHE p FBBRINBEEOMIFE 1 ~ 4RO
MAiEE s & CIREE— F2Ro, BREOKBRLIEBL
1.

BT DOBITIZ OV T, RFMEEZRL, 1/4 WEIC
DSVWTHIBEHE TV, PRE (x=a/2, y=b0/2) @
w, My 2 BREORERY D B L, Table7, 8 1IZ/RL
TW5a. 77, case (a) OHRED M, 2 BREOHRY

F.E.

8. P.S.
a a
a/b=2.0 a/b= 2.0

case(a) v case(b)

S$.5 :Sinple Support , F.E. : Free Support, P.S. :Point Support

Fig.3 Models of numerical examples.

Table 7 Numerical results,
(w, My, case (a), v=0.3)

Type x=2a,/2 , y=b/2

of

niesh w ew My €My
4 x 2 0.6461 2.05 0.01162 0.35]
6 x 3 0.6390 .95 0.01160 0.7
8 x 4 0.6364 0.41 0.01159 6.09
10 x § 0.6352 .32 0.01158 0.09

D.5) [ we Mys
sol. - 0.6330 = 0.01158
Hotti, pads/px 10703 pa2

(-0
i )’l_T)—
The errors €w » My etc. are calculated by the seme equation
in the other tables.

x 100

'8

Table8 Numerical results,
(w, My, case (b), v=1/6)

Typo x =a /2 y=6,/2

of

mesh w ey My €My
4 x 2 0.0t421 1.590 0.12174 0.28
6 x 3 0.01414 1.00 0.12195 0.45
8 x 4 0.01411 0.79 0.12202 6.51
10 x 5 0.01410 0.71 0.12209 0.56

5)139) W.s Mx,s
sol. = 0.0140 = 0.1214
Kuttt. pad /D pa2

EHETH®E, 20T 2.36 % (4X2HE)~0.39 %

(10X553%l) cH v, FEREETSTHS .

BT IRBYENTIC D W T OKET B R, Tabley,
10THY, Fhititd 5EHE— FiEFig.4 TH 5.
KIEEIERAR T, HEORKRY 0L LERIZERL
Ti5. case (b) XDV TE, BEDCRKRO/HAIVS
Of@ (series solution) |[ZIRWETH 5.

Table 9D m, n 13€— FETH 5 »%, Fig.4 case
(a) DE—FiIZTh&E—8LTHBY, £z, case (b)
IOWTHEEORKREVE—-H LT WA, Fig. 4Tk,
Reed® #3575 7z case (b) IZDOWVWTOREER & LE
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Table9 Numerical results.

(natural frequencies, case (a), y=0.3)

— D
“TeLRITH

1st. 2nd. 3rd. 4th.
Type wen= we2,ae1 me3,n=1 mel,n=2
of - JR—
nesh Ty o 2 oy Ty ey A LA

a'x 4 47.23 4.30) T4.98 5.04| '116.65 $.09 137.74 17.90

12 x 8§ 48.40 1,93 11.17 2.27 122.94 4.19 153.81 8.33

16 x 8 48.81 1,09} 77.94 1.29 125.26 2.38 159.80 4.76

20 x 10 49.00 0.71] 78.31 9.82 126.35 1.8¢ 162.64 3.06

24 % 12 49.11 0.49| 78.51 0.57 126.94 197 164.19 2.4

28 x U 49.17 0.36) 78.63 0.42 121.30 1.79 165. 14 1.57

32 x 16 49.21 0.28) 178.70 0.33 121.53 ¢.61 165.76 1.2

2.5 | %y, @2,0 @3,s .-
ol = 49.35 - 178.96 = 128.31 - 167.78

case(a)

case(b)

N =38.7(38.3), T=0.026{(0.026)

ist 2nd

N : Natural frequency (Hz), T : Natural period,
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Table 10 Numerical results.
(natural frequencies, case (b), v=0.3)
- 1 D
mTEL e T
Type 1st. 2 ad. 3rd. 4 th,
of
nosh T, ol ® o T, o 7, o
8x 4| 919 |1.08f 25.87 |5.93) 9195 |z.68| 47.50 |8.48
12x 6| 9.2¢ Jo.sa| 26.74 |2.6| 3245 |1.a8| 4s.03 308
16 x 8| 9.21 [0.22] 27,06 J1.60] 3261 |o.67] s0.77 |2.37
20 x 10 | 9.21 |wo22) 2121 |1.05] 9z.69  Jo.uz] si16 [1.62
2% 12 | 928 |o.u1f 2.3 |o.73] 9273 Je.s0f 5138 1.9
28 x 14 9.28 Jonn| 2735 Jess| 3276 Jezr| 5051 Jo.e4
32 %x 16 | 9.28 |o0.11) 27.38 |o.a4| 3277 |o.18| sies [ 0.76
LA T8 3,8 Ty
29),40) ®1 ®1 w1 1
sol - 9.29 - 21.50 - 32.83 - 520
%2 2 2 x2
9.46 29.50 370 56.20
*3 %3 *3 *3
9.19 21.13 32.65 51.37
#*1 : Series solution ®2 : Ritz mothod *3 Experiment

The valwes of K| are used to calculate oy

N=521.2, T=0.002

N=136.5(138}. T=0.007(0.007)

 ):

3rd

Experiment

40)

Data of experimen%O) 2024 alminum, 25.4x 50.8x 0.44cm (10x 20x 0.173 inch)

Fig.4 The mode shapes of free flexural vibration of plates.

35128, EEBRICHW S N1z 2024 alminum, 254X
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H, 2A8HTRORICOVT HEEETE 2T - 12905,
BEOKRYLORKNEEZEX1KRTO0.1%, 2IRT
0.7%, 3I1RC0.6%, 4IRT0.8% THY, T—Fb
BEE DR E—F U1z,

ZhesoZ &id, FDTMENELWEBTETH B 2
EERTHLDTHA.

BE< MY v 7 AFRERAVAEE, EERESEL S
LZEEMPBLNZVI LD BH, KFEHTIE, 5
SIEAT16 X8 (fREEHATI5E) Dl EIZ >V TI3BEL
BEEET M)y 7 AEOBTFIHO S TIRIEBRMSE N
Bpo1zDT, 16X8TIE8 T, 20X10 TIH10 T, 24
X12 T1x 8, 16 T, 28X14 TI137, 14, 21 ¢, 32X16
T 8, 16, 24 TRHRZ PIWVDEMm%EIT> T Tabley,
10, B LU Fig.4 87,
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