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Free Vibration Analysis of Rectangular Plate with Elastic Supports
—Formulation by the transfer influence coefficient method—
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(Received November 20, 1991)

This paper describes the formulation for the analysis of the flexural free vibration of rectangular

plate structure by the transfer influence coefficient method, which was developed on the base of the

concept of the successive transmission of dynamic influence coefficients,

For the analysis of rectangular plate which two opposite sides are simply-supported edge

condition, the results of simple numerical examples demonstrate the validity of the present method,

that is, the numerical high accuracy, the high speed and the flexibility for programming, compared

with results of the transfer martrix method and exact solution or Leissa’s method.
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Fig. 1. Rectangular plate

convention.

with co - ordinate

h—y 0 oy
o 7) A,
_ ERp®
D_12(1~ v?)

ola, Ev Habe] FrIYAS, vi= Zolpu], pb
Ax, 5 AZkelth, xhme] My #% 00 7S
sla, mENHES] B4 T yuteke] o o
Hlz
[+]

A g3t Pope,
il 1 9
5 T v 5E=0 )

y=0, bol 3leiA ke trER|AlEe] 9w, =
EEE Ao, W w, v,

wix,y, )= W (x) - sinyy - & 3

v(x, 9, )=V (x) - cosyy - &~ (4)

A7, e IFAANESF|

y=0n/b §=1,2, (5)
ofwmi, ¢%& yujake] wl sineshel F-ofct, Al (3)z}
DOEF A7 A (D)3 (2)ol s,

W (x)=A,coshax + A,sinhax

+ AjcosPx + A,sinfx (6)

V (x)=Ascosh ex + Agsinhex (7

714, Ai~Ass AAAZ7) o3 AR E o)A
Agol =,

a={w(ph/D)'* + y312,

B={w (ph/D)2—y*}"?

w={2y/(1-v?)}'"? (8)

y& =89 Hael g7l 6, xdol 449l whd
2] ©igjAdolrte) zulske) S7kAe q, F3R$ul
E m, yubdke] WulH oty o=,

oW W, . W
#= ax 17 ax3 + 2= oxay?’
_ W Eh_3V

v 3 ST ¥ 0) ax
oli, A(9)ef A(3), (4)F uiaisha c}&Ae of

(6, g, m]=1[0x), Q(x), M (x)]sinyy - &

—314—



1

W(x) bn bxz 0 bn b15 0 C1
@(X) bzx bzz 0 b bus 0 G
V| |0 0 & 0 0 be| |G
Q(x) by b 0 by bs 0 C
M(x) by b; 0 By bs 0 G
S (x) /5 0 0 bs O 0 be's G J
(12)
of 741,

by =coshd;, bi,=sinhd; b,=sinu,

bys= cosu;, bzx—dlbw, b =d by,

be=-drbis, bis=dobiy, bas= coshy;,

bss= sinhn;, b“—%blz, b= di by,

byu=-dibrs, bis=dibis, bsi=dsbi,

ba=dsbiz, Bsi=dsbis, bss=dsbrs,

bas=drbsg, boe=dobos, @=as/a,

A= a:@ = af n=4aE §=a/b,
a=[or?(1+ &) + &%,

f=lan* (1+ §)-871"7,

= &2/ (1-v)]"%,

6 =wa*/[x*(1+ &) (D/ph)'"],

£=Con, di=a, &=-8

ds=&*(2—v) & as,

di=—&(2—v)f— B,

d=&v—a% d=&v+ B

d,=6(1—v) &/ o* o=h/a (13)
a4 jol #HE, $=o A jo} j-lelAe} el
| Z=t(d, *f),% Z,Atole AR ot 4y
o},

Z,=F,(x)Z;.,
F;(x) =B, (x)B,(x) (14)

o374, F;(x)E 8.4 7o #HE=3 & Apo)o] A

4
=]
Gofeds F, YrAgEdseln 1 sak ¥

8 W) HHIREENT

Foll el
Al(14)F HAdE d=4(W, 8, V)o} dWE f=
QM Sl N3 FEvjealag e,

7, -l sl (1], )

7 J=1

R, 4 8,8 3x39 =jEd]solc}
f) a0l tHsled Wghsbd of 53 3

= E']:‘l! PJ' ij
A (15)% *(4d,
ch

9, 214, 08

Cae J

A1 (15)SF 4] (16) 8] $418] A%oHE.
of = 2l el Aol gk,

Yot 4z o

BT ERY E2 A #FE

ALl AL jol 2254 S 3014 el do ¥
B‘HE{ s f/L}C’]f] -‘4'74]-— D}v——_p}- 7Lo] ;d_,]z;}.;}.
dj:ijj, Tj:tTj
d=TA, T="T; (17)
o714, T, Tr& 3x3¢ B sHE2ls
ol DHﬂUHEE_}}\o]r;},
. DR EARYe EHE 3 ZIE
oz
A1(16) 2 (17)oll 4] s el
RE = EERE,
U,T,=H; (=2, n) (18)
o714,
U,=T-,'R;+8,, H;=T,.,'P,+Q, (19)

A jol At Aol gleiA,

UelA] B

i‘r‘ﬂy

f,=f~K,d, (20)

o 7] A,
E 0 0

K=|0 K 0 (21)
0 0 0)J;

o]},

AT (200014 Bt gERe] EE HER



x #® -8B ® &

0,T;=T, (22)
o171 A,

oz, I+ mtgisiE=iso|th
A9l BE 9 Tole (EERL AP, A
(17)~ (20)02% 8 A= —-FE (HERe,

W,T,=H; (=2, n) (24)
o 7],
Wj:Uj+ HjKJ‘ (25)

2. M ooilAef BB EERK

LIPS
2 4ol oA, 144<ﬂaw A
sel Hze AAA F, BA 08 Az 7
F)e ALt EiLaﬂﬂ;wﬁ%xhbv1$_ﬂq}
A0

sk, ek A4 09 AAEAE T 3
SxolAel BN HEAE el olu)
dojzleh,

=K, (26)

714, Ko A olre] ZQlevjez|zolt),
2z, Kot Eolmlegaal 4 Ko e~
b FeiAA gome, A 09 WA 1ol B
A A9 Kog aie AHSgk ool
ol &5},

U,T,=H, (27
714,

U,=R,+K,'8;,, H,=P, +KQ (28)
A (28)9] Koo 249l Ak iﬂzd*ﬂ%%iw*—
ko Koo} 3k AAE zAslnzs 2E AAZ

4% 4 gleh,
RHHHERX W HARS BRE
FERRCEAS BB 38 Az e

F 2Rz o 2 4 sk 4 K.=02 A
f,=T, =00l A A7) (18) 24,

U.d,=0 ' (29)
2 5132, d, #0022 REwriEe oo 2o,
U,=det(U,)=0 (30)

o g, K,#02 %ol oisixde AANFH
(20) o2 HE,

1+ K,T,)f,=0 (31)
2 53, T.9) k) 4 (18)% ol 83id,

T.=U."'H,='H,U,™’ (32)

4] (32)& A (31)oll N5k,

WU, ' T,=0 (33)

o714, f,+00l 2 iRESCHENL,

det (WU, ") =det (W,)/det (U,)=0
Wo=det (W,)=0 (34)

2 53, AsgAder 4(34)E K.=03 7359 A
(30)% 238t UeE & F Ut

REEOFER (34)o —aHs A& EEER
e Fab =i, ol 749 ERAMRES A=A
oA AE 4 v REEEER (AR = HR (AR
wEg) o2 el "o, tﬂraw o213l AR
o] #l4xln, BE AAEA ¥ FU2AE A=A
49 ke A AT 4 %l—c 2 e
A BEHIRSEE TP,

sen(G=sgn(Uy) - sgn(0) Wsgn(W,) (35)

BEAIL BR X ER

Al T 4 9l ALY kel 7ikid Alx

oo diafx] RS Petw, o AXEAES
A3 gkA 48] (TICM), Adiezlad (TMM)
7] Leissaubloll <&t AsEa vlm, HEssit

SR A AL AR AREE 31~— FAZ 5mm,
Z2 300mmE 3t3, HolE 300mm, 450mm,
B0mm &, &% 1.0, 1.5 2.5% #H3zch A
o] FeldAGE 2,06X10MN/m?, YxE 7860
kg/m*, EOP ulE BE %ol 9o 0,328 3
Ackh,

AReEl Al

2

o3

32bit B2 AFE (294 co-

—316—



AEXRE

e AP E Hate] B aREEAT

processor AHg)o|3, AR&lelE Ms-Fortran 5.0

o),

Lo
i

et

Table 12 6=1Y4u] A
AL AX U
TMMe| R @ﬁ?ﬁm
bl Aolct, HollA X,

A4

Het P e Adsiglch, =3, BE
A ez} 10-%|3tollA] 48k Ao 3t

ﬂl# e A " AR

79, TICM =
°4“‘6H9¥ d|asted o

TICM®] #52 sl

o ol 3 Axjsln glovk, TMMe 2k Azl

L= odual g

nowma

oAl 72k ojate] = Az} FeiA|R|
F255lo] A3 o

M- 3418 123 o] AollAlE 2

7 oA A] g 9l

TICMe] %%,
271& R A

AR5 al, £=1. 0l M= 83F, £=2.5

(ei}'o‘n4 .

A3yl 4 219 WA A
AZ A

4 k=oco% 3lx, 34

o A4kl oA,

Ar ol &

'_T.o

Table 2= HA 02 "A no| F Al 24l
e (h=K=k,=K,=c0)0 Hd &Kt EHERE
BE vERd Aolth, HollA
Z, AMA + 02 Frolv, Feix

ol deirel a5 veldct, Table 2+ ¥lad A
ate] BEIHIREM ahas veliz glemz,
TMM % Leissa¥p#le] 235
Ut e AA=E
€+ Hsii7 Haglo]
zAslnz A HA BEHREE-S

TMM 74

2 Al 1004 44

zelg4 K=02 dastess olgazich,
o] Fhe EHEEMCL B3
Aol Tz e

ol waix = TICM

AT A

270el whe} EEMTREAS

Table 1. Nondimensinal frequency for plates with all simply-supported edge condition

29 e

A5+ el 2xbe @
4t 7 ool g

Mode TMM Exact solution
seq. &=10 §=2.5 §=10 §=2.5 §=1.0 §=2.5
1 19. 739209 11, 448741 19, 739209 11, 448741 19. 739209 11, 448741
2 49, 348022 16, 186151 49, 348022 16, 186151 49, 348022 16, 186151
3 98, 696044 24. 081835 98, 696044 24, 081835 98, 696044 24, 081835
4 167, 78327 35, 135792 167, 78327 35, 135792 167, 78327 35..135792
5 256, 60971 49, 348022 256, 60971 49, 348022 256. 60971 49, 348022
6 365, 17536 66, 718526 365, 17536 66. 718526 365. 17536 66, 718526
7 493, 48022 87, 247030 493, 48022 87. 247301 493, 48022 87. 247303
8 641, 52429 110, 93435 641, 52436 110, 93422 641, 52429 110, 93435
9 809. 30756 137, 77968 809, 30919 137, 77945 809. 30756 137, 77968
10 996. 83005 167, 78327 996, 83536 167, 78846 996. 83004 167, 78327
11 1204, 0917 200, 94515 1202, 2829 201, 18481 1204, 0917 200, 94515
12 1431. 0926 237, 26529 - - 1431, 0926 237, 26529
13 1677, 8327 276. 74371 - - 1677, 8327 276. 74371
14 1944, 3121 319, 38040 - - 1944, 3121 319. 38040

Table 2. Nondimensional frequency for p

lates with clamped-clamped edge condition

Mode TMM Leissa method
seq, $=15 ¢=2.5 §=15 §=2.5 §=15 §=2.5
1 11 11 11 11 11 11
17. 372998 12. 134664 17, 372998 12, 134664 17,3730 12,1347
2 12 12 12 12 12 12
35, 344498 18. 364736 35, 344498 18, 364736 35, 3445 18, 3647
3 21 13 21 13 21 13
45, 429418 27, 965736 45,429418 27, 965736 45, 4294 27,9657
4 13 14 13 14 13 14
62. 054376 40, 750011 62, 054376 40, 750011 62, 0544 40, 7500
5 22 21 22 21 22 21
62, 313113 41, 378171 62, 313113 41, 378171 62, 3131 41, 3782
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Table 3. Nondimensional frequency for plates with clamped-free edge condition

Mode TICM T™MM Leissa method
seq. §=1.0 §=2.5 £€=1.0 £§=2,5 §=1.0 §=2.5
. 11 11 11 1 11 1

12. 687360 10, 188788 12. 687360 10. 188788 12,6874 10. 1888
5 12 12 12 12 12 12
33, 065090 13. 603611 33. 065090 13. 603611 33, 0651 13. 6036
3 21 13 21 13 21 13
41,701929 20, 097137 41, 701929 20. 097137 41,7019 20,0971
. 22 14 22 14 22 14
63.014831 29. 621898 63. 014831 29. 621808 63.0148 29, 6219
5 13 21 13 21 13 21
72. 397563 39, 638222 72. 397563 39, 638222 72.3976 39, 6382
Table 4. Nondimensional frequency for plates with 750
elastic supports 150
Mode k=107 F=1.5%10° b
i
seq. | TICM | TMM | TICM | TMM ( | ; |
] ]
1 | 10.568682| 10.568682 49.130469| 49.130469 g : i 1 :
2 | 11.947867| 11.947867| 52.035834| 52035813 & i ' ! |
3| 15.814040| 15.814040| 60,032747| 60, 032727 ! ) 1 1
4 | 22.301013| 22. 301013 69. 947804 69. 947802 ! ! ) !
5 | 31.647612] 31.647612| 78.369703| 78. 369694
6 | 44.110175] 44.110175/163. 19065 |163, 19066
7 | 59.480972| 59, 489972(163. 27778 |163. 27775 wl |
8 | 78.256142| 78.256135|168, 78244 |168, 78244 ko N .
9 100, 18712 |100. 18717 |170.20470 |170.20470 t 2 k3 k4
10 |125.30480 |125,30491 |171.04491 |171. 04491
11 |153.61956 |153.63709 (272.42798 - . . .
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Table 5. Comparison of CPU time [sec]

TICM TMM No, of roots
§=1.0 375 860 7
§=2.5 45 102- 6
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