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TRANSIENT FLEXURAL VIBRATION ANALYSIS FOR CLAMPED
VOIGT-VISCOELASTIC RECTANGULAR PLATES

F I E & - EEHIEKRER*
By Kiyoshi ISHIKAWA and Shotaro NATSUME

A methiod is presented for the transient flexural vibration analysis of clamped thin
Voigt-viscoelastic rectangular plates. The analysis is done by making use of a series of
characteristic beam-functions which identically satisfy the boundary conditions and the
Stokes method to solve the governing differential system having viscous damping. An
approximate expansion formula is developed and applied to the transient flexural vibra-
tion problem of the clamped Voigt-viscoelastic rectangular plate subjected to a concen-

trated transverse arbitrary exciting load.

Keywords . transient vibration, viscoelastic, clamped plate, eigenfunction
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Fig.1 Clamped Rectangular Plate under a Line Load,
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Fig.2 Variation of Deflections with Time for All Four Edges Clamped Rectangular Plates Having the Aspect Ratio
x=2/3, 1, and 1.5 and Subjected to the Concentrated Harmonic Load at Its Center, respectability,
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FE-AY PPN m=n=15EEORBBEXKTINEL
REERRPEONS. LbL, BFEDzbaE, I
RBHHLNBLODMDEDbA L ERERZNE
ETE . BEFE—2 Y M3, BEXKOEEIIHLT,
WL SPAREELPRREZT 25, Bohi-HEER
KIBRSR s EEBLREON SR 2 FHRIcH 5. F1z,
Me=M, L8 BREEZBEVL LD BBRRVSERS.

X (13) KBVT, mFEEEERLIZEICEDE
BTEOZLMEAB S DIz, ROBMTEREITELOA
BIEFER (x=1) KOV THEHE LKA 5.
Case] :E®E (£=+1)— B (p==1)

Casell : BfliZHF (§==£1)—BEE (p==1)

REL, WEIRELIR (49) OBMREHFTEISROD
FRIZEBTELDETB. Thdid g, pOERELt
EAh#z 20T, Case [ IZIZVEAKEBHICLSHE
U@, Casell &3 (21) @ Fourier R BBAIC L5

Table2 Convergence of Eigenfunction Expansions for Deflections and Bending Moments of All Four Edges
Clamped Square Plate Subjected to the Concentrated Harmonic Load at Its Center.

men F,,%""(O’ 0, 0.2) —P%;w(o.z, 0.2, 0.6) Paibmx(o.z, 0.2,0.8) Pp—lbuy(o.z, 0.2,0.8) P%bmxw, 1,0.9) F;%My(l, 0,0.9)
5 | 0.001104 -0.001517 ~0.004527 ~0.004522 ~0.01225 Z0.01054

10 0.001026 -0.001512 -0.004597 -0.004589 -0.01162 -0.00997

15 0.001011 ~0.001512 ~0.004596 ~0.004591 -0.01299 -0.01031

20 0.001004 -0.001512 -0.004596 ~0.004591 -0.01173 ~0.01007

25 0.001003 -0.001512 -0.004596 ~0.004591 -0.01193 -0.01026

30 0.001003 -0.001512 ~0.004596 ~0.004591 -0.01177 ~0.01010

Note; Circular frequency of the concentrated harmonic load §=63, viscous damping coefficient €=0.01, Poisson's
ratio ¥v=0.3, loading point £==0, and the aspect ratio x=1.
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Table3 Roots w, of cos a,=0 Corresponding to u, for Case].

o R o)) @y @3 3R ©g
I,= 2.3650 7.2492 25,7103 64.9290 124.0663 202.9889
Hy= 5.4978 32.2755  50.0490  88.1426 146.6628 225.2575
Ky= 8.6394 76.8293  94.8438 132.3570 190.1248 268.1343
#,=11.7810 | 141.0528 159.3647 196.8180 254.1501 331.6252
fy=16.9226 | 224.9868 243.5326 281.1123 338.2938 415.4242

Note; |, satisfy tanyl,+tanhf{,=0 and the aspect ratio k=1.

Table4 Roots w, of a,tan a,+@,tanh 8,=0 Corresponding to u, for Casel]l.

m 2 @y (23 W3 Wy Wy

= /2 7.2377 32.2739 76.8290 141,0527 224.9867
o= 374/2 25.5540 49.9526 94.8171 159.3557 243.5290
M= 51t/2 64.6534 87.7784 132,1885 196.7447 281.0785
= 77/2 123.7172 146.0022 189.6904 253.9088 338.1630
[J.s= 9r/2 202.5919 224.3438 267.3829 331.1219 415.1096

Note; fmsatisfy cos),,=0 and the aspect ratio k=1.

Table5 Comparison of Deflections and Bending Moments between Case ] and Casell
Subjected to the Concentrated Harmonic Load and Convergence of Eigenfunction
Expansions.

m=n, Case I Case II ” m=n Case 1 Case II |

%w(o,o,o.s) LM (0.2,0.2,1.0) =2M (0.2, 0.2, 1.0)
0

Bb % 5oy
5 -0.002671  -0.002684 5 0.02982 0.02841
10 -0.002822  -0.002834 || 10 0.03069 0.02924
15 -0.002851  -0.002862 || 15 0.03070 0.02926
20 -0.002861  -0.002872 || 20 0.03070 0.02926
25 -0.002865  -0.002877 || 25 0.03070 0.02926
30 -0.002865  -0.002877 || 30 0.03070 0.02926
Eﬁﬁw(O.Z,O.Z,l.O) if?“x<1’°’1‘5) if;My(O,l,l.S)

5 0.002716 0.002723 5 0.06033 0.06048
10 0.002718 0.002725 || 10 0.04782 0.04681
15 0.002718 0.002725 {| 15 0.05490 0.05458
20 0.002718 0.002725 || 20 0.04990 0.04909
25 0.002718 0.002725{] 25 0.05377 0.05334
30 0.002718 0.002725 || 30 0.05061 0.04987

Note; Circular frequency of the concentrated harmonic load $=49, viscous damping
coefficient £=0.01, Poisson's ratio y=0.3, loading point €=ﬁ=0, and the aspect
ratio K=1.

D
——W(E 7It t) =|
B ’ P(T)=R, (0<T)
0.05 L :
2T _0.697 x=1
0.04 < 6 £=0.01 £=0.05 m=n=20
E=7=02 §=1=02 £=7=02
£=7=0 E=7=0
0,03 E=7 =0.4 g=1=0.4

0.02

0.01

1 1 1 L 1 1 1 1 1 T
0 0.5 1.0 15 20 25 3.0 3.5 4.0 4.5 5.0

Fig.3 Variation of Deflections with Time for an All Four Edges Clamped Square

Plate Subjected to a Concentrated Step Load at §=%=0.2.
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Table 3 i Case J It X¢ 9 %
B HE 8 ¥ o, Table 4 13
Case[[IZXWHT % wa THB. &
holZEssh—FDomEn
EANBINWERIGTHHDT
H&saszLpncss. 5B,
Table 4 D {E 1 Leissa? D it R
LERIEBTHLDOTH 5.

Table 513 6=49 & L7235
%, Case] & Case[ O
B adizbd, fFE—X 2 b
DEi%E m BLO n ORERK
KX UTERDLLIEZLDTH S,
mBEU n ORBREIIEL
T, Casel, TOWMHFELIF
FERELPRREBERL, #
RO bHEERER %0
ETBN, LLEENT: E=9=
0.280DHHIZH m=n=15
EEOERKRBTCIET 5. i
FE—X Y MZOWTHREET
» 5, BEROMFE—2 Y
MO & PAREE LINEFIRE
%7R9. Table3, 4, 5» 558
PRIz L3 Case ] OBED
FERIZEBBITIC L S Casell
B LT, lRFE— X v b
WS HPREHLOD, 2R
A THBREERPREDLONT,
FLUEEEBTVBEALTHEN
ThHAHH.

Fig.3 gL TV 5 4 EE
FEDEHFERIZRD AT v THE
FhEE

P(z)=P, (0< 1) (51)
BARD E=7=0.2 FUTHER L
BEObHOBEEHEE
bLizbDTHSH. ERFHED
WROMERRCEALIZBE, &
(47) TERbEINB L b&HIF—
BEEZLOREE LY, onll
ePmy oPms P 1T oBny o & €
heEnRALIZBEE L0,
Zhos4ffoesRicdLT
n CHTFT D 0nBLO Z, %
FhENED, hs0T
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EbxhaaEiins.

ATy TRHESAR SN DA OBEEY IIFHE
AN BRIEEIC &> THENzZOA ERLE UREER
BOEFERL, MWEREERIK L > THRIESHORED
FERER I - TARME L, MBI 5 &Ik ->TE
HEREZXRDIBNIIOAITBITY 258 % 6.

Fig.3CcHOLN I BHIRBIIBEERIH 0.=9.013
(m=1) ¥XEMWEL B2 1/0:=0.697 OEERET
FEEH L, FEHERE £=0.05 DIBE TIXERE r=2.5 1
HBTIZITHEBL, BEZDOAIBNTbAICBTT 5.

D EOBMBEEEICBNT, m & n ORBEREICHT
LIEOIHEME, »HHVIE 6 (FNMUFEDRS) O
HILE->THVWL 60RLZBY, BLEEKRERZNEL
FTHHAE e—0 & LIBEREBOLETHS. D
HETHEPHEOBFRLANOZOHIEH m=n=20
TRETIRT 5. «c DENSKEVEED 5V ILERD
BRTHIEMOPGRES L 25, IR ElE
FIZEY w, iTTF T 5 BHBEHOERBOLEL Z

BV EItkD, £, CCTRIFEETAC & PE

TREZDEPREBAEY F- 205, RO IR
KHBEOLND E5I1C, ERHELERALIZBEE, 59/
HMEOHE LHBRL THROPRYESS 0, ERER %S
B UBESE RV WRTH S, I, fFE—
AV N, IHIBLABMDIZE-S>TCIZAETHS. 2hid
B /s AEEEANE 2 2P EZERBEKTE S on
BLU ¢, DEREVICE>TERT R EICERT 5.

6. H &N E

AT E 2 W EE X iz Voigt (KB OB
T IRBIRE IC Giencke B L U Stokes OFZ % IS H
LZOBEOBREEZRL 1. BIROE 2B EY
FTHERDEBYVTHS.

(1) BOOHABBHIROLhSZVEAKZEALT
Voigt kO EEHEREZBRALTEDL. ZOEVE
BIZBHZERA LRSS OBREE (6=11) 28
HATE 5607, AEUNRIFTIESH 5 SREMTEZIRD
Léevy BEFEALRBICABLEBAAB S 26D,

(2) RO 1BMIBEET 250N (14) WL T,
FRIBIE % ™™ LIRFBE LIRS TIZ—IRIT w, S
BHEEELY, pn TKTFELIBEAEROEER o %
KOS\ E 0, BUESTEAMS I O THEEE 5.
ZREBT B2z, Stokes B (14) OME K
T AWM FETrEEROES X LAR T L
IEEL, R (25) o2 ERBHICEY, COBERYE
ZRALTR (14) 2BEAL, BREHE (n==1), £
i E SRR & N R R OER R B & ORI H
Db ETEHERPNS., LIzB->T, EHEHOBAT

wAlll - BB :

RIESBRINS.

(3) EPHFEIRBNCERsRAETEL N, Th
PRFEhD I LICkY, BERIBREL (9=7) %
RAAERE Lz 2 208RICHSELTERDL, ZORE
BROEGRZEZMET 5 &5 12 Stokes BLOBIFICE
bETAEBL.
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