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Abstract

The paper deals with forced transverse vibrations of an elastically connected rectangular double-plate
system. This complex continuous system can represent a certain simplified model of a three-layered
structure consisting of two parallel thin plates separated by an elastic massless layer of a Winkler type.
Undamped motion of the system excited by arbitrarily distributed continuous loadings subjected
transversely to both plates are governed by a linear set of two coupled non-homogeneous partial differential
equations, based on the Kirchhoff-Love plate theory. The forced vibration problem is solved generally by
the application of the modal expansion method in the case of simply supported boundary conditions for
plates. On the basis of general solutions obtained, three particular cases of the action of exciting stationary
harmonic loads are considered. An analysis of harmonic responses of the system makes it possible to
determine conditions of resonance and dynamic vibration absorption. A numerical example is given to
illustrate the theory presented.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Interest in plate theory already has a long and interesting history. Vibrations of elastic plates
have been studied extensively for over two centuries [1,2]. Dynamical problems of plates are some
of the most important in vibration theory because of various wide engineering applications of
plate-type structures in many branches of modern aerospace, aircraft, shipbuilding, civil and
mechanical engineering. As is known, a plate constitutes a two-dimensional continuous system for
which theoretical vibration analysis in a general case for arbitrary boundary conditions is difficult
and complicated. Most vibration monographs devoted to distributed systems contain
fundamental theory concerning transverse vibrations of a single rectangular plate [2-28]. As the
simplest theoretical sample, the case of a simply supported plate is usually considered.
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An elastically connected double-plate system being an interesting model of complex plate
systems is created by coupling two parallel plates by means of an elastic continuous layer. In Refs.
[29,30] the author has analyzed undamped free transverse vibrations of a rectangular double-plate
system interconnected by a homogeneous Winkler elastic layer and governed by simply supported
boundary conditions. In the present work, which is an extension of the above-mentioned paper
[30], forced vibrations of this system are investigated.

The dynamics of complex plate-type structures is still a subject of great interest to a number of
authors. Different aspects of forced responses for rectangular and circular double-plate (or multi-
plate) systems are considered by McElman [31], Sinitsyn [32], Rabinovich et al. [33], Snowdon
[34], Filippov et al. [35], Lu et al. [36], Chonan [37-39], Mogilevskii [40], Kokhmanyuk et al. [41],
Korenev and Rabinovich [42,43], Oniszczuk [29,44-46], Aida et al. [47], Lueschen and Bergman
[48], Arpaci [49], and Szczesniak [50,51]. In the investigation of the title system the papers by
Oniszczuk [29,52-55] and Niziot [56], dealing with transverse vibrations of an analogous double-
membrane system can also be helpful, because of the application of the same mathematical
methods of solution. Refs. [29,34,47,49] devoted to applying a double-plate system as a dynamic
vibration absorber are important, considering its practical significance for suppressing effectively
excessive forced harmonic vibrations of corresponding mechanical systems.

In this publication, exact theoretical solutions describing undamped forced transverse
vibrations of a rectangular simply supported double-plate system subjected to arbitrarily
distributed exciting loadings are formulated. These solutions are next used to determine
dynamical responses of plates due to three particular cases of stationary harmonic loads.

2. Formulation of the problem

The transverse vibration problem of the title system is formulated in Ref. [30]. The model of the
vibratory system shown in Fig. 1 is composed of two parallel rectangular plates joined by an
elastic layer. For simplicity of consideration and further analysis, it is assumed that a connecting
layer is modelled as the simplest Winkler massless foundation [57]. Both plates are thin, uniform,
homogeneous and isotropic. The plates are subjected to arbitrarily distributed transverse
continuous loadings and are governed by simply supported boundary conditions. Vibrations of
the system with no damping are investigated.

The transverse vibrations of an elastically connected double-plate system are described by the
following set of two coupled non-homogeneous partial differential equations [29,30], based on the
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Fig. 1. The general model of an elastically connected complex rectangular simply supported double-plate system.
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Kirchhoff-Love plate theory:
DiAwy + myiby + k(wy — w2) = fi(x, », 1),
DrA*ws + moiiy + k(wy — wy) = fo(x, v, 1), (1)

where w; = w;(x, y, t) is the transverse plate displacement, f; = fi(x, y, f) is the exciting distributed
load, x, y, t are the space co-ordinates and the time, a, b, h; are the plate dimensions, 4, k are
the thickness and the stiffness modulus of a Winkler elastic layer respectively, D; is the flexural
rigidity of the plate, E; is the Young’s modulus of elasticity, v; is the Poisson ratio, p; is the mass
density, D;= E/[12(1 — vf)]fl, m; = p;hi, W; = 0w;/ot, Aw; = o*w;/ox* + 20%w; Jox?oy? +
otwifoyt, i=1,2.
The boundary conditions for simply supported plates are:

wi(0,y,8) = wi(a,y, 1) = wi(x,0,7) = wi(x,b,1) =0, i=1,2,

wi/ ale(o,y,t) =i/ 8x2|(a,y,t) = wi/ aJ’2|(x,o,z) = 0w/ ay2|(x,b,t) =0. 2)
The initial conditions for the problem are assumed in a homogeneous form

wi(x,»,0) =0, Wi(x,»,00=0, i=12 3)

3. Solution of the forced vibration problem

The vibrations of plates are excited by transverse continuous loads f; = fi(x,»,1), (i=1,2)
being arbitrary functions of the space co-ordinates x,y and the time ¢, distributed on a whole
surface of both plates. In such a general case of loading, the most proper and useful method of
solution of the problem is the modal expansion method [7,29]. Applying the mentioned method,
particular solutions of non-homogeneous differential equations (1) representing the forced
responses of a double-plate system can be assumed in the form of the following series:

o0 2 o0 2
Wl(X,;V, t) = Z Wlimn(x:y)Pimn(t) = Z Wm,,(x,y) Z Pimn([)
mn=1 i=1 m,n=1 i=1
0 2
= Y sin(@nx)sin(by) Y Pimn(2), 4)
m,n=1 i=1
o0 2 o0 2
Wz(X,y, t) = Z Z W2imn(xsy)Pimn(t) = Z Wmn(xay) Z aimnPimn(Z)
mn=1 i=1 m,n=1 i=1
0 2
= Z sin(a,,x) sin(bny)z i Pinn (1),
mn=1 i=1

where
A =k (DY + k — mo? ) = k(Dok: + k — maa? )7

mn mn mn mn
-2

_ 2 2 _ 2 2 2 \—1
=Wy (wllmn - w; - wZO(wZZmn — Wy s Almn = O, Aomn <O, (5)

mn mn
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am =a ‘'mn, b,=>b"'nn, 4 = (a2 + bi)2 = n*[(a""'m)* + (b~ 'n)*)%,
wy =km; ' = KM, o (D +kym; ! = (abDik} + K)M; !,

iimn mn

w‘fzo = w%oa)go = kz(mlmz)fl, K = abk, M;= abm; = abh;p,,
i=12, mn=12,3, ...,

2 _ 1 2 2 - 2 2 2 4 1/2
wl,Zmn - Q{(a)llmn + wZZmn)"'[(wllmn - w22mn) + 460120]} / > D1mn < D2mn, (6)

O oy = 3Dk, + I)my + (Dakiy,, + Ky 1T (D1, + K)my !
+ Dok 4 lymy PP — 4kt (mymy) ' [D1DykE + k(D1 + Do),

Wlimn(xay) = Wmn(xay) = Sin(amx) Sin(bny),

W2imn(X, y) = Uimn I/an(X, y) = dimn Sin(amx) Sin(bny)a (7)
Wun(x,y) (7) are the known natural mode shapes of vibration for a simply supported single plate
and P;,,,(t) are the unknown time functions corresponding to the natural frequencies w;,,,. All
quantities mentioned above are defined in Ref. [30], where the free vibration problem of the title

system is considered. It is important to note that functions W,,,(x, y) satisfy the modal equation
[7,29]
A Woin = Ky Wonn. ®)

mn

Substituting solutions (4) into the governing equations (1) results in the following relationships:

0 2 2
Z {Wmn Z [mlpimn + k(l - aimn)Pimn] + 1)1Az I/an Z Pimn} :fl(x:y, t):

m,n=1 i=1

0 2
Z {Wmn Z aimn[m2pimn + k(l ,mn)Ptmn] + 1)2A Wmn Z Uimn mm} :f‘Z(xaya Z)-

m,n=1 i=1 i=1

Including Eq. (8), these relationships can be transformed to the form

2
Wmn Z [Pimn + (w%lmn - w%oaimn)Pimn] = ml_lfl (X, Y, [)5

>

mn=1 i=1
2

Z Z [len + (wzzmn w%oalmn)len]almn mflﬁ(X, Vs t)'

Taking now expressions (5) and (6) into consideration it follows that

Z Wmn Z (szn + a)mmplmn) = m171f1a

mn=1

Z Wom Z (szn + CU,mnszn)aimn = mz_lf2

mn=1
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Multiplying both sides of the above equations by the eigenfunction Wp; then integrating them
over the plate surface and using the corresponding orthogonality condition [29,30]

a b
/ / WiaWmdxdy = / sin(ax) sin(a,,x) dx / sin(b;y) sin(b,y) dy = ¢S,
0

a b
/ / 2 dxdy = / sin’(y,x) dx / sin?(b,y) dy = 0.25ab, )
0 0

where Oy, 1S the Kronecker delta function: 8y, = 0 for k#m or [#n, and &y, = 1 for k =m
and / = n; gives

2
Z len + wmrmPlﬂ’ln) - (le) / / fl Wmn dx dy,

2
Z imn + COmmlen)aimn = (sz)il / / f2 I/an dx dy
i=1 0 0

After some manipulation the following two independent infinite sequences of second order
ordinary differential equations for the unknown time functions are found

len+w szn— imn([), I = 152: m,n = 192,3,---7 (10)

imn

where

a b
Kimn(t) = dim / / o M fi (v, 1) — M5 f3(5, v, 6] sin(am) sin(b,y) dxc dy,
0 0
a b
Komn(£) = dom / / (M iy, 1) — My foe, s D] sin(an) sin(byy) dxdy, (1)
0 0

-1 2 2 2 -1
dlmn = _d2mn = 4(a2mn - almn) = 4(1)10(Cl)lmn - U)2mn) .

Their particular solutions satisfying homogeneous initial conditions (3) are as follows [7,24,29,54]
P () = mm/ K (8) sin[wi(t — 8)]ds, i=1,2, mn=1,2,3,. (12)

Finally, the expressions describing the forced vibrations of an elastically connected double-plate
system have the following form
o0

2 t
wix,p,0) =Y sin(@yx)sin(by) > ), /0 Kinn(s) sin[@im(t — 5)] ds,
i=1

mn=1

0

2 t
wax,p,0) = Y sin(anx) sin(b,p) > dim@i, /0 Kinn(s) sin[ia(t — 5)] ds. (13)
i=1

m,n=1

The above-mentioned formulae have a versatile nature and can be used to find the dynamic
responses of this system for practically any type of exciting stationary and moving non-inertial
transversal loading. For simplicity of further consideration it is assumed that only the first plate is
subjected to an arbitrarily distributed continuous load applied on its whole surface (see Fig. 2),
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Fig. 2. An elastically connected double-plate system subjected to arbitrarily distributed continuous load.

whilst the other one is not loaded; i.e., fi(x,y,1)#0, f2(x,y,t) = 0 . Thus the time functions (11)
take the simpler form

a b
Kimn(t) = Cimn / / fl (X, Vs [) Sin(amx) Sln(bny) dx dy, = 15 2, (14)
0 0

where
-1 -1
Clmn = aZmndlman = 4a2mn[(a2mn - almn)Ml] 5

-1 -1
Comn :almnd2mnM1 = 4a1mn[(a1mn - a2mn)M]] .

The final form of solution (12) is then as follows

t a rb
Pinn®) = iyl | [ | 5029 sinann) sin,) e dysinfetc — ) ds. (19
o LJo Jo
In vibration analysis the most important cases involving forced vibrations are those caused by

harmonic forces. Assuming then that the exciting loading is a harmonic function of time
fi(x,y, 1) = f(x,y)sin( pt), relations (14) can be transformed to

a b
Kimn([) = Cimn Sin(pt)/ / f(x, y) Sin(amx) Sin(bny) dx dy = CimnFmmn sin(pt), (16)
0o Jo
where
a prb
F,, = / / f(x,y)sin(a,,x) sin(b,y)dxdy, i=1,2, (17)
0o Jo

f(x,y) is the arbitrary function of spatial co-ordinates x, y, and p is the frequency of harmonic

excitation. It is seen that expression (15) can be integrated effectively with respect to time, and as a
result one gets

a b
Pom(l) = oo / / £, y) sin(@n) sin(byy) dx dy
0 0

X /0 [ sin( ps) sin[;,,;(t — s)] ds

= ComnFyn(@?,, — p?) ' [sin( pt) — po;, L sin(@imm)]. (18)
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Taking Eq. (18) into account, the forced harmonic vibrations of system (13) can be presented in

the following form
o0

wi(x,p,0) = > sin(@yx) sin(b,y)

mn=1

2

Almn Sil’l(pl) + Z Bimn Sin(wimn t)] )
i=1

o0

wa(x, p, 1) = Z sin(a,,x) sin(b,y)

mn=1

2
A sin( pt) + Z Qimpn Bimn SI0(W 1)] ) (19)
i=1
where

A = 4B My (02, = PN@] 3y = PN@3, — P

Ao = 4F M 03[0, — pP)@3,,, — P,

Biyun = 4@ Fyn M| ' Pl(@1n — @on)015(07, — P,

Bon = 4a1mFpn M1 pl(aamn — @1mn) 0203, — P17 (20)

The solutions obtained (19) are composed of two parts. The first part being a function of sin( p7)
denotes the steady state forced vibrations of the system, and the other one containing the terms
sin(w;,nt) represents the free vibration produced by the application of exciting loading. Neglecting
the free response, and assuming that only the steady state response has a practical significance, the
forced vibrations of an elastically connected double plate system are found to be in the form

wi(x, p, 1) = sin( pt) Z At sin(@,x) sin(b,y),

m,n=1

wa(x, y, t) = sin( p?) f: Az sin(ay,x) sin(b,,y). (21)

mn=1

Analyzing the steady state vibration amplitudes A;,, (i = 1,2) (20) gives the following basic
conditions important from a double-plate system dynamics point of view

(a) condition of resonance: p = Wy, i=1,2, mn=1273, ..., (22)
(b) condition of dynamic vibration absorption:

PP =pi =3, = Dkt +kmy' = (abDyk} + K)M;', mn=1,2,3,... (23)

Aiyn =0, Aoy = —4F,mK~' = —4K~ / / f(x,y)sin(a,,x)sin(b,y) dx dy. (24)

It is proper to add that the above-mentioned conditions are valid for an arbitrary stationary exciting
harmonic loading. The resonance phenomenon (22) takes place when the excitation frequency of
harmonic load p is equal to that of the double sequence of natural frequencies of the system w;,,, (i =
1,2, m,n=1,2,3,...). The condition (23) implies the phenomenon of dynamic vibration absorption,
which occurs, when some physical parameters characterizing the system, namely, the elastic layer
stiffness modulus k, the flexural rigidity D,, and the mass M of the second plate are suitably chosen.
Then according to Eq. (24) the amplitude A41,,, of any selected harmonic component of the first plate
vibrations vanishes, while the amplitude A,,,, of the second plate attains a certain finite value. As is
seen, in an elastically connected double-plate system, when the first plate (main plate) is subjected to
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an exciting harmonic load, the second plate can act like a dynamic vibration absorber in relation to the
first one. Optimum values of tuning parameters of a dynamic absorber calculated from the basic
condition (23) k, D>, M, can be then applied to design of continuous dynamic vibration absorbers
(CDVA:S) of plate type [29,47]. However it should be noted that the continuous absorber only reduces
the forced vibrations of the first plate but never liquidates them absolutely.

In order to illustrate the theory developed three simple cases of exciting stationary harmonic
loadings are now considered in detail. A detailed vibration analysis is performed for the uniform
continuous load distributed on the whole surface of the first plate, for the uniform continuous
load distributed along a straight line on the first plate, and for the concentrated force applied
transversely at the arbitrary point of the first plate.

Case 1: Harmonic uniform distributed surface load.

It is assumed that the harmonic uniform distributed continuous load acts on the whole surface
of the first plate fi(x,y,t) = fsin(pt), where f and p are the amplitude and frequency of the
exciting load respectively (see Fig. 3). Performing the integration in expression (17) gives

a b
Fon :f/ sin(a;;x) dx/ sin(b,y) dy = 4F(mnn?)~", (25)
0 0

where F = abf, m,n=1,3,5,... .
Including Eq. (25) in the general relations (19), the system forced vibrations are obtained in the
modified form

wi(x,y,t) = Z sin(a,,x) sin(b,,y)

(m,n)

2
Aty SIN(p1) + > Binny sin(wimnt)] ,

i=1

wa(x, p,t) = Z sin(a,,x) sin(b,.y)

(m,n)

2
AZmn Sin(]?l) + Z aimnBimn Sin(wimn t)] > (26)
i=1

where
Avpn = 16F(Mymnn®) (@3, — PR, — PPN@3,,, — P,
Aoy = 16F(Mymnm®) ™ 3g[(@,,,, — PPN @3, — P,
By = 16Fazy(Mymnn®) ™" pl(aim — @omn)1mn(2?,, — PO,

B2mn = 16Falmn(M1 mnnz)ilp[(a%nn - almn)wZInn(w%mn _pz)]71> (27)

i=1,2, mn=13,5,....

f,

@D x
“ a
@ “

w b

¥

WL Kk

Fig. 3. An elastically connected double-plate system subjected to harmonic uniform distributed surface load.
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The steady state forced vibrations of the system are as follows

Wl(x, Vs t) = Sin(pt) Z Almn Sin(amx) Sin(bny)a

(m,n)

W, 1) = SIn(p) 3 Asr sin(anx) sin(b,), (28)

(m,n)

mn=1,3,5,....

The analysis of the steady state vibration amplitudes 4;,,, (i = 1,2) (27) makes it possible to
formulate the following fundamental conditions:
(a) condition of resonance: p = Wy, 1= 1,2, myn=1,3,5, ...,
(b) condition of dynamic vibration absorption:
2 2 2 4 -1
P = Pun = D20y = (aszkmn + K)M2 ’

Aipn =0,  Appn = —16F(Kmnn®)™!, m,n=1,3,5, ... (29)

Case 2: Harmonic uniform distributed line load.

The first plate is subjected to harmonic uniform load fi(x, y, 1) = fsin( pt)d(x — x¢) distributed
from y = 0 to y = b along a straight line e.g., x = x parallel to y-axis (see Fig. 4), where d(x) is
the Dirac delta function. Performing the integration in expression (17) it follows that

a b
Fow =1 / Sin(am)3(x — xo) dx / sin(byy) dy = 2Fe,(nm) ", (30)
0 0

where
¢ = sin(a,;,xg) = sin(a_lmnxo), F=bf, m=1273,.., n=135 ...

The forced vibrations of plates are obtained in analogous general form to this Eq. (26) in Case 1

2

Almn Sin(pt) + Z Bimn Sin(wimnt)
i=1

Wi(X,p,0) =Y sin(a,x) sin(b,y)

(m,n)

b

2
wa(x, y,t) = Z sin(a,,x) sin(b,y) | Aoy sin( pt) + Z i Bimn SIN(@j t)] , (31)
(m,n) i=1
&E ¥
X pQULLVLLLILITT L] K i
D x
- W /
w, b

Fig. 4. An elastically connected double-plate system subjected to harmonic uniform distributed line load.
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where

Aty = 8Fen(Minm) ™ (@, = P, — PP)@3, — P

As = 8Fcp(Minm)™' 03[(@1,,, — )@, — P,

Bion = 8Fazmcm(Minm) ™" pl(atm — amn)01mn(@3,,, — P71,

By = 8F a1 M)~ pl(@mn = @imn) 023, = P (32)

i=12 m=1,23, .., n=1375 ...
The steady state forced responses of the system have the form
wi(x,y, 1) = sin(pr) Y Arpn sin(@,x) sin(byy),

(m,n)

Wa(x, p, 1) = sin(pr) Y Az sin(a,x) sin(b,y). (33)
(m,n)
The analysis of the steady state vibration amplitudes A4;,, (i =1,2) (32) leads to the two
important conditions:

(a) condition of resonance: p = Wy, 1=1,2, m=1,2,3,..., n=1,3,5, ...,
(b) condition of dynamic vibration absorption:

p2 = p%ﬂn = w%znﬂ’l = (aszk:tnn + K)M_l’
Aiyn =0, Aoy = —8Fc(Knm)™', m=1,2,3,..., n=1,3,5, ... . (34)

Case 3: Harmonic concentrated force.

The first plate is loaded by the concentrated harmonic force applied transversely at the point
which position is described by the corresponding rectangular co-ordinates x = xo and y = yj (see
Fig. 5). The exciting loading of the system can then be presented in the following form: fi(x, y, ) =
Fsin( pt)d(x — x0)d(y — y9), where F and p are the amplitude and frequency of the harmonic force,
respectively. Performing the integration in expression (17) one obtains

b

Fon = F [ sina 08 = 30 dx [ sin(b,030 ~ 30) dy = P (39)
0 0
where
Con = Sin(amxo) sin(b,yo) = sin(a™ 'mnxg) sin(b"'nmyg), mn=1,2,3,... .
F

R y
1 & "

o,
“u a
@ %

W b

¥

Fig. 5. An elastically connected double-plate system subjected to harmonic concentrated force.
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The forced vibrations of plates are obtained in the same general form as (19)

o0

wi(x, y, 1) = Z sin(a;,x) sin(b,,y)

m,n=1

2
Almn Sin(Pt) + Z Bimn Sin(a)imn t)] )
i=1

wa(x, v, 1) = 200: sin(a,,x) sin(b,,y)

mn=1 i=1

2
AZmn Sin(Pl) + Z aimnBimn Sin(a)imnt)] 5 (36)

where
At = 4F My (@3, = D@y = PN, = P
Asn = 4Fem M, 03 [(@7,,, — P35, — P,
Biyn = 4F @ Con M pl(@1mn — @2nn)01mn( @7, — P71,
Bon = 4F a1 M pl(@2n — Q1) 023, = P (37)
The steady state forced vibrations of the system are the following

Wl(x: ) [) = Sin(l”) Z Almn sin(amx) Sin(bny)a

mun=1
o0
wa(x, 1) = sin(pr) > Agy sin(ay,x) sin(b,p). (38)
mun=1

The analysis of the steady state vibration amplitudes A;,, (i =1,2) (37) gives the following
conditions:

(a) condition of resonance: p = Wy, i=1,2, myn=1,2,3,...,
(b) condition of dynamic vibration absorption:

mn + K)M2_1’
Almn = 0: A2mn = _4chnK_ls m,n = la 29 37 cee e (39)

pZ = piznn = CU§2mn = (abD2k4

4. Numerical example

As an example illustrating the theory derived, the forced vibrations of a double-plate system
consisting of identical plates subjected to harmonic concentrated force fi(x,y,t) = Fsin(pit)
X0(x —9)0(y — g) applied for simplicity at the middle of the first plate (see Case 3 and Fig. 5)
are considered in detail. The free vibrations of such a system have been analyzed in Ref. [30]. In
the numerical calculations, the data characterizing the physical and geometrical properties of the
system discussed are assumed as follows [30]:

a=1m, b=2m, D=D;=ER[12(1-v)]"!, E=E=1x10"N/m?
h=h=1x102m, k=0.6x10°N/m?>, K =abk=12x 10> N/m,
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my = m; = ph = 0.5 x 10> kg/m?, M = M; = abm; = 1 x 10* kg,
v=v;=03, p=p,=5x10kg/m’, i=1.2.

The steady state forced harmonic vibrations of both plates are represented by the modified
expressions (38)

Wi(x,p,0) = sin(pr) Y Aipn sin(a,x) sin(byy),

(m,n)

W2,y 1) = SIn(p1) Y A Sin(a ) sin(by), (40)

(m,n)
where

Almn = 4Fcﬂ7nMil(w§2mn - pz)[(w%mn - pz)(wgmn - pz)]il’
A2mn - 4chnM_1w§()[(w%mn —Pz)(wgmn - p2)]—l’

Ay = a 'mm, b, = b 'nm, (a + bz) = ' [(a""'m)* + (b~ 'n)*P%,

o = sin(0.5mm) sin(0.5nm) = (—1)*=1 K — abk, M = abmy = abhp, my = hp,

33y = (D}, + lymy" = (@bDI:, + K)M ™, wly = kmy' = KM,

a)lmn = Dk4 mo , w%mn (Dk? S 2k)ma1 = w%mn +2a)§0, mn=1,3,5....

The central position of the applied concentrated force causes the solutions obtained to be
expressed only by the symmetric mode shapes of vibration W,,(x,y) = sin(a,,x) sin(b,y)
(m,n=1,3,5,...) [30]. In Fig. 6 the resonant diagram of steady state harmonic response of system
(40) is presented. It shows the progress of component amplitudes 4;,,, (i = 1,2, m,n=1,3,5,...) as
a function of the exciting frequency p. This graph comprises only the first two resonance curves.
The full lines represent the amplitudes of the first plate vibration components 41;;, A3, and the
broken lines describe the amplitudes of the second plate vibration components Ajj;, Az3. The
resonances take place when the excitation frequency of harmonic force is equal to the one of
the natural frequencies of the system p = w11, w11, ®113, @213, then the corresponding amplitudes
A, Ani, Az, Az;z tend to infinity. It is also seen that the dynamic vibration absorption
phenomenon occurs when the excitation frequency is the same as the one of the tuned exciting
frequencies p = pi11, pi3. The amplitudes 411y, 4113 are suppressed and vanish when the amplitudes
A»11, Az of the second plate attain a certain finite value.

The tuned frequencies are evaluated from the condition of dynamic vibration absorption (39)

p = pmn = w22mn (abD + K)M_l = Os(w%mn + wgmn)’
which leads to the following plate amplitudes
Aty =0,  Azpy = —4Fc,, K, myn=1,3,5, ... .

The dynamic absorption phenomenon can be used to reduce excessive forced harmonic vibrations
of elastically connected double-plate systems.
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Fig. 6. The resonant diagram of the steady state forced harmonic vibrations of an elastically connected double-plate
system subjected to harmonic concentrated force.

5. Conclusions

This paper is devoted to the analysis of undamped forced transverse vibrations of an elastically
connected rectangular simply supported double-plate system. General solutions of the problem
formulated for isotropic, thin plates subjected to arbitrarily distributed continuous loads are
found by applying the classical modal expansion method. Three types of exciting stationary
harmonic loadings, acting on the first plate, namely, uniform distributed surface load, uniform
distributed line load, and concentrated force are considered in detail. Analyzing responses of the
system excited by the action of these loads, conditions of resonance and dynamic vibration
absorption are determined. Tuning parameters obtained can be applied to optimum design of
continuous dynamic vibration absorbers (CDVAs) of plate type. As is well known, dynamic
absorbers (DVA) are of great practical importance in engineering applications. Among them
CDVAs play a considerable role and many recent papers have been treated with plate-type
[29,34,47,49], membrane-type [29,52-56], beam-type [29,59-64], string-type [29,53,58,64], and
shell-type [65] continuous absorbers.
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