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In this paper, the problem of acoustic wave radiated and received by a lip restrained
circular plate vibrating in a rigid baffle is distributed. The vibratory system is found in the
lossless and homogeneous liquid medium. The dynamics influence of the wave emitted by
plate on its vibration form has been omitted as well as the losses in plate have been
neglected. The axially symmetric vibration induced by the sinusoidal varried in time
external pressure has been considered. By assuming the known distribution of pressure
forcing vibration, a simple expression has been found allows to determine the directional
characteristic.

W pracy rozwiazano zagadnienie promieniowania i odbioru fal akustycznych przez
utwierdzona na obrzezu w sztywnej odgrodzie plyte kolowa. Uklad drgajacy znajduje si¢
w bezstratnym i jednorodnym oérodku plynnym. Pominigto dynamiczne oddzialywanie
promieniowanej przez plyte fali na jej postaé drgan oraz zaniedbano straty w plycie.
Rozpatrzono osiowosymetryczne drgania wymuszone sinusoidalnie zmiennym w czasie
ciénieniem zewnetrznym. Zakladajac znany rozkiad cisnienia wymuszajacego drgania,
ustalono wyrazenie majace elementarna postaé, pozwalajaca na wyznaczenie charakterys-
tyki kierunkowosci.

1. Introduction

A utilization of circular plates and membranes as the vibratory systems for
design of acoustic devices which satisfy a function of sender or receiver of acoustic
waves, requires identyfying, between the others, directional characteristic. A relative
big attention to be payed to this problem by using the approximation methods as
well as the equivalent schemes is however not sufficient in case of an exact analysis
[3, 6].

The precisely mathematically formulated basis magnitudes characterizing the
circular membrane as a source or a receiver of acoustic energy can be found in [1],
the main point of which is focussed on the frequency response of input impedance for
the circular membrane stimulated to the forced vibration.
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A directional characteristic of a circular membrane excited to a resonance
vibration is described, for example in [6, 7] — but in more general case — of
nonresonance vibration, in [4].

Describing the problem of radiation of circular plate only the following
boundary cases have been analyzed — a focused forced vibration and a vibrated
plate modelled by a system of concentrated constants with the equivalent force
[3, 6].

The most precisely considerations needed to find acoustic properties of
a vibrated plate require undergoing of investigations for the nonresonance vibration,
taking into account a time — and position-depended factor forcing the vibration.

In this paper, the problem of acoustic wave emission by a lip restrained circular
plate placed in a rigid, planer baffle is considered. A plate is enough thin as well as
the effect of medium forcing the vibration is enough large to omitt the influence of
losses including the forced vibration created by a self-acoustics field. It has been
assumed that the vibratory system is found in the lossless and homogeneous liquid
medium with the small value of self-resistance.

Assuming the known sinusoidal varied in time surface distribution of factor
forcing the vibration, the directional characteristic has been established.

Expressions, to be here obtained for the resonance frequencies are reduced to
the known formulae, formely established in [5].

Results of numerical calculations have been presented graphically.

Based on the results here obtained, the continuation of analysis will be possible
in emission of energy vibration, the exact application of which is useful for the sound
emission problems of the vibrated plates.

2. Assumptions of analysis

A forced transversal vibration of a homogeneous circular plate for which the
energy losses don’t occur as well as the local of plate stimulated by the surrounded
environment is neglected, can be described by the following equation, [3]

2
BV n(r, 0+ oh 1 = 1r, ), M
where
En?
B=ta @

denotes the bending stiffness of plate, n denotes transversely displacement of point
located on the plate surface, h — denotes the width of plate, E denotes Young
modulus, v denotes Poisson coefficient, ¢ denotes volumen density of plate.
A medium, for which the influence of a radiated field of plate on the form of
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vibration can be omitted in Eq. (1), is identified, for example with the air possesing
small value of the self-resistance. The theory of bending of thin plates is applied for
the plate thickness h, fullfield the inequality, [2].

h<0.D, (2a)

where D denotes the diameter of plate.
Assuming that a factor forcing the vibration is identified with the external
pressure

S, 1) =f(r)exp (iwt), 3)
an amplitude of which has the following form
fory:. 0<r<a
= JJo 0
- {0 for ay,<r<a @

where f, = const.

From the practical point of view, this kind of extorsion can be realized for
example by two surface circular electrodes parallel to the plate surface with radius
@y < a, where denotes radius of plate.

Equation of vibration (1) for the extortion induced by external factor Egs. (3), (4)
has the following form

1

- I L 2
n(r)ne =1 2S(y){y11(}’0)+211(?)[-]1(}’0)1\’70(3’)"‘

“‘Jo(?)Nt(Vo)]_gfo(?) [J1('}’)N1(?0)_J1(?0)N1('}’)]}

(5
. £1
X Jo(kr)+ﬁy-) {;Jl(}'o)ﬂl(w)[h(h) Ko +1,(y)
X Kl(}’o)]—Jo(y)[Il(?o)Kl(?)_Il(wKl(y())]}Io(kr)
for 0 <r<a,,
1
RACTAS —ﬁ;{;nwa@aw [No()1,) +N, () Io(m}Jﬂ(kr)
1
—2;‘(’?) {;J 1(00) +1; (20) [K o (7)x Jl(v)—-Kl(y)Jo(y)]}Io (kr) (6)

rl’z—"[wo) Kolkn)+37, (70 No(kr)]

for a, < r < a, furthermore the following notations have been derived
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Y =ka, yo = kag, S¢) = Jo 1;(0)+1,() I, (7) (7)

M
Moo= —ab k= w[;]*, ®)

where M = gh denotes a mass of plate divided by the unit of area. The time term,
defined by the notation of exp(iwt) is omitted in-text begining from Eq.(5).

In the particular case for which the whole surface of plate is excited to vibration
by a factor different from zero (a, = a), Eq.(5) and Eq.(6) are reduced to the
following form :

and

AT l—ﬁnlm Jolkr)+J4 () Io(kr)] )

and n,(")/n, = 0

3. Acoustic pressure in the Fraunhofer zone

A distribution of acoustic pressure in the Fraunhofer zone of the source vibrated
in a rigid, planer baffle is calculated based on the relation, [3]

ig, wexp(—iky R) :
PR, 0, @) = z"n = e .sj.,v(r"’ ®o)

(10)-
x exp [ik, r sin @ cos(@ — @,)] dd,
for %ko Py (%’) < 1, furthermore R, @, @ denote the spherical coordinates of a point

of field, r,, @, denote the polar coordinates of a point of the source, ¢, denotes

T
i 2
Tath 50—1:0.

A
In the case of circular plate excited to axially symmetric vibration, Egs.(3), (4)

the rate of vibration is independent of the angular variable @,. Assuming also
relation

a density of fluid medium, k, =

v(ro) = iwn(ro) (11)
Eq.(10) defined for acoustic pressure is reduced to the form

—iky R) % .
PR, 0) = — g LIORF (r) Jolko o sin O)r dry
V]
(12

+ [ ny(re) Jo(ko ro sig O) ro dro].

do
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After integration we obtain relation

0o fo €% a* exp(—iky R)

PR =50 R
(13)
& 2J (ex)/(ex)— Ule, y) I (x) x/y— W (e, y) Jo(x)
I —(x/y)* sin* @ i
where &, = ay/a, x = kyasinf and
U, y) = %[J1(8?)10(?)—11(5}')-70(?)], (14)
W%JFj%U&MLM+QWNMM- (15)

For the principal direction ie. # =0, we obtain the following relation for
acoustic pressure

_ Qo fo&® a’[1—W (e, y)] exp(—iko R)
2M R 2

Po (16)

the form of which we apply for calculation of the directionality coefficient, [3]

K@ =" (17)

[Pl
if p, # 0. But for

1—Wie,y) =0, (18)

the state of vibratory system is such, that a volumen displacement of the vibrated
plate is equal to zero (compare with [1]), then a directionality coefficient must be
defined in another way. It can be achieved by referring the value of pressure P(R, 0)
to that of pressure p'(R, 6,) in such direction 6, for which this value reaches
maximum. ;

In the case of coincidence between a frequency factor forcing vibration and
a frequency of proper vibration, the damping effects arr negligible, i.e.

V=T Bly)=0 (19)

we obtain relation

K" (e) = lim K(G) = |‘IO (x) 7= x"l (x) ‘Il (?n)/('y" ‘Il (yn))l, (20)

¥=n 11 "(x/}’n)4|

identical with this published in [5].
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FiG. 1. The directionality coefficient of the radiation of a circular plate with different values of ka. Curve
1 — ka =10, ko/k = 0.5; curve 2 — ka = 10, ko/k = 1, curve 3 — ka = 5, ko/k = 1. It has been assumed
that p, denotes the pressurc on the principal direction with ka = 10, ag/a = 1
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FiG. 2. The directionality coefficient of the radiation of a circular plate with different values of a,/a. Curve

1 — ap/a=1, curve 2 — ag/a = 0.5, curve 3 — ag/a = 0.2. It has been assumed that ka = 5, ko/k = 2
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FI1G. 3. The relative acoustic pressure p'/p,.., depended on the direction of radiation, 8 with ka = 6.3064.
Curve 1 — ko/k = 1, curve 2 — ko/k = 2. It has been assumed that p_, denotes the pressure on the
direction of the maximal radiation, 0,

If a volumen displacement of plate is equal to zero, then

20 fo &’ aexp(—iky R) -
M R
oo 2 1@0/(ex) +xJ 4 () [To (1) — 27, (e0)/(E)]/) = T o (x)
1=(x/y)* ;
moreover, if we assume y =1y,, then Eq.(21) is adequate to the description of
vibration state, for which the resonance coincides with antiresonance [1]
Diagrams of directionality coefficient of the radiation of a plate stimulated to
the forced vibration are shown in Fig. 1, 2 and 3. In Fig. 2, the value p(R, 0) of the
acoustics pressure, Eq.(13), was referred to the value p, on the principal axis,
moreover it was assumed that a, = a, ie.

_0fo@®[1-W(E)] _4,05L)
2M ’ S
" In Fig. 1 the pressure p, has been determined for y = 10 in the principal direc-

tion, but the value of p_,_shown in Fig. 3, has been defined for y = y, = 6,3064... in
direction of maximal radiation 0,

P'(R, 0) =

(21)

W ()

o 22)
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4. Conclusions

During the analysis of considered system of vibration the basic relations, i.e.
Egs.(13), (16), (21) and Eq.(22), have been established allows to determine the
frequency responses of directionality coefficient, Eq.(17) and Egq.(20).

An application range of the obtained results is limited because an ideal model of
the vibrated plate has been assumed, for which the damping effects are not taking
into consideration as well for material of the plate as for the liquid medium
surrounded plate. The influence of the emitted acoustic wave on a form of plate
vibration has been omitted. For that reason the obtained relations can’t be applied
for identification of the absolute value of acoustic pressure with frequency close or
equal to the assumed ideal model of vibrations, otherwise, in real conditions these
magnitudes became damped by the influence of a liquid medium surrounded the
plate.

The loss rigorous criterion of estimation of the relative value of pressure are
considered for example for the directionality coefficient.
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