DIAGNOSTYKA’34
RDZANEK i inni, The Reactive Sound Power Of A Circular Plate Within The Low Frequencies

THE REACTIVE SOUND POWER OF A CIRCULAR PLATE WITHIN THE LOW FREQUENCIES
Wojciech P. RDZANEK JR.*, Witold RDZANEK*, Wiktor M. ZAWIESKA**

*University of Rzeszéw, Department of Acoustics, Institute of Physics
Rejtana Street 16A, 35-310 Rzeszow, Poland, e-mail: wprdzank@univ.rzeszow.pl

**Central Institute for Labour Protection, Department of Noise and Electromagnetic Hazards
Czerniakowska Street 16, 00-701 Warsaw, Poland, e-mail: mazaw@ciop.pl

Summary
An efficient low frequency approximation for the reactive sound power of an elastically supported
circular plate has been directly derived from the corresponding high frequency expressions presented
carlier. The analysis of the approximation error has shown that the low frequency formulation can be
applied if the error of 10% can be accepted. The result is valid for any axisymmetric boundary
configuration of the plate. The influence of the boundary configuration on the reactive sound power has
been examined.
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MOC BIERNA DZWIEKU PLYTY KOLOWEJ W ZAKRESIE NISKICH CZESTOSCI

Streszczenie
Efektywng aproksymacj¢ niskoczgstosciowa biernej mocy dzwigku plyty kotowej zamocowanej
sprezyscie  wyprowadzono  bezposrednio  z odpowiednich ~ wyrazen = wysokoczgstosciowych

przedstawionych wczesniej. Analiza bledéw aproksymacji pokazala, ze wzor niskoczestos§ciowy moze
by¢ stosowany, jesli dopuszczalny blad wzgledny moze wynosi¢ do 10%. Otrzymany wynik jest stuszny
dla dowolnej osiowosymetrycznej konfiguracji brzegowej ptyty. Zbadano wptyw konfiguracji brzegowe;j
na moc bierna.

Stowa kluczowe: bierna moc dzwigku, numer modu, promieniowanie dzwigku.

1. INTRODUCTION

authors also extended the theoretical results

The self power of a circular plate is a very
important magnitude useful for computing numerous
acoustic values like, e.g., sound pressure radiated,
plate’s transverse deflection or total sound power
lost by an acoustic system covering the plate. The
normalized complex sound power is an equivalent
magnitude with the normalized impedance of the
system.

So far, many investigations dealt with the
magnitude. Levine, Leppington and Rdzanek
presented their theoretical analysis of some efficient
high frequency asymptotes for a clamped circular
plate [1,2]. Czarnecki, Engel and Panuszka proposed
an equivalent area as well as correlation methods to
predict the total sound power radiated by a clamped
circular plate [3,4]. Their theoretical results showed
a good agreement with the measurements. Engel and
Stryczniewicz also determined analytically the
magnitude [5,6]. Stepanishen and Ebenezer used
both the wavenumber as well as time domain
approaches to determine the self-power of a clamped
circular plate [7,8] providing some efficient
theoretical expressions. Rdzanek, Rdzanek Jr. and
Engel proposed a low frequency approximation for
the self-power of some circular plates [9,10]. The

presented in Refs. [1,2] and generalized them
providing some high frequency asymptotes valid for
an elastically supported circular plate [11].

So far, there are no analytical approximations for
the reactive sound power of an elastically supported
circular plate within the low frequencies. Therefore,
the authors of the paper, desiring to fill this literature
gap, extend the results presented in Ref. [11] from
the high to low frequencies examining carefully
approximation errors arising. They show that the
approximation errors can be accepted for some
higher modes since the relative error does not
exceed 1% within almost the whole low frequency
range and for the lowest frequencies the magnitude
rapidly tends to its value of zero.

2. MATHEMATICS

A thin circular plate is embedded into an infinite
rigid baffle. The plate vibrates and radiates some
acoustic waves into the free field. The analysis
focuses on the reactive sound power for some
axisymmetric time harmonic processes. This
requires determining the eigenvalues of the system
from the frequency equation in the form of

Im, +1,m, =0 (1)
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where K, and K, boundary stiffness values
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associated with the force resisting transverse
deflection of the edge and with the boundary the
bending moment at the edge, respectively, 4, =k,a

eigenvalue of the system, D=Ehr*/12(1-v?) plate

stiffness, k*=aw’ph/D structural wavenumber, w,
eigenfrequency, E,v,p and h the plate’s Young
modulus, Poisson ratio, density and thickness,

respectively.
The mode shape of the system is (cf., Ref. [12])
W,(r)=4,[J(k,;r) = C, 1 (k)] “)

where r radial variable, J, and I, Bessel and
modified Bessel functions of the zero order,
respectively, A4 =u,+w,, C,=Il/m =1/m,,
un = J(f(ﬂ’n)—i_‘]lz(ﬁ‘n)_ CnS(ﬂ‘n)/ﬂ’n s
w, =C2 12 - 12(A)]-C,5(4,) 1 4,
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The eigenfunction of the system can be
formulated briefly as
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where we denote J, and 7, as Bessel and modified

v, (w)=

Bessel functions of the first order, respectively,
7/n:‘]1(2’n)+cnll(ﬂ’n)’ bn :JO(/In)_CnIO(A’n)ﬂ
w=px and w=p/x for formulating integrals

representing the active and reactive sound power,
respectively,

P, =804 [y (p)pxds (62)
wl2
P, =84,4; [y (B/x)(B/x)dI (6b)

and x=sin$, B=ka dimensionless wavenumber.

The complex self-power is
P,=F,-iP, (60)

for the time dependence exp(—iwt) .

2.1. The high frequencies

The elementary expressions for the active and
reactive sound power within the high frequency had
been formulated for 5, =k, /k =2,/ =1/¢, <1 as

P, =X, cos(2QB+x/4)+Y,sin2B+7x/4)
+A2[ Yo W ] (72)
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and presented earlier in the literature (cf., Ref. [11]).

(8b)
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2.2. The low frequencies

Given that (cf., Ref. [13])

T .
—+iacoshz for z<l1

arcsinz = 9
T,
E—zacoshz for z>1

and that the phase changes when moving from the
high to low frequencies, namely from o6, <1 to

o, >1, for some of the terms in Egs. 7, we have

Alu Al
nn_ — _j n"n , (loa)
fi-st  Joio1
247a? arcsin S,
s (-5
nt = On (10b)

 Aa? . A2aPacoshs,
“2p6,0, )" a5, (07D
This provides the low frequency asymptotic
formulations formulated as
Aa? Alw,

})a” o + n n
25,6, -0 J1+57 (11a)
+X,cos(2B+ /4 +Y,sin(2p +x/4),
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Further, we are not interested in using Eq. (11a)
since some efficient low frequency approximations
are known for the active sound power [9,10].
Moreover, Eq.(11a) produces some big
approximation errors. Now, we are interested in
using Eq. (11b) representing the reactive sound
power and in examining its approximation error if it
is acceptable.

3. DISCUSSION

First, we have to examine the behaviour of the
reactive sound power within the low frequencies,
namely for k/k, <1. This is illustrated in Fig. 1

showing the magnitude constantly tending to its
value of zero, which is plotted in the fully
logarithmic coordinates. The curves plotted for some
sample modes do not considerably differ each other.
In consequence, we are especially interested to
assure an acceptable approximation error within
almost the whole low frequency range but not
necessarily for the very low frequencies since they
imply the very low values assumed by the
magnitude.

10!
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Fig. 1. The reactive sound power for some sample
axisymmetric modes within the low frequencies

The absolute value of approximation error has

been estimated as AP, =|P,J,n -P,..|, where P,

I.n

and P,,, have been computed from Egs. (6b) and

(11b), respectively, and represented by the curves
plotted in Fig. 2. The straight lines represent the
theoretical error value defined as

AP, =0.25(k/k,)?* 2,7 . It is easy to note that the

error estimation does not considerably exceed its
theoretical value within the whole low frequency
range. However, we must be careful here since the
magnitude assumes some comparable values as the
error does for the very low frequencies, namely for
k/k,<0.01 (cf., Fig. 1) and it is worth analyzing

the relative error value shown in Fig. 3. The relative

error does not considerably exceed its value of 10%
for k/k,<0.1 for the first axisymmetric mode,

k/k, <0.01 for the third mode, and for the higher

modes the validity frequency range is even wider.
The relative error grows up to its value of 100% for
the very low frequencies where the magnitude
assumes the value of zero.

1073
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Fig. 3. The relative approximation error formulated
as o, = AP, [P,

So, if we can accept the approximation error of
about 10% for some engineering computations then
we are equipped with an efficient low frequency
asymptotic formulation for the reactive sound power
of an elastically supported circular plate.

Now, let us examine the influence of an
axisymmetric boundary conditions of the plate
represented by the two values of boundary stiffness
Ky, and K, (cf.,, with Eq. (3) and Ref. [12]). All
the curves plotted in Figs.4 and5 have been
prepared for  k/k,=0.5, 1ie. where the
approximation error does not exceed 10% for all
modes. Fig. 4 shows that the change in normalized
value of K, has the very influence on the reactive
sound power within its middle range about the value
of K, a’ / 22D =1. The same can be observed with
the change in normalized value of K, which is

shown in Fig. 5. Generally, the influence is bigger
for the lowest modes and no influence can be
observed for those higher.
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Fig. 4. The reactive sound power in terms of
normalized stiffness value K, for K a / A,D=1
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Fig. 5. The reactive sound power in terms of
normalized stiffness value K,, for K,a’/2,D =1

4. CONCLUSIONS

Finally, we are provided with an efficient low
frequency approximation for the normalized reactive
sound power of a circular plate with some arbitrary
but axisymmetric boundary conditions. The
formulation can be used for some engineering
computations if the relative error of 10% can be
accepted for this purpose.
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