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Abstract

The characteristics of radiation impedance are analyzed by algorithms which consists of Finite Element Method (FEM)

and Hybrid type Infinite Element Method. The changes of radiation impedance for piston source according to the size

and the material properties of baffles are studied. The results of the radiation impedance for rigid finite baffle coincide

with other reports. The more the material properties of baffle that comes across the acoustic medium, the more the calculation

results of radiation impedance approach the ones without baffle.

Therefore, these results can be applied to-the design and the radiation characteristics analysis of acoustic iransducers.
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[. Introduction

The calculation of radiation impedance is an important
element in analyzing the driving characteristics for the
transducers[1,2]. In general, the acoustic transducer has the
baffle that reduces backward energy loss. Therefore, the
radiation impedance has many different characteristics
according to the size and the material property of the
baffle[3,4).

The radiation impedance has been calculated under the
condition that a source is mounted on the rigid infinite
baffle[3-5]. However, the practical transducers have the
non-rigid finite baffle. The theoretical calculation has many
difficulties and errors for finite baffles[4}. The radiation
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impedance for the regular square source was investigated
in the previous report{2]. Although the radiation impedance
have been calculated by the finite element method, it takes
a lot of computation time because the electric field,
mechanical field, and acoustic field have to be considered.
The calculation method is not adequate to analyze changes
of radiation impedance by boundary conditions in vibrating
surfaces.

In this paper, we calculate the radiation impedance
under each condition that the source is mounted on the
rigid baffles with various size and non-rigid finite baffles.
The calculation algorithm is combined with the two
dimensional finite element and the hybrid type infinite
element method. The calculation results are compared with
the theoretical ones for the rigid infinite bafile. Using the
algorithm, the variation of radiation impedance according



to both size and material properties of baffles, can be

investigated.

ll. Finite Element Analysis

The symmetric three dimensional problem can be expressed
by the two dimensional problem with the surface including
symmetric axis. In order to calculate the radiation impedance
of a circular piston source, the algorithm that combines the
two dimensional axisymmetric finite clement method and
hybrid type infinite element method must be applied.

Firstly, the Lagrangian expression for the two dimensional
axisymmetric finite element method according to a circular

piston source can be derived as follows[6,7]:
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where subscript e refers to an element, and
V : potential energy
T . kinetic energy
W : driving force
(&™),
(M), :

{ W), : distribution vector

inertance matrix

clastance matrix

{#}. : sound pressure- vector

o, + density
¢, : sound speed
o : angular frequency
U, @ driving displacement.
The discretized equation can be derived by the variational

principal( 6£=0).
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Secondly, the Lagrangian expression for the hybrid type
infinite element corresponding to open region can be
written as follows[6],[7]:
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where,
{8} : unknown coefficient vector
TP} : unknown vector at boundary
{A} : function vector
{A,} @ normal derivation of { A}
{L} : interpolation vector of pressure corresponding to
boundary.
Stationary condition of Eq. (3) about {8} yields
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Substitution of Eq. (4) into Eq.(3) vields
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where the matrix [S],, for an infinite element is
admittance matrix at boundary. Using the admittance
matrix, which terminate {inite elements at boundary, the
finite region can be combined with infizite region.
From the algorithm, the radiation impedance Z,r can be

calculated as follows:

ZrF: J(j;n :}%m fjl"di’dds (6)

where «,, is the particle displacement and p, is the sound
pressure on the radiating face.

The initial axisymmetric model for the radiation impedance
analysts is shown in Fig. 1. In this figure, R is radius of
circular baffle. The area of radiating face and baffle is

divided by finite elements. The open boundaries are then
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Figure 1. FE model of circular piston source.

contbined with hybrid type infinite elements. The radiating
face is assumed to be driven by uniform velocity. Normal
derivation of pressure in the rigid baffle are considered to
be zero. For the non-rigid finite baffles, material properties
of the baffles are substituted to each finite element.

[ll. Results

Using the FE mode] as shown in Fig. 1, the radiation
impedance density for the rigid infinite baffle is calculated
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Figure 2. Radiation impedance density for the rigid infinite baffle.

as shown in Fig. 2 when acoustic medium is water.
Although the results of radiation reactance have a little
difference at large 4a, the results of radiation impedance
obtained by FEM coincide well with the theoretical ones[5].
From the results, it is confirmed that the algorithm can be
applied to the calculation of radiation impedance for circular
piston source with infinite bafile.

The radiation impedance density is calculated as shown
in Fig. 3 when a/R is 0.33, 0.66, and 1.0. In the range
of small %z, the radiation resistance density without baffle,
i.e, a/R=1.0, shows different characteristics from the results
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Figure 3. Radiation impedance density for the rigid finite baffle.
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Figure 4. Radiation impedance density for the non-rigid finite baffle (a/R=0.33).
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Figure 5. Radiation impedance density for the non-rigid finite baffle (a/R=0.66).

for infinite baffle, i.e, a/R=0.0. These results coincide well
with other reports calculated for rigid finite baffle[4]. The
results of radiation reactance, Fig. 3(b), show different
peak values by the baffle size. This tendency agrees with
the ones of rectangular source calculated by Kim et al.[2].

Since the baffle is practically finite size and non-rigid,
the variance of radiation impedance density according to
the material properties of finite baffles are calculated. As
the non-rigid baffles such as copper, aluminum, and polyure-
thane are selected with radius ratios of a/R=0.33 and
a/R=0.66, respectively. The material properties of non-rigid

baffles used in these calculations are shown in Table 1[5].

The radiation impedance density for a/R=0.33 according
to each material property is shown in Fig. 4. The radiation
impedance density decreased when the acoustic characteristic
impedance of the baffle had little value in the range of
small kz. From the results above, the calculation results
for the polyurethane baffle agrees with the ones without
baffle. It is considered that the polyurethane baffle can not

Table 1. The material properties of non-rigid baffles.

" Malerial . Uh Density [ke/m® | Speed D/
Copper 8900.0 5000.0
Aluminum 2700.0 6300.0

Polyurethane 1020.0 1941.2
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play a role of baffle because its characteristic impedance
is close to one of water as an acoustic medium.

Fig. 5 shows the results of radiation impedance when
the a/R is 0.66. Although the changing tendency of the
results are similar to Fig. 4, the variance of change is
narrow, It shows that the effect due to the baffle is
decreased by reducing the baffle size.

From the results of Fig. 4 and Fig. 5, the size and the
material properties of the baffle are effective to the
radiation impedance in the range of small Aq.

IV. Condusions

To analyze the characteristics of radiation impedance for
various baffle conditions, a calculated method which com-
bined the axisymmetric FEM with hybrid type infinite
element method is applied.

Using the method, the variance of radiation impedance
according to the size and the matenial properties of the
baffles was calculated. From the results of radiation impe-
dance for rigid infinite and without baffle, the effectiveness
of this method was confirmed. The dependence of radiation
impedance was confirmed for the calculation results of
radiation impedance according to the material properties of
non-rigid finite baffles.

These results can be usefully applied to the design of
practical acoustic transducers.
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