A REVIEW OF IMPULSE RESPONSE METHODS TQ EVALUATE ACOUSTIC TRANSIENT
AND HARMONIC RADIATION FROM ARRAYS

Peter R, Stepanishen
‘Department of Ocean Engineering

_ ~ University of Rhode Island
P . Kingston, Rhode Island 02881

The présent'paper reviews the development of impﬁise response and convélu-
tion integral methods to evaluate the acoustic transient and harmonic radiation
from arrays of projectors which are‘e#cited by eléctrical excitations of arbi-~

_trary bandwidth, In oxder to‘address the subject, the paper is subdivided into
a.review of recent contributions in the following éreas:

i. impulse response methods of evaluating the acoustic fields reéulting

from specified temporal.wide bandwidth velgcities of the radiation
surfaces of planar projectors,

ii. impulse response methods of evaluating acoustic interactions among

transducers with_sPecified temporal wide bandwidth velocities of the
- radiating surfaces, and
.] iii. impulse response methods of evaluating the wide band'_;widfh velocities
‘ of the radiating surfaces for an array of projectors which are acousti-
cally coupled and electrically excited.

'J The devglopment_of the impulse response method for ,each. gf the aforementioned
areas is presented along with pertinent numerical results which illustrate
acoustic transient radiation and array phenomena of importance,

The impulse response method of analyzing acoustic_ﬁear and far fiéld trans-
lient and harmonic radiation from vibrating pistons of arbitrary shape is first
y reviewed, The‘méthematical develoément of the impulse responsé method is
presented via the use of a time dependent Green's function selution to an

initial boundary value problem. It is shown that the time dependent field




pressures which result from the specified time dependent velocity of a Vibra-.-
tor ¢an. be expreesed as a condoldtion of the velocltf with a spatially depen-
dentrimpulse responee. In addition, the frequency dependence of the harmonic
pressure field_resulting £rom a harmonic velocity ie shown to be simply related
to the Fourier transferm of the spatially dependent iﬁpulse response,

Several general characteristrcs of the acoustic field which result froml
the pulsed excitation of baffled plstons of arbitrary shape are discussed,
Numerical results are then presented to 111ustrate the characteristics of the
impulse re3ponse and the characteristics of the acoustic near and far field
pressures which result from the pulsed velocity of elliptical, circular and
rectangular pistons which are excited by wrde bandwrdthrexcitations.

The extension of the impulse reepohse method to evaluate the accustic wide
bandwidth interaetion forces among elements or arbitrary shape and spacing in
an array is then addressed. It is shownjtnatdthe‘time dependent force, which
acts on an element in an array due to the:timefdependent'velecity of an adja-
cent element,.can also be expressed as a eenvolutionrof the velocity with a
torce impulse'reeponse. It is further sho»n that the Fourier transform of the
force 1mpulse response correspondlng to two elements is directly related to
the familiar mutual radiation impedance between the elements.

The time domain characteristics of the force impulse responses are then
presented and discussed for pistons of arbitrary shape, Since the mutual
radiationAimpedancee are simply related to the Fourier transform of the general -
ized impulse response, many of the characteristics of the mutual radiation im-
pedance are evident from the force impulse responses via the use of elementary
Fourierx transferm relationships. In order to illustrate the foregoing comments,
nnmerical results are presented for the force impulse responses and mutual

radiation impedance between circular pistons with various spacings,
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The extension of the impulse response method is'then presentedlto evaluate
lfthe'velocities of the radiating surfaces for a planaf arréy of projedtors which
are acoustically cdupled and electrically excited, A general multl-lnput/multi-
cutput model of the array which is readily applicable for transient ana1y51s
is presented and dlscussed. It is shown that for the case of harmonic elec-
ltricalzéxcitatiqns of the projectors, the harmonic velocities dan be obtained
from the model via the well known solution of a matrix equation,

Several apéroaches to evaluate the fime dependent velocitied df Ehe pfo- i
'Jectors resulting from wide bandw1dth electrlcal exc1tations are presented In 1
particular, it is noted that the time dependent velocities can be described by ‘
a set of time-domain coupled convolution integral equatlons which include the
prev;ously.noted force impulse ;esponseq. slnce the Equations can be readily
solﬁed in the time domain, the method offers a means by which the transient
responsd and assopiatedAiimitations of arrays can be evaluated.. In order to

;ﬁfiiustiatE‘typical characteristics of the transient response of elements in an
ai:ray, numerical re‘sults. are presented for sevéral cases of interest and the

results are discussed,




