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1. Introduction

For evaluating radiation efficiency of sound from
ship structures into surrounding water, it is necessary to
know the mechano-acoustical transfer function H,
which is describes as follows? :

H=p/F, (1)

where F is the force exerted on the ship structure and p
is the underwater sound pressure radiated from it. But
it 1s hard to measure this factor by direct excitation on
the ship structures like installed machinery and the
ship’s propeller because of their inaccessibility from
inside of the ship.

The theory of the reciprocity principle, which is
known since the publication of Lord Rayleigh,? gives
us the solution for this problem.

The vibro-acoustic reciprocity method, which was
developed by Steenhoek, ten Wolde and followers,®="
makes it possible to determine the sound transfer func-
tions from the ship structure into the surrounding water
by measuring structural response to incident sound
from the source.

The aim of this paper is to evaluate the validity of the
vibro-acoustic reciprocity method for measuring the
mechano-acoustical transfer function of ship structures.

2. Vibro-acoustic reciprocity principle

By the reciprocity principle, the transfer function
from the force F exerted on the surface of the structure
to the sound radiated into water, as shown in Fig. 1,
can be replaced by the reciprocal system shown in Fig.
2. The reciprocal relation of these two systems can be
given by®

(BIF)u-0=(0/U)r=0, (2)

where F is the force exerted on the structure, p is the
radiated sound pressure, v is the normal velocity of the

SHORT NOTE

plate excited by incident sound pressure from the source
and U is the volume velocity of the sound source,
which is defined as the diaphragm velocity of the
hydrophone times its effective diaphragm area.V

Supposing that the velocity can be expressed by the
sinusoidal form as v=C -exp(—jwt), Eq. (2) can be
written as

(/F)v=0=—(afjiwU)r=o, (3)

where « is the acceleration of the surface vibration of
the plate and w is its angular frequency.

For the monopole source, the volume velocity can be
approximated by®

joU=Anrfo)p (4)

where p, is the mass density of water and p’ is the sound
pressure at a distance #’ from the source.
Combining Egs. (1), (3) and (4), we have

H=(po/47r"), (afp) . (5)

By this equation, the mechano-acoustical transfer
function can be determined by measuring the under-
water sound source and the resultant acceleration on
the ship structure.
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Radiated Sound : p

Fig. 1 Vibro-acoustic system for sound radia-
tion.
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Fig. 2 Reciprocal system for sound radiation.
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3. Measurement of the mechano-acoustical transfer
function for the steel vessel

To evaluate the validity of the vibro-acoustic reci-
procity method for ship structures, the experiment was
conducted in the anechoic water tank for the small
vessel made of steel plate, as shown in Fig. 3.

The steel vessel used for the experiment has the
following dimension: 1.5 m in width, 2.0 m in length
and 1.0m in height, The plate thickness is 5 mm.
Under the steel vessel, the sound source SO was set at
the center of it with the separation of 0.5m from its
bottom and two hydrophones H1 and H2 were set on
both sides of the sound source with the separation of
1.0 m, as shown in Fig. 4.

To verify the reciprocity method, the direct measure-
ment was also conducted by using the vibration exciter
FO0 attached at the center of the floor in the steel vessel.
Two accelerometers Al and A2 were set on both sides

Fig. 3 Steel vessel used for the experiment.
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of it. Signals from these sensors were processed by the
FFT analyzer. Figure 5 shows the sound pressure
levels from the source measured by the hydrophone H1
and the resultant acceleration levels measured by the
accelerometer Al on the plate in the reciprocal experi-
ment.

The mechano-acoustical transfer function for the steel
plate is calculated from the following equations, de-
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Fig. 5 Power spectra obtained by the reciprocal
experiment.
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Fig. 4 Schematic diagram of the experimental system.
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Fig. 6 Measured values of the mechano-
acoustical transfer function by the direct mea-
surement and the reciprocal experiment.
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Fig. 7 Mean values of the mechano-acoustical
transfer function of the steel plate by the direct
measurement and the reciprocal experiment.

rived from Egs. (1) and (5), for the direct measurement
and the reciprocal experiment respectively :
(Direct measurement)

H=Lp—Lr—~120, (6)

where H is the transfer function in dB, L, is the radiat-
ed sound pressure level in dB re 1 yPa and L; is the
applied force level in dB re 1 N.

(Reciprocal experiment)

H=L,—Ly+158, (7)

where L, is the resultant acceleration level in dB re 1
m/s* and Ly, is the sound source level in dB re 1 yPa.

Figure 6 shows the transfer function data obtained by
the direct measurement and the reciprocal experiment.
In Fig. 7, the mean value of them are also presented.

From these results, it is seen that the mechano-
acoustical transfer function by the reciprocity method
almost agrees with the measurement data obtained by
the direct excitation on the plate.

4. Conclusion

From this study, it is seen that the vibro-acoustic
reciprocity method is applicable for measuring the
mechano-acoustical transfer function for ship struc-
tures.
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