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1. Introduction

  For evaluating  radiation  eMciency  of  sound  from
ship  structures  inta surrounding  water,  it is necessary  to

know  the mechano-acouStical  transfer function H,
which  is describes as  fogloWs') :

                  H-･-ipLF, (1)

where  F  is the  tbrce exerted  on  the  ship  structure  and  p
is the  underwater  souncl  pressure radiated  from it. But                           '
it is hard to measure  this factor by  direct excitation  on

the ship  structRres  like installed rnachinery  and  the

ship's  propeUer because ef  their inaccessibility from

inside of  the  ship,

  The  theory of  the Feciprocity  principie, which  is
known  since  the publicatiQn of  Lord  Rayleigh,2) gives
us  the  solution  for this problem.

  The vibro-acoustic  reciprocity  method,  which  was

deyeloped by Steenhoek, ten Wolde and  followers,3-')
makes  it possible to determine the sound  transfer func-
tions  frern the ship  structure  into the  surrounding  water

by measuring  structural  response  to incident sound

from the  source.

  The  alm  ofthis  paper is to evaluate  the  validity  ofthe

vibro-acoustic  reciprocity  method  for measuring  the

mechano-acoustical  transfer function ofship  structures.

2. Vtbro-acoustic reciprocity  principle

  By the reciprocity  principle, the transfer function

from the  force F  exerted  en  the  surface  ofthe  structure

to the sound  radiated  into water,  as shown  in Fi'g. I,

can  be repTaced  by the  reciprocal  system  shown  in Fig.
2. The  reciprocal  relation  ofthese  twe  systems  can  be
given by5)

              (ptl;').=,=(v/U).=,, (2)

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

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.i)

  Supposing that the velocity  can  be expressed  by the

sinusoidal  form as  v[::C,exp(-]"at),  Eq. (2) can  be
  'wntten

 tts

            (PIF)v･･o==-(evfituU)F-o, (3)

where  a  is the  acceleration  of  the  surface  vibration  of

the plate and  ca is its angular  frequency.
  For the mQnopole  source,  the  volume  velocity  can  be
approximated  byS)

               ivU-(4irr'foo)p', (4)

where  po is the  mass  density ofwater  and  p' is the sound

pressure at  a  distance r'  from  the  source.

  Combining Eqs. (1), (3) and  (4), we  have

              H==(pof4 itr'), (alo'). (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  structuTe,

Exerted Force : F    ';'

Hul1PIate

Fig. 1

  tion.

      Radiated$ound:p

Vibro-acoustic system  for

  Sound Source
(Velumeve1ocity:U)

seund  radia-

Fig. 2

   Resulting Velecity oll ttie Plate / V

Reciprocal system  for sound  radiation.

151



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  of  Japan

3. Measurement of  the  rnechano-acoustical  transfer

   function for the  stee]  vessel

 To  evaluate  the validity  of  the vibro-acoustic  reci-

procity method  R)r .ship structures, the experiment  was

conducted  in the  anechoic  water  tank  for the  small

yessel  made  ofsteel  plate, as shown  in Fig. 3.

 The steel vessel  used  t'or the  experiment  has the

fo]lowing dimension : ].5m  in width,  2.0m in length
and  1.0m in height, The  plate thickness  is 5mm.

Under the st,eel vessei, the sound  source  SO was  set at

tbe  center  of  it with  th¢  separatien  of  O,5m  from its
bottom and  two  hydrophones  Hl  and  H2,were  set  on

both  sides  of  the  seund  source  with  the  separation  of

1.0 m,  as shown  in Fig. 4.

 To  verify  the  .Tectprecity method,  the  direct measure-
ment  was  also  conducted  by using  the vi'bration  exciter

FO  attached  at  the  center  of  the  fioor in the  steel  vesse],

TwQ  aceelerometers  A1 and  A2  wete  set on  both sides
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of  it. Signals from  these  sensors  were  processed by the
FFT  analyzer,  Figure 5 sbows  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 tbr the  steel

plate is calcuiated  from the fo11owing equations,  de-

g:･8xs:.E:.

 :tV-="=neco
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Fig. 3 Steel vessel  used  for the experirnent.
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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-aceustical

  transfer function of  the steel  plate by  the direct

  measurement  and  the  reciprocal  experiment.

rived  fi'om Eqs. (1) and  (5), for the  direct measurement
and  the reciprocal  expeiiment  respectively  :

(Direet measurement)

             El;Lp-Li,-120, (6)

where  H  is the transfer  function in dB, L, is the  radiat-

ed  sound  pressure level in dB re  1ltPa  and  LF  is the
applied  fbrce level in dB  re  1N.

(Reciprocal experiment)

             U==La-Lp'+158, (7)
where  L. is the resultant  acceleration  level in dB  re  1
mfs2  and  Lp･, is the sound  source  level in dB re l ptPa.
 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,
reciprocity  method

mechano-acoustical

tures,

it is seen  that the vibro-acoustic

is applicable  fbr measuring  the

transfer  function for ship  struc-
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