
The Acoustical Society of Japan (ASJ)

NII-Electronic Library Service

TheAcousticalSociety  of  Japan  {ASJ)

Acoust, S('i. &  Te('h. 24. 3 (2003)

li･lllilllll'l･l･i･Iilll･l'iiili･lll･i･l･i･l,Li･llEil･E･li･i･l･lli･li･IS･lll:ISI.Et7pt..

The  new  underwater  sound  system  for synchronized  swimming:

An  example  of  The  9th FINA  Swimming Championships FUKUOKA  2eOl

Takayuki  Watanabei'*, Shiriji Kishinagai, Tokuzo  Fukamachi2  and  Osamu  Maeda3

L X4ilfAHA Advanced  De},elopment S.vstem Center,

iO-l NakazaM,a, Hamamatsu,  430-8650  Japan
2}AMAHA

 Motor  Marine  Operations,

3380--67 Mitkocg'inra, Afzii, Hamana,  438-8501  .lcxpan
] X4MA"A  Mot"rAdvanced  Tec'hnotogy  Reseai'ch Div.,

2500 Shingai, lvvata, 438-8501 Japan

(Rec'eii,ed 19 Noveniber 2002, Ac(tepTed,fbrpuhlication 24 ,tanttctt/y 
2003)

                          Keywurds: Acoustical design, Underwatcr sound,  Synchronized swimming,  Swimming pool
                                                                                PACS  number:  43.55.Jz

1. Introduction

   There were  concerns  about  the diffcrence between thc

ttnderwuier  sound  fields in a tcmporary  fiberglass [einforced

plastic (FRP) pool und  that in a conventional  reinibrced

concrete  (RC) poel, as  the tetnporary  FRP  pool was  to be used

for competitions  at the World  Swimming  Championships in

Fukuoka,  We  considered  three itcms as  key factors for a

s",imming  poo] for synchronized  swimming/  1) the sound

source  irself (output !evel, fiuctuations in frequency charac-

teristics); 2) thc effect  of  thc matcrials  uscd  in the pool upon

instal]ation conditions  for sound  source$;  and  3) cffect  ot' the

tn-th  modc  low-t'requency cutoff  in 
"`shalluw

 watci"  []-31.
To  improve the basic problems related  Lo the first factor, we

developed a  new  actuator-drix,en  underw'ater  sound  system

(YALASTM), which  can  eliniinate  the eft'ect ot' installation

conditions  for undcrwarer  speakers  in the FRP peol. This new

underwa(er  system  has now  seen  practical use  m  compet]-

tieng, The following summarizes  this new  underwater  sound

system  and  cemparcs  the system  with  cunventional  systems  
in

terms  of acoustic  churacreristics.  Notc that the  outline

dimcnsions of  the temporary  pool and  detai]s of  component

parts are  shown  in Fig, 1. Floor panels (6,900mni ×

2,OOOmm)  are  placed on  the existing  RC  floor ol' the site.

Panels of  6,OOOmm  W  ×  1.500mm  H, framed at the intcrval

of  SOO min,  are  do-ble-stacked te form  sidewalls.

Z. Overview of  the  new  sound  system

2,1. The  sound  system  for synchronized  swirnmmg

   Figure 2 shows  a gchcmatic  diagram of  the system  used

for the competitions,  
'rhe

 basic ncw  sound  system  is

composcd  of  three sub-systerns:  1) for the audiencc:.  2) for

poolside 1'old-back; und  3) i'or underwuter  fold-back. Under-

water  speakers  are  pluced in the eenter  of  thc FRP  poot to

avoid  any  attenuarion  or  sound  pressure [evels and  inter-

ference in l'requcncy charucteristics  caused  by the FRP  walls,

2,2. The  new  sound  system  t'or synchronized  swimming

   To  provide both sufficient  sound  volume  and  uniform

sound  pressnre distributien in the acLing  arcu  i'or competition.

and  to  ayoid  charactcristic  adverse  wave  refieczions  b>, the
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FRP  walls.  a  number  of actuators  were  evenly  mounted  on  the

back of  the sidewa]1  at the diving platform. We  intended to

apply  a  plane wavc  contrel  method  to the FRP  poel to use  the

whole  area  of  the sidewatl  as  a  sing!e  acousTic  radiator.  Figure

3 shows  the syslem  configuration,  and  Figs.4 and  5 the

locations and  distribution of actuators,  respectively,  To

improvc radiation  ethciency,  actuaLors  arc  mounted  directly

on  a  single  FRP  plate (4.4mm in thlckness)  with  the core

}ayer removed  from the panel, Figure 6 shows  the vibration

characteristics  of  a FRP  wall  in air.

3. Measurements
3.1. Basic charactcristic  ot' the new  sound  system

   Figures 7 and  8 show  the measured  frcquency character-

istics. Flat responses  are  depicted in the  frequency range

abovc  1kHz  (3dB deviation bctween IkHL  and  10kHz),

showing  a uniform  response  regardless  oi' the  distance from

the sound  source  Cless than  2dB  deviation). This new  sound

system  achieved  a higher sound  pFessure leveL than that of

cunventiona]  underwater  speakers  by approximately  10dB.

We  think that the cause  of  the lowered sound  pressure level

below 300 Hz is due to the effect  of thc m-th  modc  low-

t'rcquency cutoff  in shallow  water.

3.2, Sound  field characteristics

   Figures 9 and  10 show  the measured  seund  ficld

eharacteristics of  both conventLenal  systems  and  the new

underwater  sound  system.  Regarding reverberation  time

(T60), no  KignLfieanr  difference is seen  between thc two

systcms,  Measurement  showcd  that the ax,erttge  
sound

absoiption  coeracient  is smttller  than  O.1, which,  if compared

with  a seund  field in a  ruom,  could  be considered  the one  t'or a

eomparatively  live sound  space.  The measured  echo  timc

putterns showed  appropriatc  uttenuation  with  time.

   The average  D50s  along  the frequeney bands (Fig. 11) for

both lhe  conventienal  and  the new  sound  system  are  more

 Lhan 409h. This fact shows  that there is no  signiiicant

 differcnce between the two  systems  and  that the  new  system

 retains  sucacient  audibiliTy,.
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   Fig. 7 Compariscm of  frcquency charactcristics  or  tun-

    ventio[iu[  und  ncw  sysle]n.
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Table 1 Out[inc of  The 9[h 1:INA World  Swimming  Championships FUKUOKA  2001.

VenueAuspieeDesign

 ttnd construction  of' FRP pc')oi

Seund  strsteni operator

Dcsis.n u[' new  sound  systetn

A  period of  compctition

A  period ot' consu'uelion

      Marine Messe FLtkuokeL etc,
      Federation [ntcrnalienale dc Nutatlo]i

      YAMAHA  Metor Mm'ine  Operulions

      COL

       YAMAHA  Ad. S},.s. Dcv. Cenler

      Ju].y I6-29. 200t

. 
Installfyion

 
.S
 
days.

 
Remova!l
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4. Conclusion
   V+Je have clevc]oped  a ncw  underwuter  sound  sys.tein  for a

FRP  poul. which  can  offer  music  with  sufiicient  audibHi(y  in

-'atcr  when  used  for synchronized  swininiing  cornpetitions.

W'e guined a good rcputation  froni competitors  beeiLuse the

new  systein  sbowed  supcrior  performance to cunventional

systetns  in sound  volume  and  sound  quality, tLnd  in uniformit},

oi' sound  disu'ibu(ion, We  think there are  two  targets

remaining  for the future] t) 1iow to get over  the  constraints

of  the n't-th mode  low-i'requency cutefl': and  2) devclopmedit

of  a futurc underwater  sound  system  that is s.uilable  for RC

pools, because this new  system  is not  suitable  fer RC  pools
when  used  as  iL is.
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