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1. gfitrodllction

   Noise barriei's are  used  as one  tnethod  as,ainst  nolse  wilh

the objcclive  of  sccuring  the living envlrodiment  t'or residents

along  rouds  and  rai]ways.  In tratllc agency  noise  predictins,, a

method  is used  in which  sound  sources  thul actually move  are

[reated as though  statlc  and  thc sound  at seund  receiving

peints is found, However, whcn  {he sound  source  is inhcrently

dnoving.  it is kno"'n  thal the frcguency modL]latien  and

oricnLtLtion  change  due to the Doppler effect. 11 is thought  thut

when  the N,elocity  ol' motion  is higher. these changes  can  not

bc is,nored, This paper reporLs  the results  oi' studying  noise

barrier insertion losscs when  the  Depp]er effect  is tuken  into

cffect  ",hen  the sound  source  moves  at  hie,h speed.

2. iXssumed  conditions

2.1. Sound  sourcc

   The sound  source  is assuined  to be a  rcspiratory  sphcre

with  a  simple  escillation  on  its non-oriented  surface  in a free

space,  This sound  source  is moved  in a  straight  line at

conslant  velocity  in para]lcl with  the noisc  barrier. Frequency

ol' the sound  source:  iS,OOOHz  sine  wave  (wavelength
23.l nim)  {at :5UC). Sound source  sound  power/ 90.0dB

(O.5m}. Sound  sourcc  movement  veloci(),  cenditiens/  300,
500. 700 kinlh (cons' tant ve}ocity).

2,2. Sound  source  and  suund  receiN,ing  point layeut and

     frcquency tnodulation

   Fisure  1 shows  how  the sound  source  and  sound  rcceiving

point are  lald out.  Thc gound  gourcc  und  sound  receiving  point

ure  set in a frcc space  and  the noisc  burrier is set  as  a rigid

body  knife edge  scmi-infinitc  length wall.  NN'hen a sound

source  of  t'i'equency v moN'es  at v,, the frequency ef  thc svund

observed  ut  the  static  gound  receiving  peint in thc  e. diree(ion

is expressed  as  vi. ct': sound  vlocily)

                 1)t 7.V  
C-
 O)

                      (' -  v, ceK  OH

   Figure 2 shows  the sound  rrequency  n]odu]ation  observed

at the sound  rcceiving  poinT when  a  sound  source  having eaeh

velocity  passes each  posiLion when  the ang[e  O. is substitute(1

 l'or the sound  source  position.

3. Study with  MaekaM,a  chart

    In the  cva]uation  of  the tL]nount  ot' diffraction attenuation

                      Doppler efl'cct. Noise prcdiction
                           PACS  number:  43.50.Gf

for the neise  barrier whcn  predicting railway  neise,  a method

is used  thaL uses thc Maekawa  chart  [11 regression eguation

[2], . On  the  Muekuwa  chart.  since  the noisc barrier insertion

loss is l'ound from the Fresnel number  N  (= 26f).). this

umount  depends on the  frequcncy of  the sound  source.  With

the sound  source  and  sound  receiving  point  Ln rhe layoul el'

Fig. ], it is agsumcd  that the  sound  source  is static  at each

posi(ion on  the line ot' movetncnt.  When  thc Doppler etifcut  is
takc  into account,  thc sound  power ]evei at the  suund

receiving  point can  be obtained  and  cotnparcd  by obtaining

the difi'raction attenuution  an]ount  t'or Lhe frequcncy eorre-

spending  to the pesitien and  vclocity  in Fig. 2. The results  arc

shown  in Fig, 3. Thc insertlon loss ['or the noise  barrier is

shown  in Fig, 4, From  Fig, 3, the peak of  the sound  powcr
levcl ut the sound  rccciving  point when  thc [vequency
inodu]ation  due te the Dopp]cr effect  is taken  into aceount

moves  to after  tl]e ccnLer  of the sound  receiving  point is

passcd by and  that distance toward  the rear  tends  te increase

as  the speed  increuses. Also. from Fig. 4, the peak for the

noise  barrier insertion loss is betbre the center  of  thc sound

recciving  point and  that distance forw;ird tends  to i]icrease as

the speed  increases. The  rcason  i'or this  is that atthou.g.h  the

sound  source  is static,  since  thc noise  barricr insertion loss

depends on  the frequenc), at  each  sound  seurce  position. the

frequeney becotncs lower with  a pesition beforc the sound

receiving  peint as  the beundary and  the insertion loss

decreases and  the sound  power  increases. On  the o(her  hand.

the distancc between Lhe sound  sourcc  and  the sound

recciving  point increases after  passage by the  seund  receiving

point center,  so  the distunce attenuation  increases and  the

sound  pesiv'er level dccreases. It is thought  that this is hew  the

inscrtlen less peak position movcs  due te thc relationship

between thc frequcncy modulation  and  the disrance,

4. Simulation using  buundary  element  method

    ln lhe  numeric  forecagting oi' railway  noise  ctc.,  a  rnethod

 [3] that obtains  thc solution  to a thrcc-dimensional  sound  field

by using.  inlegration to eonvert  the busic solution  found with

lhe boundarx, element  method  in a [wo-diniensional  spuce  and

 upplications  ef  that method  i4.5] have bcen reported.  This

 tin'ie, this  method  was  applied  to  the  study  el' the insertien loss

 i'or an  noise  barrier for a  rnoN'ing  sound  source  and  Ihe
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     Fig. 2 F[eguency  modulation  ut vuund  rcceiving  pojnt.

influcnce of  the chungc  in frequency modulation  and  orie]]ta-

[ion  due to the Doppler eH'ect  en  the  neise  bur]'ier ingertion
]oss -'as  stuclie(L

4,i. Two-dimcnsional  beundarl, e}emenl  method

    The noise  barrier is a 3-meter high rigid  wal]  whese

thickness  can  be ignored. Lt is assuined  that Lhcrc is no

reflectiun  frodn the greund surface.  The  temperature  is 250C
"nd  the sound  ve]oeity  is 346,7S tnls. The frcquenc}, interval
for the cross-scction  direction in order  to oblain  the two-

dlniensiona] solulion  "'as  set fine taking  into accottnt

integration convcrsion  diear  OIIz and  5Hi.
4,2･ , Integration convcrsion  to three dinicnsions
    Analysis timer -O.1 to O,1 secorid

    Radige for wavc  count  ks. -l.15 to 1,15 (k,)
    Lntei'vai:

    
-
 "iithin nornia]  range  (-O.9 <  k.. -'. O,9} k, div･ided into

      t2.000 points af equa]  intervals (autua] intervul
      1.g112.00U)

    
-
 ln the region  uround  singularity  points (O.9 <

      lk,1 <  1,[S), divic!g.d ii!to /i/.OOO points ut equal  inter-

      va]s  "'ith  kt,, =  V 1 -- ki, at k",, non-Ltniforrn  inlervals

    Samp]ing frcquency: 96,OOO Hz
4.3. Culculation results

    Figure 5. shows  thc solution  obtaincd  with  lhe thrcc-

dimedisional boundary elemenl  niethod  whcn  the sound  source
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inoves  at  constgnt  speed,  Figure 6 shows  the  insertien loss for

the  noise  barrier. Ft'om Fig, 5, as  the yclocity  increases. the

muximum  valuc  of  the sound  power level inereases and  its

position Lends  to move  forward from the  center  of  the sound

rcceiving  point. This trcnd is the oppositc  et' the trend for the

maximum  value  pesition to movc  rcurward  from the centcr  of

the  sound  receiving  puin( in Fig.3 when  thc frequency

mudu[ation  was  taken  into account.  It is theught  that the

reason  for this is that as  reportcd  by Dei [61 and  Tsuru r71, that

whcn  the seund  sourcc  meves  at  high speed.  the Doppler

ctl'ect causes  the sound  power  to rise  and  al Lhe saine  time  for
the sound  fie]d to have an  oricntation  charactcristic  toward  thc

direction of  advance,

   From  Fig. 6, the  maxknum  va[ue  of  the  insertion loss

when  the velocity  is 700 km/h  is 24.6  dB  aL O.S4 meter  befvre

the center  ef  the sound  receiving  peint, Compared  le the case

in which  rhe  t'requcncy modu[ation  is taken  into account  "'ith

lhe  )L{aekawa chart  in the previeus chapter.  this is O.25 meter

for",urcl and  the inserlion luss is O.g dB  lcss. It is thought  thut

Lhe reason  for this is Lhat the samc  as  for the  study  of  the

Dopp]er cffcct  with  the Muckawa chart,  the maximum  sound

power  observed  at  the sound  receiying  point depends un

whethcr  or  not  there is an  noisc  barrier. Also, thc change  in

thc insertion loss is not  smooth  at  any  velecity,  but rather has

small  ups and  downs. This is caused  by the ups  and  downs.

that  can  also  be seen  in t]ie change  in [he  sound  pewer ]eve]

uccotnpanying  the dlft'raction attenuation  of  the noise  ban'ier

in Fio-. 5. This is thought  (e be the infiuenee of intcrference    L. U
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between the direct seund  from the moving  sound  source  to the

seund  receiving  point and  sound  rcflected  from the neise

barrier k'}ward the  sound  source.

5. Conclllsions
   The fellowing is a  summary  uf  the results  of  sLudying  the

insertien k)ss for' ti nuise  barrier taking  into account  the

Deppler effect  when  the sound  source  moves  at high spccd
usin.g  the Maekawa  chart regression  equation  and  using  the

three-dimensional  boundary element  method.

   L) When  the sound  insulation amount  for thc noise  barrier

is calculated  with  the sound  source  in the  statie  slate  using  thc

Maekawu thart  regression  equatien,  by taking  into uccount

the frequency modulation  caused  by thc  Doppler effect,  the

peak of  the insertion loss for (he noise  barrier is ebscrved

about  O,3 meLers  t'orward at  a  velocitv  of 700kmlh  and  its

]evel is about  O,6dB higher, so when  tEc  sound  source  movcs

at  high spced.  it is necessvry  tv consider  the Doppler effect,

   2) From  the resu[ts  ot' calcutation  uKing  the thrce-

ciimensiona]  boundary clcment  method,  when  the sound

souree  rnoves  at high s.peecl, the frcquency modulation  aiid

sound  source  orientation  change  due to the Doppler effeet,

",ith  the result  that tbe position ot' the maximum  value  of  the

insertion loss fer the noise  barrier tlloves  ancl the inscrtion loss

is decreased,
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