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Abstract

When a sound source is moving at high speed, the sound source characteristics change, for example the
frequency is modulated by the Doppler effect, and these changes increase as the velocity of movement of
the sound source increases. That is why the loss for inserting a noise barrier when the sound source is
moving at high speed was studied.

This document first studies the application to the case of frequency modulation of the sound source of the
technigue that finds the 3-dimensional sound field analysis by integrating along the sectional direction the
basic analysis found for a two-dimensional space with the boundary element method. From the results
of this numerical calculation, when the sound source moves at high speed, the sound pressure at the sound
receiving point rises with the speed and if the origin is placed at the sound receiving point front surface
and the positive direction is set as the direction of the direction of progress of the sound source, then the
position at which the maximum value is observed at the sound receiving point moves to a negative
position. Also, when there is a noise barrier, the maximum point moves even farther in the negative
direction and the distance of that movement increases with speed. This study makes clear that the
maximum value of loss from inserting the noise barrier increases and is 1.8 dB larger at 700 km/h.
However with this technigue, the volume of computation becomes enormous and much work is required,
so next a simple technique based on the usage of the Maekawa experimental equation for finding the
insertion loss for a noise barrier taking into account the change in sound source orientation and frequency
modulation due to Doppler effect when the sound source moves at high speed was proposed and studied.
The results for finding the insertion loss using this technique matched well the results found already with
numerical calculation, showing that thistechniqueis useful.
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Table 1

(m) (dB) (m) (dB)
1 300km/h -31 89.0 -36 715
( 30 ) | 500km/h -54 90.8 -6.6 732
700km/h -83 938 -10.0 76.0
5 300km/h -3.1 895 -47 65.9
( 67.4 ) 500km/h -5.2 91.3 74 67.6
700km/h -78 943 -31 70.3
3 300km/h -32 88.7 50 62.1
( 90 ) | 500km/h -55 905 -9.0 63.9
700km/h -80 936 -148 66.6
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Table 2

(m) (dB)
okm/h 0 16.8
1 300km/h -25 17.7
( 30 ) | 500km/h -41 178
700km/h -6.6 18.1
okm/h 0 232
2 300km/h -2.7 24.1
( 67.4 ) 500km/h -5.1 24.2
700km/h -54 246
Okm/h 0 26.0
3 300km/h -20 27.4
( 90 ) | 500km/h -33 275
700km/h -6.3 27.8
( - 0.6m)
Fig.7 (700km/h)
Fig.5(a)
Fig.5(b) Fig5(c)
[11]

Fig.6(a) (c)
30

700km/h

Table 2

1.8dB

N =26/4 &

Fig.8

90

1.3dB



- 90 C > R 90 C > R 90 C >
=80 \ = =
® o o
210 -{C D 2 70 = 70
2 K 2 700km/h 2
E = a [ C) — — 2\7 [ C) o] 700km/h
§ 60 iSOOkm/h: ;500km/h|*(_~P % 60 : \/ § 60 =7
@ o km/h ] ( Y e ,f//-//&/ — ==
50 50 50
-25 -20 -15 -10 -5 0 5 10 15 20 25 —25—20—15—10—50510152025 —25—20—15—10—5 HO 5 10 ‘15‘ 20 ‘25
Source Position m Source Position m Source Position m
@) 30 (b) 67.4 ©) 90
( ) ( ) ( )
Fig.8
90 — Jrookm/i] 90 ol (T | — T Y QD R
o - 500km/h _ 7//// Y S -
?; 80 A/ § 80 [300Kknn /7] ? 0 y y [300km7n]
E L3 AR =L
e |\ N @ | -
g 10 \ g 10 g7 =
g emtE S j,/% A —
S 60 Z S 60 \ 500km/h S 60
5 1 CD & ES 5| mn e =
50 50 C} 50 700km/ ——
=25 20 -15 -10 -5 0 5 10 15 20 25 25 20 -15 -10 -5 0 5 10 15 20 25 =25 20 -15 -10 -5 0 5 10 15 20 25
Source Position m Source Position m Source Position m
@) 30 (b) 67.4 ©) 90
( ) ( ) )
Fig.9
Table 3
(m) (dB) (m) (dB)
1 300km/h -0.32 88,5 -0.43 713
( 30 ) 500km/h -0.54 905 -0.68 73.2
700km/h -0.82 938 -1.03 76.2
2 300km/h -0.30 88.9 -0.55 64.6
m =V. . -u. .
( 67.4 500km/h 051 90.8 0.84 66.7
700km/h -0.79 94.0 -1.18 69.8
3 300km/h -0.34 88.3 -0.59 61.2
( 90 ) 500km/h -0.55 904 -0.93 63.5
700km/h -0.80 937 -1.33 66.8
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(m) (dB)
1 300km/h -18 17.7
( 30 ) 500km/h -30 17.8
700km/h -4.6 182
2 300km/h -11 24.9
( 674 ) 500km/h -19 25.1
700km/h -29 254
3 300km/h -1.2 27.8
( 90 ) 500km/h -20 28.0
700km/h -31 28.3
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