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Instantaneous Environmental Noise Simulation of High-Speed Train by
Quasi-stationary Analysis
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ABSTRACT

An instantaneous environmental noise simulation method emitted by a moving high-speed train by

quasi-stationary analysis is proposed in this study. In the method, the propagation attenuations from

stationary point sources on segmented railways to a receiver are calculated using a general purpose

environmental noise prediction program ENPro based on the ISO 9613-2 method. Then, the instanta-

neous environmental noise at a receiver due to a moving high-speed train considering convection ef-

fect is evaluated with the information on the propagation attenuations from the instantaneous train lo-

cation to the receiver and the sound power levels and directivity of stationary point sources eval-

uated by German Schall 03 (2006). To demonstrate the validity of proposed method, simulated and

measured time history of instantaneous noise for KTX-I and KTX-II on running are compared and

the results show that the method can be utilized for the train noise source identification as well as

the simulation of instantaneous environmental noise emitted by a high-speed train.
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Table 1 Part sources and their heights defined in
Schall 03 2006

. Part
Source | Height| 2 .
. B (0) source | Noise cause of component
typ s D m

0 1 Rail roughness

0 2 Wheel roughness
Radiation of the transmitted

. as structure-borne rolling
Rolling 4 3 | noise due to the rail
noise roughness by car bodies
Radiation of the transmitted

4 4 as structure-borne rolling
noise due to the wheel
roughness by car bodies

5 5 Pantograph head

Aero- Pantograph chamber, grid of
dynamic 4 6 refrigerators and air
noise conditioners on the roof

0 7 Flow around the bogies
Fans of refrigerators and air

4 8 conditioners, suction side of

Eaui the roof area
quipment - -
p Fans of refrigerators and air
noise o !

0 9 condltloners, suction and
pressure side in the sub-floor
area

Propulsion| 4 10 | Exhaust system
noise 0 11 Engine, gearbox
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Fig. 1 Definition of 3-D angle to evaluate source
directivity(ﬁ)
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-Modeling of target site including railway
-Define receivers
+Define the locations and PWL of point
sources for segmented railway
]
+Calculate sound pressure level at a receiver
due to each point source
v
-Extract the propagation attenuation from
each point source to the receiver
¥
-Redefine the PWL of point sources if
necessary

«Define the instantaneous location of a
moving train at a time t
¥
«Calculate the instantaneous sound
pressure level at the receiver due to the
point sources within the train location
including convection effect

i
§ VYes

+Plot the time-history of instantaneous
sound pressure level at the receiver

Fig. 2 Flowchart to evaluate the instantaneous sound
pressure level due to a moving train at a
receiver
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Fig. 3 Model to estimate propagation attenuation
from the stationary point sources to a
receiver: Bongdam region
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Table 2 A-weighted sound power level of point
sources (dBA/m): Train speed=300 km/h

Train|Source 1-octave band center frequency (Hz)
type | height | 63 | 125 | 250 | 500 [1,000|2,000(4,000(8,000
Om |52.9]59.9|64.1|74.7|84.1|885|83.3 655
(I}?j% 4m 42,9 ]489]57.962.0] 649649589509
Sm | 349439519559 589|60.9]55.9|47.9
Om |52.9]60.0]643]76.1|85.7]90.1|84.9 | 67.1
K_TIX 4m 429489579 62,0 649649589509
Sm | 349439 (519559589609 ]559|47.9
Om |52.9]599]63.9]73.9|832|87.6| 824|647
KX Cam (429489579620 64.9] 64.9] 589|509
Sm | 349439519559 589 609|559 47.9
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Fig. 4

Instantaneous Sound Pressure Level (dBA)

Fig.

Instantaneous Sound Pressure Level (dBA)
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5 Calculated and measured noise profile in
overall at the receiver: KTX-I, 296 km/h
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Fig. 6 Calculated and measured noise profile in
overall at the receiver: KTX-II, 282 km/h
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Table. 3 Measured sound pressure level minus
calculated one: KTX-I, 296 km/h

Time l-octave band center frequency (Hz) Over
(sec) | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | all
7 |14.6|125]145|102] 52 | 1.8 | 09 | 15.5] 3.5
8 [12.1]10.0|13.5| 56 | 2.8 |-22| 4.0 |135] 1.2
9 |11.0| 86 [13.1| 1.1 |-62|-9.7|-26]| 9.4 |-57
10 | 11.3| 82 | 14.6| 0.7 | -82 |-113|-3.0| 9.7 | -6.3
11 | 122197 [153|16 |-79]-97|-20] 94 |-54
12 106 82 [16.1| 32 |-13|-43| 15 (132]|-14
13 |12.6| 88 | 18.6| 6.2 | 0.0 |-0.5| 5.6 |21.8] 1.5
mean | 12.1 ] 9.4 | 151 4.1 |22 |-511] 0.6 |13.2|-1.8
sd. | 1.2 |14 | 1.7 32|49 |48 |31 |41 |37
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