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Abstract: Taking self-ventilated traction motor as the
research object, the characteristics of aerodynamic noise were
analyzed in this paper, including the physical measurement of
noise, identification and classification of aerodynamic noise.
Through no-load noise test, the noise components of the
prototype machine were analyzed and the main noise sources
were identified. Based on CFD theory, the steady flow field of
the whole motor was calculated to obtain parameters such as
system wind resistance and velocity distribution. The motor
aerodynamic noise was then predicted and evaluated according
to flow characteristics. Noise reduction was achieved at the
source by optimizing the design of the air inlet and outlet
structures and the power fan. Meanwhile, an acoustic
enclosure was used to control noise along the transmission
path. The test results showed that the aerodynamic noise of
the motor was significantly improved by adopting ventilation
optimization design and acoustic measures at high rotational
speeds. The conclusion provides a theoretical reference for
noise reduction design in self-ventilated traction motors.

Key words: traction motor; aerodynamic noise; ventilation

design; noise reduction
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Fig. 1 Schematic diagram of ventilation in

self-ventilated traction motor
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Tab.1 Comparison of noise at different speeds
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Fig.3 Spectrogram of the inlet measurement point
(4700 rpm)
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Fig.4 Schematic diagram of the axial air inlet filter

P 5 DAy i) 2 IR ) 5 ) DR 4 ) 3k 2

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



EEGRR 45 . o KUY A 5| A AL M R R A S

HUANG Pengcheng, et al: Characteristic Analysis and Control Study of Aerodynamic Noise in Self-Ventilated

4

Traction Motors

AR AL, D R R] LU B0 fi e XL AU e T i
[ HEIX 7 2 5 IXUIE B89 X AN 2 T Al i) 2 XU
BRAR, B AIPEH  , R R AR U A A A 32
PERA PGS
ﬁ%/(m%")

B 5 RAREEERSEE

Fig.5 Velocity streamlines before and after optimization
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Fig. 6 Cross-sectional streamline comparison of fluid

domains between fan blades
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Tab.3 Comparison of parameters before and after

optimization
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Fig.7 Outlet sound insulation device

TS B XU SNSRI 1Y) 4 A Y 11 b i3 8 i 7
PR SR ] R s Ak S B A R AL A
WA S, — AN WA B E R S, 55— A
Je AT A 25 B0 S THT 378 S 5 A Jo 9 7 5 Bk
55 o [Fi) P I 7 2R IS AR B B R A A A T TR AR
TRANERE ™ A it O

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRN, 265 51 4%, 45 10 4]

Electric Machines & Control Application, Vol. 51, No. 10, 2024

5

4 MREF

T 3l M S i B v A T R A
7 i S IR 7R 2 M OT IR DLSGR A 5Ok
BIABR A i LG B It 1IN [ ARSCAS | B RLFE T
FErpARA R, Ol AR TR, S AR
LR N SR T R LRGP, DAy e e 2 3t e 4K
L/ DU

AR Ay 2 B0 KU IE BT B S
P77 D AR LT S KU
I B A, rir A R4 107 2K AL HIL R e n]
ARG A 5 KB R TIPS . FR LT o s e )
LTS 2 (100t Sl AR ASAR N YA AT 125 A B 1Y
S, P R A B3 2 T A L AR R
FI CFD B AF AT 35 W7 ok T 2 36 A SNt AT
P

HLLIE A S R Ly, , FERUBH R Z,, KU
N Qo , BLBOH XA R @, KUEH g Z, I e 7 4
Ly 1

Ly =Ly, + SOlgg + ZOng£ (3)

0 0

T It kR XUBEL S50 0 Ak F P AL e s ik
3 4 700 rpm DR 1l £ s o A A T S
WA 3 dB, TINS5 SR AN 4 PR,

F4 BRETW
Tab.4 Noise prediction
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Fig.8 Comparison of acoustic time-frequency maps

before and after optimization
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Fig.9 Spectrogram of air inlet measurement points
before and after optimization
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Tab.5 Comparison of noise test values

B romin) e OB
W s R
4 000 109.2 105.6 -3.6
4100 109.7 106.1 -3.6
4200 110.7 106.8 -3.9
4300 111.5 107.1 -4.4
4 400 111.9 107.8 -4.1
4 500 112.1 108.3 -3.8
4 600 112.4 108.5 -3.9
4 700 112.5 109.1 -3.4
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As a primary power component of rail vehicles,
the noise from traction motors is a major source of
overall rail vehicle noise and one of the key
indicators of motor performance. Effectively reducing
motor noise has become a critical challenge in the
development and design of traction motors.

This paper focused on the aerodynamic noise
traction motors,

characteristics of self-ventilated

including the physical measurement of noise,
identification and classification of aerodynamic noise.
Through no-load noise experiments, the noise
components of the prototype machine were analyzed,
and the main noise sources were identified. Based on
CFD theory, the steady flow field of the entire motor
was calculated to obtain system air resistance,
velocity distribution, and other parameters. These
parameters were used to predict and evaluate the
noise based on flow

motor * s aerodynamic

characteristics. Noise reduction was achieved by
optimizing the air inlet and outlet structures and the
power fan design to reduce noise at the source.
Additionally, an acoustic enclosure was employed to
control noise along the transmission path. The test
results, shown in Tab. 1, indicated that at high
rotational speeds of 4 000 rpm ~ 4 700 rpm,
aerodynamic noise was reduced by 3.6 dB ~4.4 dB
through the use of optimized ventilation design and
acoustic measures, significantly improving motor

performance.

Based on the analysis of aerodynamic noise
characteristics and acoustic tests of self-ventilated
traction motors, the study identified the rotating fan
and air inlet structure as the main noise sources,
achieving noise reduction through optimization. On
one hand, the adoption of low-resistance filters and
high-efficiency fans reduced noise at the source. On
the other hand, the installation of acoustic enclosure
at the outlet controlled noise transmission. By
combining flow field and sound field characteristics,
an analogous method was used to predict the motor’ s
aerodynamic noise at high rotational speeds. The
predicted values were within the acceptable
engineering range compared to the test values,
demonstrating that this prediction method offered
reference value for rapid noise assessment. The test
results further confirmed that noise reduction
measures were effective at high rotational speeds,
with significant noise reduction achieved.

Tab.1 Comparison of noise test values

Rotational Sound power level/dB( A)
speed/ Before After Noise reduction

(r+min”") optimization optimization effect
4 000 109.2 105.6 -3.6
4100 109.7 106.1 -3.6
4200 110.7 106.8 -39
4300 111.5 107.1 -4.4
4 400 111.9 107.8 4.1
4500 112.1 108.3 -3.8
4 600 112.4 108.5 -39
4700 112.5 109.1 -3.4
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