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Abstract: To accurately predict and optimize the aerodynamic noise of the self-ventilated perma-
nent magnet synchronous motors(SVPMSM) at high speed, a method combined with CFD approach
and Lighthill acoustic analogy was applied to simulate the aerodynamic noise of the motors. RNG k-¢
model and large eddy simulation were used to simulate the flow field in the motors. Then, Lighthill a-
coustic analogy method was used to solve the acoustic problems. which were verified by experiments.
A simplified model without air duct was established to study the effects of different fan structures on
aerodynamic noise. The effects of duct expansion chamber structures on aerodynamic noise was stud-
ied by the motor simulation model. The results show that the difference between the sound power lev-
els calculated by the motor simulation and the test at 4250 r/min is as 0.6 dB(A), which prove that
the aerodynamic noise simulation model may effectively predict the aerodynamic noise of the motors.
Through motor optimization, it is found that the changes of fan inner radius and blade curvature have
little effect on the flow field, so there is little difference in aerodynamic noise. More blades and equi-
distant arrangement have better acoustic characteristics than less blades and non-equidistant arrange-
ment. The expansion cavities added to the air ducts of the motors have a better noise reduction effec-
tiveness at the low frequencies. The sound power level of the motors with the expansion chamber
length of 94.4 mm is lower than that with the expansion cavity length of 134.4 mm. Setting two ex-
pansion cavities in the air ducts have a better noise reduction effectiveness than that only setting one
expansion cavity.

Key words: permanent magnet synchronous motor; aerodynamic noise; computational fluid dy-
namics (CFD); Lighthill acoustic analogy
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Fig.2 The simulation model of the motor’s flow regions
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Fig.3 The numerical model of aerodynamic noise
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Fig.4 Instantaneous contours of the flow field inside
the SVPMSM
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Fig.6 The simplified model of the motor’s acoustic field
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Fig.27 The transmission loss characteristics of different
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the cross sections of fan and ducts
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Fig.30 The effects of different ducts design cases on the

aerodynamic noise of the motor

D)3 ol i ML BE HIL A 3l M s 7 R R
4250 r/min § 3T 8957 M 5 5 IR 7 25

SR B AL g MR 32 B KUR B e AR T
IXGE P A7 A 35K ) 3 JE R i 22 75 B
ST G 2 5 10 (B4R L T D RS I
LZFEAE L 0.6 dBCA) , UE W] S 3l M 75 1 5 B0
LAY BE AT R0 IO A AL B RS

2) 9 Al R AL XGE (95 W ST HL AL KU
F18 i P A T A Iy XU 7 A 1) Bl e R O R AT
PeA BTt . 5 AL R AL 0 25 R X L, T A A Y
7 DR TS 1.5 dBCA) , B XUB e it
AR 4 8 7 s s T R L R A 0 s U
T I AL 3 AT AR A D JH A DY B A XU 1 R
WAL AR T S B P KPR B, AR 45
(OB 2SI R S SN NS S et e e
JRE Xl M P A R M 0N T I R R R HE A D7
OBl R P 1 B2 I R i e /A W P
Fo R AN SEELHE A I L BPE [ R 8.
H. BPE Ak (1% W 75 15 {03 Ok, DR T AN 45 B HE A 5 )
WP K T A R A . M Y B TR R 4 R
KA IAE 2.4 52 AU P A2 I R 2 IR R
WAL R 5 P AL 1,805 32 XUBsE I i d I A 52 i
B T3 o0 KRS M 45 B A7 AR AN 25 B HE A
HOmA M T RS A,

3) IWIXGE DAL SR A K 17 45 40 A 1 T
AR ARG DXL [ 2 T 300 2% W) o B8 D s i 5 2, ) HL AL
Bl MR B AR AR o I K R
94.4 mm HEARKGE b AT PIA K I 7 S8 AH HE
b7 A AR A P ARG I TR R LT T A
I AR PR 7 98 R B TR 0 RERE AR (E
B2 WAL T LR U R B REOR AN
% 2 35 s WAL SR o 82 I M 45 4 ) i AL ) < 3l e
P TS0 0 A MR 28 SR G G A AT 114 % 388 40 2K
W1 B o 25 V8 ] T A B R Xt AR U
W B AT AL

B H Tk

[1] SABIN S, AYDIN U, BELAHCEN A. Acoustic
Noise Computation of Electrical Motors Using the
Boundary Element Method[ ]J]. Energies, 2020, 13
(1) :245.

R—Fv. ESCRR. 42 5] B LS 3 M R 0
EREABTFE [T ], AL HLAS # BEJ » 2022., 49(1) 256~
61.

ZHU Yigiao, WANG Wenqing. Numerical Simula-

[2]

tion Research on Aerodynamic Noise Characteristics
of Traction Motor[]J]. Electric Machines &. Control
Application, 2022, 49(1):56-61.
[3] ECK, R—Fr, BB, Mk 5] i LA 3h W
o« D7 o



R EALAE TR 45 36 % %5 1) 202541 A

[4]

(6]

7]

(8]

[9]

[10]

[11]

(12]

[13]

PO R PR )], mALS BEHIN A, 2021,
48(7):61-67.
WANG Wenqing, ZHU Yigiao, HUI Xinwei, et al.
Research on Key Factors of Aerodynamic Noise
Simulation of Metro Traction Motor[ ] ]. Electric
Machines & Control Application, 2021, 48(1):61-
67.
ZEBESG JEINEE A IR A R 0 UL
W 7 R IR A AT LT ], PR3 S b, 2014, 33(19) .
181-186.
ZUO Shuguang, FAN Jialu, WEI Kaijun, et al.
Noise Test Analysis of the Centrifugal Blower in
Fuel Cell Vehicle [ J]. Journal of Vibration and
Shock, 2014, 33(19):181-186.
A g 2T IRURIL 8 e M P (A L 5 e R T 5
[DJATIN < #if iK%, 2013,
HE Yuan. Numerical Simulation of the Discrete
Noise and Noise Reduction of Centrifugal Fan[ D].
Hangzhou: Zhejiang University, 2013.
KRISHNA S R, KRISHNA A R, RAMJI K. Re-
duction of Motor Fan Noise Using CFD and CAA
Simulations[J]. Applied Acoustics, 2011, 72(12):
982-992.
MIZUNO S, NODA S, MATSUSHITA M, et al.
Development of a Totally Enclosed Fan-cooled Trac-
tion Motor[J]. IEEE Transactions on Industry Ap-
plications, 2013, 49(4):1508-1514.
PREZEL] J, NOVAKOVI T. Centrifugal Fan with
Inclined Blades for Vacuum Cleaner Motor[ J]. Ap-
plied Acoustics, 2018, 140:13-23.
LEE Y T. Impact of Fan Gap Flow on the Centrifu-
gal Impeller Aerodynamics[J]. Journal of Fluids
Engineering, 2010, 132(9):091103.
HARIHARAN C, GOVARDHAN M. Effect of
Inlet Clearance on the Aerodynamic Performance
of a Centrifugal Blower[ ]]. International Journal of
Turbo & Jet-Engines, 2016, 33:215-228.
LI J, MORGANS A S. The One-dimensional
Acoustic Field in a Duct with Arbitrary Mean Axi-
al Temperature Gradient and Mean Flow[]]. Jour-
nal of Sound & Vibration, 2017, 400.248-269.
LIU J, WANG T, CHEN M. Analysis of Sound
Absorption Characteristics of Acoustic Ducts with
Periodic Additional Multi-local Resonant Cavities
[1]. Symmetry, 2021, 13(12).:2233.
BASU S, RANI S L. Generalized Acoustic Helm-
holtz Equation and Its Boundary Conditions in a
Quasi 1-D Duct with Arbitrary Mean Properties
and Mean Flow[]J]. Journal of Sound &. Vibration,

28

2021, 512:116377.

[14] SUNY, QIU Y, LIU L,et al. Three-dimensional
Acoustic Analysis of a Rectangular Duct with Gra-
dient Cross-sections in High-speed Trains:a Theo-
retical Derivation[ J]. Applied Sciences, 2022, 12
(11):5307.

[15] CARO S. PLOUMHANS P, GALLEZ X. Imple-
mentation of Lighthill’s Acoustic Analogy in a Fi-
nite/Infinite Elements Framework [ C] // 10th
ATAA/CEAS Aeroacoustics Conference. Manches-
ter, UK, 2004:2004-2891.

[16] F R4 H.GB/T 25123.4—2015. 1 J1 42 5] L3

BUAE AN 3% 45 I E S5 i L 5 4 38 5
7R Y A R 3 ) K T ) 2D B ILCS T AL BT A
H AL, 2015,
Naional Railway Administration of the People’s
Republic of China. GB/T 25123.4—2015. Electric
Traction-rotating Electrical Machines for Rail and
Road Vehicles—Part 4: Permanent Magnet Syn-
chronous Electrical Machines Connected to an E-
lectronic Converter[ S]. Beijing: Standards Press of
China, 2015.

[17] MEHDIZADEH O Z, PARASCHIVOIU M. A
Three-dimensional Finite Element Approach for
Predicting the Transmission Loss in Mufflers and
Silencers with no Mean Flow[]]. Applied Acous-
tics, 2005, 66(8):902-918.

[18] MUNJAL M L. Acoustics of Ducts and Mufflers
[M]. 2nd ed. New York: John Wiley & Sons,
2014,

[19] AR VUDL, ZRdRbh. 28 FLAE T 75 4% A5 A R M 19 A R OT
ST ]R3 5 whik . 2009,28(9) :112-115.

XU Beibei, JI Zhenlin. Finite Element Analysis of
Acoustic Attenuation Performance of Perforated
Tube Silencers [ ] ]. Journal of Vibration and
Shock, 2009, 28(9):112-115.

(RE =H®)

EEE AT b4, 20,1993 4R 4 WL WFSE A . BF5E T 1l 2 AL AL
PR B . E-mail: sunyanhong @ zju. edu.cn, # /& GE {5 {E
)L H 1983 A R LRSS A RN, WS TS ) MR
PEsh 5 AN TR, E-mail:zhengxu@zju.edu.cn,

A5 RS

EUS RN O I N E R S A TP A R IN S e L e W AN
T E L TR, 2025, 36(1) : 18-28.

SUN Yanhong, PANG Cong, ZHANG Wei, et al. Aerodynamic
Noise Optimization of Self-ventilated Permanent Magnet Syn-
chronous Motors[ J]. China Mechanical Engineering, 2025, 36
(1) :18-28.



