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Influence of Traction Transmission System on Interior
Noise of Metro Trains
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Abstract: [Objective] To address the significant difference of interior noise between the motor car (M car) and
the trailer (T car) during the operation of an urban rail vehicle, this research examines the impact of the motor
car's traction drive system on interior noise through a combination of numerical simulation and real-world vehi-
cle testing. [ Method ]Initially, spectral responses and transmission characteristics of the vibration and noise with-
in and outside the car body of both the motor car and the trailer were analyzed based on test results. Subsequent-
ly, a full-frequency vehicle interior noise simulation model was developed by integrating the statistical energy
method (SEA) and the finite element method (FEA) for numerical simulation purposes. The simulation revealed
the distribution patterns of high-frequency airborne sound and low-frequency structural sound within the vehicle.
Through computational superposition of structural and airborne sound, comprehensive noise distribution charac-
teristics across the full frequency band were obtained and compared with corresponding measured data from the

rail line. [ Result] The results show that a prominent peak exists in the interior noise of the motor car within the fre-
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quency range of 150 to 400 Hz, which corresponds with the vibration peak of the floor structure within the vehi-
cle. [Conclusion ] The simulation outcomes of the low-frequency structural acoustic model of the vehicle exhibit
a high degree of consistency with the actual measured data. The high-frequency noise within the vehicle is pri-
marily attributed to wheel-rail rolling noise and the airborne acoustic propagation path of the traction system's
sound source. The peak noise levels in the motor car are a result of structural vibrations from the traction drive
system, which includes the motor and gearbox, being transmitted through the frame and secondary suspension
components to the vehicle body structure, leading to increased levels of low-frequency structural noise. These
findings may provide some reference for mitigating the impact of the traction drive system on the interior noise
of urban rail vehicles.
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Fig.1 Measurement points for interior noise and vibration
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Tab.1 Measurement points in the bogie area
Car Position Type Orientation
Bogie frame center
Vibration Lateral/vertical
T car Underframe of car body
Close to wheelset Noise /
Bogie frame center
Underframe of car body
Traction inverter Vibration Lateral/vertical
M car
Motor
Gearbox

Close to wheelset Noise /
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Fig.2 Vibration measurement points in the bogie area
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Fig.3 Comparison of interior noise at different speeds
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A, A5 ARG 1L S RGNS HUBR 4 4 PN R S R B Y 89

5 53
100
-~ J\_ A‘ - ~
g 90r s /\'I\. S
5] / Y
o b
5 80 4
2 s
2 7
2 70 B/
=
s 60 [
2 T — Auxiliary inverter
3 . — - Motor
Z 50 — - Gearbox
--- Air compressor
1 1 1

40 L
100 200 500 1000 2000
Frequency/Hz

5000

(a) Auxiliary equipment

f.‘g

5 80

I

g 70 F

E FTITs

g 60 L~ o]

£ i ST

‘*g 50 A 4

s} 7

2 40 F p .

E) —— Air outlet

= L — .. Airinlet

g 30 L — - Bottom of the unit

& 20k — - Surface upper the unit

2 Complete machine

g 10 1 1 1 1

n

100 200 500 1000 2000 5000

Frequency/Hz

(b) Air conditioner

B9 BEEHE

Fig. 9 Noise source value

MR IR AR BE T AR R R 5 A 5| RS
e DX B R, M ARG 2 1) 45 A R B A R 7
e AR B PR, X ik 2B s R IR AT R R
PAXGE T4 A s U B AR, T 425 M AR5
MR R K A 5 W R S AR B P Y 22 S e
PR B

70

—— Measurement 68.3 dB
— -Simulation 65.2 dB

Sound pressure level/dB

100 200 500 1000 2000
Frequency/Hz
(a) Door of M car

5000

X AR AN AR I B A R A TR, 28R
SESE AR ] L 10 SR A A Gt ke i 7
R . ZE R G5 AE = I 7S R AR AN
Hh R WA RIONE , A A AR 2 e B 7
TRER S ARG RN T 1 000 Hz DAL 1 v A5 1
7 B AR AT

65
60 |
55+
501
45t
40 t
35t
30 P
25 |

—— Floor
—— Door

Transmisson loss/dB

20 L L L L
100 200 500 1000 2000
Frequency/Hz

5000

E10 FEDSREEHE
Fig. 10 Sound insulation of the car body

23 FRESEMESH

B 11518 12 20 5% T 60 km/h 55 80 km/h T
BUF M5 T 4 12 TR Gk oo B A e 75 5 1
IS5 RN E W AR R 2 S 1 B A
150~400 Hz 45BN , S0 285 078 = T A5 AR .

RN T [ T 2 SR AR A, DR I A
Br M s 22 5 R EOR IR T N 45 M 4k 3 7™ AR I 25 4
o XWEPITCIREM AT 4, 1F 250 Hz Sl %[}
EERAEAE — B R 75 o (B T AR 7 &
PR ITEATE S, PRI AE SE Bl i A7 3R
IR S H R RS R O

70

—— Measurement 64.3 dB
— - Simulation 62.6 dB

Sound pressure level/dB

30 -
100 200 500
Frequency/Hz
(b) Door of T car

1 1
1000 2000 5000

11 60 km/h SE{FE X EE
Fig. 11 Comparison of the measurement and the simulation at 60 km/h



920 LS IPNE

40 - — Measurement 72.1 dB
— - Simulation 69.5 dB

Sound pressure level/dB

30 L L L L
100 200 500 1000 2000 5000
Frequency/Hz
(a) Door of M car

20244

70
o
2
©
ks
g
7
5
.
)
=1
2 40— Measurement 67.2 dB
n — - Simulation 65.4 dB

30 1 1 1 1

100 200 500 1000 2000 5000
Frequency/Hz
(b) Door of T car

12 80 km/h SEM{FEXTEE

Fig. 12

XA Z T M 5 T MR i1 M 4
PR WA 2B & T T 45 R, 7E/h T 1
000 Hz i il P4 55 A B i LA AR s 7 TR AR b 5
IBATHEE R IEA G, B AT LU E THTE A R
WO 5 3N T AR L IR A S AR )
AR ER AL R R L BRSPS AN, D3 Ah =
AR IR R FAE G| REE L UEMERm ., BT
DA SR FH T 46, BT LA M 2 5 T 4 A5 45 4 — 3
ATLHEBR M E R s 22 5. TS 5 R
Gi Ak 1 2 4 PN 1 23 S X 4 N VA R TR g LR B
pNiLEALT

P& 13 2% 80 km/h T4 F M 421 T 45 % P 51
505 Bas R M 4245 R 25 (0 3 E A AE 150~
400 Hz, %= TAb M 2549 75 542 5| R IR &8 2
AWBMEIKR, BT TERAES RS, UZE R
BRI IR Sh A% i |, T Mk 2332 2142 5| RS el
VA U 5 AR sl 3, I T 42 22 N 7E 250 Hz

20

—— Door of M car
— = Door of T car

Difference of Sound pressure level/dB

100 200 500 1000 2000

Frequency/Hz

5000

13 AEFREFESENREIRGEREEI®L
Fig. 13 Comparison of difference between simulated air-
borne noise and measurement noise for the two cars

Comparison of the measurement and the simulation at 80 km/h

B A S0 -5 07 R ZE (LA MR8
3 FRRBSHAERZINS

i FH A R TG 1k 8 7 2 0 U A0 25 ) Mg 75 77 AR
R, PR h 2 5 L 3 R GeAG i 2= E N 4R 3h
7 A A5 R P G 2 AR P (1Y) S
3.1 BRTE
A7 BRI A MR AR A () ) B A 2 R A 3
VT ARLER 7 RE A, 38 2k B 7 VR SR A o ik S g R AR
YT RO A , 300 A R IO 1 i 0 4 P ST e ) A0 B
fiff o 27 EE TSR A3 B A AR AR R AR T Bk
BRI RS AR
ARG R4 (57 A% e 17 23 =X
H(o)u(w) =f(w) (2)
L £ () R8RSR N B BE LI ; H ()
Sy AT 1N, PR (SRS (WIS R ) 5w () AL RS
N, o FHIAE
i W, R A T A AR
H(w) = K + ioD — o®M (3)
AP KON NI EERE RS 5 D Ry BHLJE 6 [ 5 MRy Jo 0
AN R W] 17 2 78 Sy ks ) JRE i 37 2 X
v.(w) =ioH " (o) f(w)n (4)
v, () R EEAEE 1] 3 R 0 5 n A 25 AR A AR
THE G N B B 5 A 7 A1 23 i by 2 2
piw) =b'(w)v,(w) =
iob"(w) H'(w) f(w)n (5)
K" () HFE R BGERE ;i H 2R E Y RUT4
Sl L R A e i 28 2K

p= Zn:ip/’i(w): iib/‘ivnﬁ (6)
j=1li=1 j=1li=1



454

A, A5 ARG 1L S RGNS HUBR 4 4 PN R S R B Y 91

K A EEF R s m R SR T B
P @) R G L5 A9 AR 7 H A ) i
Vi R A EE R A L5 i A9 A S5 R 7 1) 2 E i)
N5 b, R 5 j AR 5 i RS e R AR
32 BRITEBET

DAM ZE R ], B4 = e A R 4R T A K
M DA S b BRI N 45, S T B T RAOR
XA TS 2 fAT AL, P B8 S TR B 25 4 [ AT 4540, 8
M AF 187 Ak 52 55T, B B 035 48 A5 £ i A JE 2
BIS) AR AE AR b v Al R 4 2 h 22 )2 Al
2R, AR R PR G O, 10 A0 A AR AR
A5 H BH 2 15 B AR I8 A5 M B R S PR BR 2
5B 43 0 A% E B9 — B Mooney-Rivlin A< #4 #5571 | [F]
A U B R RS AR JE b o ST A PR T AL AL, 4 (4]
14 iR o
3.3 RENMEFS NG AL 43 H7

5 S B 0 R HBCA 5 0 R B0 R A
s AT VTR T 1R 4 PN IR 2 e 7 g
P 80 kev/h iz A7 T30k 5], Jit fin 8l A5 380 1153 25 R
55520 b A B Sl R X e, A 1S s . T
A R IC T BT A 20 A4 AR IR 3 10 5 S B
(25 P B A AT I i S BB B A W & UE W T4

(a) M car

(b) T car

(c) Acoustic cavity model

E14 ARTEBTEE

Fig. 14 Schematic diagram of the finite element model

—— Simulation of M car
— - Measurement of M car
— - - Simulation of T car
— - Measurement of T car

Vibration acceleration/(m/s?)

1073

0 100 200 300 400 500 600
Frequency/Hz

E15  hARHRSN0E R X L

Fig. 15 Comparison of floor vibration response
Hey P 7 ELAR TR Y P A

H TR BE A 42 R P 220k B T4, 7
TR S5 M 75 5 Z5 A 4R Bl LA K M B 03 A I 220 25 <
PRI L 43 91%F 60 km/h 15 80 km/h T3 HE4T I 75
PEL R RN 16 Fi7n o B 9 G d T B 1Y
vy, WP LR A BN AR BTSN, M2 4E 200 Hz
BF A7 AR AL, T 42 AN A

T ARAT A AR P AR A B A A K 1
SEEAT B B S AR R A R e A 13 R ), S
P SCA B B0 23 SR S5 2R AT B, O 5 S 45 21
XEEE AN 17 7R o B2 B0 HLAS A 42
BN 55 S5 R BT . &N Z i 7R 150~
400 Hz S BE A, 23 0 A L ) EL 45 2R 5 S 245
R 22K, 185 850 75 8 i B AR 15 92 ) AR 4 —
O, AESE T R SCAE 150~400 Hz 4 B P 32 2k 4544
PRGN o ik — 2Dk IR R IR A B A M4
R ) SRR AR | R G BIAEAE (A 25 PN I R R R
BT T4,

4 Hig

Dl g M EAER T T E /e m 48
I7 25 N X I MR 75 7E 150~400 Hz $ Bt P 777 i 5
B, ) 2 DX 355 b A A1 50 Jom 38 0 T 265 1

2) TGRS SR, R
Ll Sz 45 51 4 BAE M5 500 Hz B8 B N 23 S 5
FEN S R L E SRS T M A
H5THEPGAEZGRERER, #5 KGR E LN
23 S 7R AR AR AR A B N PR R A T R 6
PRI P SR

3) T BR TT ik S 7 2 NI 45 48 75 £ B
R BF9E 45 B2 B 7E 200 Hz B R 76 3 4N



92 LN NS IPNE S 2024 4F
70 — M car
— —=Tcar
60 -
@ I ) @
= i <
g MefE ptoa 5
) 5 o kg f ‘ll'\ Ty 'I‘\ ! ‘ g
240|||I | I T I, | 0 2
L 1Y ] ‘l i | lﬁil o
Z30F il /R anLATd =
= v LUARTNI L =
3 i { ‘ 3
=} [ I o
A 20+ I %]
I
‘10 1 1 ! 1 10 1 1 1
125 250 500 125 250 500
Frequency/Hz Frequency/Hz
(a) 60 km/h (b) 80 km/h
El16 ZHE{AEIL
Fig. 16 Comparison of structure-borne sound simulation
70 —— Simulation of M car 70 —— Simulation of M car
— - Measurement of M car — - Measurement of M car
— - - Simulation of T car — - - Simulation of T car
60 — - Measurement of T car 60 — - Measurement of T car
\

50
f

40

50

40

Sound pressure level/dB

Sound pressure level/dB

30 1 1 1 1 30 I | | |
100 200 500 1000 2000 5000 100 200 500 1000 2000 5000
Frequency/Hz Frequency/Hz
(a) 60 km/h (b) 80 km/h
E17 FRBREILE
Fig. 17 Comparison of total noise in the car

WP AR, HLM 75 RGO T T4, JFHBEE
IALAR A 3 I ARG, SR W1 22 51 R G AR Sl 16 77 A=
(18 45 g 7 X 4 P MR s A AR B P AT R Y ot
Mk o 3T EAR S A 4R S R R A 2 I, R
SERY S 5 2 SE B U B R S NS 5 S
LERPEATR L, P ORI, 7 200 Hz [ 3T 9 53

TR IR T A 5 ARG IR S L B = N
AR
S 3k

(1]

(2]

THOMPSON D. Railway noise and vibration: mecha-
nisms, modelling and means of control[M]. Amsterdam :
Elsevier, 2008.

HARDY A E J. Railway passengers and noise[J]. Pro-
ceedings of the Institution of Mechanical Engineers Part
F: Journal of Rail and Rapid Transit, 1999, 213(3): 173-

(3]

(4]

(6]

180.

ZHANG J, XIAO X B, SHENG X Z, et al. Characteris-
tics of interior noise of a Chinese high-speed train under
a variety of conditions[J]. Journal of Zhejiang University-
Science A, 2017, 18(8): 617-630.

LI H, THOMPSON D, SQUICCIARINI G, et al. A
framework to predict the airborne noise inside railway
vehicles with application to rolling noise[J]. Applied
Acoustics, 2021, 179: 108064.

LI H, THOMPSON D, SQUICCIARINI G, et al. Investi-
gation of acoustic transmission beneath a railway vehicle
by using statistical energy analysis and an equivalent
source model[J]. Mechanical Systems and Signal Pro-
cessing, 2021, 150: 107296.

LI H, SQUICCIARINI G, THOMPSON D, et al. A mod-
elling approach for noise transmission through extruded
panels in railway vehicles[J]. Journal of Sound and Vibra-
tion, 2021, 502: 116095.



454

A, A5 ARG 1L S RGNS HUBR 4 4 PN R S R B Y 93

[7]

(10]

[13]

[14]

[15]

[16]

[17]

SOETA Y, SHIMOKURA R. Survey of interior noise
characteristics in various types of trains[J]. Applied
Acoustics, 2013, 74(10): 1160-1166.

LIU X W, THOMPSON D, SQUICCIARINI G, et al.
Measurements and modelling of dynamic stiffness of a
railway vehicle primary suspension element and its use
in a structure-borne noise transmission model[J]. Applied
Acoustics, 2021, 182: 108232.

LA, JRIE, WRHE R A5 | BRI P MBS 4 2 PN I 7 1
TAHTIN. P=8h 5 npir, 2021, 40(15): 271-276.

FENG Q S, ZHOU H, CHEN Y M, et al. Prediction and
analysis of noise inside metro train in tunnel[J]. Journal
of Vibration and Shock, 2021, 40(15): 271-276.

TR, N SCHR, JA S . H kB 42 242 AR &5 4 Mg 7
B[], AL B TR, 2018, 27(3): 6-10.

LIU G Y, SUN W J, ZHOU J S. Simulation of low fre-
quency structure noise in metro train[J]. Computer Aided
Engineering, 2018, 27(3): 6-10.

STROM R. Operational transfer path analysis of compo-
nents of a high-speed train bogie[D]. Goteborg: Chalm-
ers University of Technology, 2014.

SAPENA J, TABBAL A, JOVE J, et al. Interior noise pre-
diction in high-speed rolling stock driver's cab: focus on
structure-borne paths (mechanical and aero sources)[M].
Tokyo: Springer, 2012.

AR, PhSCHE, DAL . bk A P 23 SR AR R AR 4y
BT B AR A B P MERE DR []. MRS 5 PR i, 2023, 43
(3): 153-160.

JIANG J J, SUN W J, ZHOU 1J S. Analysis of airborne
noise transfer path in metro and optimization of sound in-
sulation performance of panel structures[J]. Noise and Vi-
bration Control, 2023, 43(3): 153-160.

ZHANG Y, LI L, LI H. Interior noise prediction of metro
train in a tunnel caused by wheel/rail rolling[J]. Acous-
tics Australia, 2024, 52(2): 161-173.

SKEM, HORTAR, IR, AR G S R A S A
WRFTRFEL]. M SRS, 2014, 34(4): 1-4.
ZHANG Y M, XIAO X B, WEN Z F, et al. Structure-
borne sound transfer path of a low-floor vehicle and its
interior noise property[J]. Noise and Vibration Control,
2014, 34(4): 1-4.

VREERE, bl . sk 4 R A AR A (0], TR A S 4R
Eh¥iil, 2017, 37(5): 75-79.

XU X T, JIN X S. Analysis of the excessive interior noise
in a metro coach[J]. Noise and Vibration Control, 2017,
37(5): 75-79.

FORSSEN J, TOBER S, CORAKCI A C, et al. Model-
ling the interior sound field of a railway vehicle using sta-
tistical energy analysis[J]. Applied Acoustics, 2012, 73

(4): 307-311.

[18] SADRI M, BRUNSKOG J, YOUNESIAN D, et al. Ap-
plication of a Bayesian algorithm for the statistical en-
ergy model updating of a railway coach[J]. Applied
Acoustics, 2016(112): 84-107.

[19] HhEdE, TN, K55, 55 TIRG FE-SEATLHIA

GROE R M PRV IIE S 0], AR 2R 2818 K224, 2023, 40
(4): 1-8.
LEI XY, WENG L X, YU L L, et al. Structural noise of
box girder for elevated track: an analysis based on the hy-
brid FE-SEA model and experiment[J]. Journal of East
China Jiaotong University, 2023, 40(4): 1-8.

[20] PAK, R . p{ SN RORES 3 R DN e (0], MR
S¥gsh¥iil, 2017, 37(1): 183-187.

CHEN F, DONG E L. Modal density measurement test
based on point admittance method[J]. Noise and Vibra-
tion Control, 2017, 37(1): 183-187.

[21] JANG H, HOPKINS C. Prediction of sound transmission
in long spaces using ray tracing and experimental statisti-
cal energy analysis[J]. Applied Acoustics, 2018,130: 15-
33.

[22] ARELAE . w8 42 2 AR M 75 43 AT 5 T 40F 52 [ D).
DrR AR, 2016.

ZHEN J H. Research on the analysis and prediction of
the interior noise of high-speed train in low frequency do-
main[D]. Ji'nan: Shandong University, 2016.

F—1EE IREE1999—), 5 WL A 7 A, W LT 108 7
it A SR Eh1E ] . E-mail: zhangjianie915@163.com.

BEEE FVCEF1989—), 2, B, 4 5 7 I oA &
i S5 PR B0 . E-mail: sunwenjing@tongji.edu.cn.

(Lo e 2 5)



