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Study on the Rolling Noise Model Using an Analysis of Wheel and
Rail Vibration Characteristics
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Abstract Rolling noise is an important source of noise from railways; it is caused by wheel and rail vibrations induced
by acoustic roughness at the wheel/rail contact. To reduce rolling noise, it is necessary to have a reliable prediction model
that can be used to investigate the effects of various parameters related to the rolling noise. This paper deals with modeling
rolling noise from wheel and rail vibrations. In this study, the track is modeled as a discretely supported beam by regarding
concrete slab tracks, and the wheel vibration is simulated by using the finite element method. The vertical and lateral wheel/
rail contact forces are modeled using the linearized Hertzian contact theory, and then the vibration responses of the wheel
and rail are calculated to predict the radiated noise. To validate the proposed model, a field measurement was carried out
for a test vehicle. It was found that the predicted result agrees well with the measured one, showing similar behavior in the
frequency range between 200 and 4000 Hz where the rolling noise is prominent.

Keywords : Rolling noise, Wheel-rail contact, Mobility, Acoustic roughness
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Table 1 Input properties of wheels for calculating the rolling
noise level

Number of axles of a train 24
Wheel load 68600N (14t)
Wheel tread width 0.135m
Wheel flange width 0.0325m
Wheel tread thickness 0.0575m
Wheel flange height 0.0325m
Average web thickness 0.032m
Wheel radius 0.430m
Mass per unit length of the tread 68.8kg/m
Wheel hub mass + 1/3 of the axle mass 281kg
Total wheel mass + 1/3 of the axle mass 567kg
Loss factor of wheel 10
Density of wheel material 7800kg/m’
Young's modulus of wheel 210GPa
Shear modulus of wheel 79.3GPa
Poisson's ratio of wheel 0.31

Q4 NS FIElon, Ata B sdehe Wel 1
g A ] BARAE ALSHATh 18 fgh A&
23 A& Ao fF(wheelset)d] A &% =5 7}
RSt XE S 549 AdE 01%6}9‘;3}.

Fig. 8¢l HEMU 2+&¢] 2l Ele] tjst 477} FE
A ke vlaste] YERSIth 54 Aol B&K Type
8206 Y HE &l 9} B&K Type 4508B 7} EAS o] &-38f
ATk ARREES AR Fake S AlQlska S gk v
nA F dAsta 2}%% 4 Stk

SHE, abES T8 Al S-S stEE AHEC] dRelA
A dEe OW 7HE A0 A5 wEks wet
ol stAl Hrt. A& 3l og 7HA olFo] A

0

¢

Fo v = &3l A Thompson[7] ©] &2 Q1 4]
S S vp Qi) o] W2 AR 7R A W
Fe et olF O}Di AgollA TAlsHE o) AT ik
=9 A W 352 A2 vE I SEF 2 #o v

—— Measured
0.01 s ‘ --- Calculated (FEM)
= !
o 1E-3f
£ ‘
Z 1E4f |
8 ' /
E 1ES / f
e [ / T
< 1esf t /
1E-7

1000 2000 3000 4000
Frequency (Hz)

Fig. 8 Comparison of measured and calculated axial mobility of a
HEMU wheel

SR
oF
o
&
off

%ﬂﬁﬁ
"B y
mwiﬁim
o 4y 4N (M & o

¥0
o
&
v
9
e
rEi
_lZi
r&
oﬁ
Ho
=

o

=)
ﬂxﬂ
32
FN
oy
[>
i)
[

215 E.HOI aj X|' _ot I:CIJ-A|.
DiH oz FAS) A5 Getol WARE 52 o) W
= ohgst gol wAld

W= apocos(?) 17)

714 o= WAE S (radiation efficiency), p= 37 1HE, ¢o
37 F S9EE, (OHE Az Y B9
H,

L= IOIog{N(p 20 g, ) o, (2rh>5f;g} (18)
p

0

L= ARE 1ol dial] Fate ©el Aol e
Z&l= 23 949 92(dB re 10-12W)0] 1], N& E3}
A%, po= 71F 294 20x10°Pa), 07 o WU
2aE 9 4= “o”%kiﬂ WAL EE, 18t s YR ofHi
%] t & head widths), 7= B1L 2] Fo]9]
Sav A=Y Eﬂ‘ﬂ./] _/,:Jé 05(—) ,z:]il_ _/,\_1:3] ArﬂlEe% Uh:f‘sl—
FEA A (1)9 S5, 5 o183kl A (159 24 (16)°] A4
®aow it dde tEE 6,7 oue HYE
T2 B 7 WEFe E X5k A™-Y (oscillating cylinder)
2 Aol ol AT,
ARl A 3 99 A0 WA B A
wael AEE LT wes

IOIOg{N(p; Oj oA, ", A S”Vg} (19)

VT wr-wr wa “wa-wa
o o714 6,3t s AR WA BE D RS Y
AR S, A, A A7 AT W W A U
el &% WAISHE EAolth, su¢ v} suF & 212}

~
Q

A% gl vhstel A8 B BT &

SERLE
=g AEFA, o AelA A FE MO

bz 8] HALE S 6, e —rvL}—r«] A
Lﬁ\_(boundary element) 3ol AHE B3l 73

L, 2 =EellAs 7S wE1]9 %ké o]-&33ith

216 &5 dut A XM 53}
g Bl AE0) SdolA BT g2 RN F5

30 o U H1 o 2 otk O
[
o 2
)
‘ﬁlm

o 2 o

X



180 ot=EE=3==% HM163 HM3=(2013H 6E)

7HA] 4?1 2k (geometrical divergence), Th7] S-5-(atmo-
spheric absorption), X ™ &} (ground effect), Foll &l 2]
Sk REAF 9 S]H S AXA b o)y A AE 3t
& BaE 2] glske] 2 =ellMi= 10 9613-2 f
1118 &9 &5 A 74 ARHE o] &3kt ok,
Aodd F54 Alel 8] AFo] FRkshA| oAU MR tE
B9 JIEAe] goow A" AWME Ayl HEiA
Fresnel 99& o] 85t Aw a3 ALE[12]S )83kt
AT 2 39 257 22 ol 25 Ud 28 %
A5 59 AF 54 gt dd 2 A A
of tist 71=2] A2 AF(1]A &2 vEA5 3
oo B54 54, g A5 W 252 A=A 5
Il

Bele] S £gE WA AL, AL SR

[

o A A A A B4 FARe] ware
R Rl e 2 289 AR A% 540
. i

& 19E ol gakelnt.

o 30 b o

gk &3 25 4% EN 15610[8]°l 114 3}=]
ATt = =l A+= Fig. 9(a)°ll 2?1 Rail-MeasurementA}
AT(Corrugation Analysis Trolley)E ©]&35} Z7d%](4
A T2 305.6 KP A1) Y 2% 225 543}
M= 9 o] AXE VEEARE dYd W o
2 A7 SR AT E 7 W AEst
s 7 ooleH, HEHCE 1/3-5EE

Jl‘N' r],ﬂ:

o)
3%
|o

1)
i
1o
BN
[t
rE

(b) wheel

Fig. 9 Instruments for measuring acoustic roughness

NE o738 25 AHEHS EHsit) #de] o] B3k
S Z Imm 279 HolHE S on FHUEE 0.1um
o]t =3 EN 156109 whebA] 25 242 AlA] 2749
2jol & wAste] AL THS. A, Aol et 238
T= =437] 98k Fig. 9(b)oll LeRd mhel 2+
v & A|Zsto] o] &3ttt 54 Aol A5 vt
AL o] gt FES B F UEE AA?
|o] 248 WY AMLVDDE ol&3t] A
AFEF o] gsto] AHF2] AT W 2
= WS A7 AES S-S Fsto]
28-S A9l o] E o] &3t
2 AZ O 9 (- dls)
< A3t HFEATh o
m A E 3391, &

it
| flo
i 1y
% o, 0%

=
rfl o2 ol BN

o

o

é U

2

et
)

N
O
o)

)
l‘Ulﬂl
jf_l,
12
O
o)
)

=
o,
O
2
A

N

o
)

o> 2

)

u

o, J
ook
N 0% o
oZ IN &

3

|o
o 1 1o i

o m
o

2
3
oX £
]
o
o, dlo

o &

32 (o > v b orz
g
bl
s
=
=
=]
o

I

Fig. 107} 11o] 4% &< 8l AHae] 5F 228
o1, 247} 180 3095[9] 2 TSI[10]A1F F:71 o]

S 2% 72X ¢} vwskgich dde) A
o] etz o A 20~40mm 9% ] Smm 774
= Jepfeh. zF o1 s tha 2}ol7) 9l

o 1 Q2 L
£ so
i

r
i)

T

50 [
e ——20mm
40—;\‘.\\\ ----25mm
- \':v.-;\_\ ————— 30mm
S L NS e 35mm
= %0 Y ---=---40mm
) 2 I ; 1ISO3095
o O e TSI
S I
@ 10f
0} I
£
o O0r
]
3 I
® o}
-20 L

T o oo
Wavelength (m)
Fig. 10 Measured rail acoustic roughness (Kyungbu line 305.6

KP, 2012.12)
30
position 1
N R position 2
00 e position 3
r - 1803095
10

Roughness (dB re 1 um)

0.01 1E-3

Bole v hn. .
1 0.1

Wavelength (m)
Fig. 11 Measured wheel acoustic roughness (HEMU wheel)




3lo] wb tfodo A= 1SO 3095 = TSI 7|53} FAS
As 7HA AL, 0.2m o)/de] 3 tiYellA= 7]EwkEy o
& s A S ¢ Yok Fig. 112 HEMU
Z o 2A AEHEY ‘jﬁ Fdof|A ek 10mm 7+
el gigte] eIt slld x-ge] AzE o
1000km ©]3}e] A2 F=34 A E g dYE A2 @&
gAs 7 Yes & 5 %D}. 3t HEMU 238 5
2 BabAlolw x}F tiAT EE 2% T AIE o] 831 A
T U o5t ARES] ¥ e & Aolrt A

SHA Sk, o] -9 Antel A= el da AFae] 7 2 e

¢
F

et 5% 229 gk JHeR sigith
23 Hx & 25 HF H =3

el A A A o BEE o880l HEMU
A T Ale] AE gl W o5 FAsI A5
2 24 o A2 AN 284 305.6KP A 0 2A wlo]
AzE A= AR 8.7m Hojxl ol A A Y

< Fig. 129} Table 2¢] YeERASITE Alikel ok ¥ <]
Y 25 21329 Table 1 2 200 A A vhe} 231, =}
2] B X 163km/he) ATk TS AW AAHAE
2H317] Y3 8 -5 A F(effective flow resistivity) 3k
& ZF AL dEAQA FH12]0.2A4, AR 919 FAYE
HE 2x107, APA L] A2 HE 5x]04, 0]F-9] nlo]ARFE 9
2|72 2] EoF W2 8x10'Pars/m?S] #h& o] E3Ath s
=4L& 1/2-91% wlo]IZE PCB Model 378B02S}
Miiller BBMS] PAK MKII F3}5 2431 & o] 231¢] T},
2 =7 AN E AF AS BES o] &8to] AstE &
¢ 39 E Fig. 130 YERASITE ©F 200Hz W]RES] A5
dhe o197} 3kHz o448 1T S A2l gh Fakg
e Hd 23 o] 2350, 53] Hd 3
W s 2599 4747} = & T Utk oF 500~1000Hz

1o

A B
d, Receiver
“ Lo
. h,
Source @ A p hl
v o v I

Fig. 12 Geometry of source and receiver

Table 2 Input data for the geometry of the source and receiver
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