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Fig.1 Diagram of wheel polygonal order
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Fig. 2 Test results of a wheel in a high-speed train

carriage
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Fig. 4 Direct detection method of polygonal wheel

Tk 22 0T BRI 7 v 1 T 4 1 RORG
1 o (PR B AR AT A SOE GG B R AT 80R R
I s LTG0 1% 0 2 40 B 3 1 DG S e W ) 5K

R A 2 By vk a2k I,
Zakharov %5 5 2 3 75 46 5 B ) A9 B 3 o s
JIE SR A 2 % 22 S0 TR B AT IR ) AT
e A LR B ke S B AE 4R R 2 T B B, O
H5E T Z il T8 25 50 b 1 2 B0 B R 8 A R U1
Z G WEAE s b. T8 o 6 M ok W £ TOE B 4
WSCHR 33198 H Bk 3R G 3 I e 2 oy ol s
R JIE SE RS R R R
P R M R A R P R T R M 4 Dy il R
Wi R VR Sl A P R R R S
N KBBR8 T A P

G ZE M R A R 2 ROkt cal R
s AR B 54T M OB L R R A AR B AR
¥ 3o 11 I B 30T 57 Ao AR SR 4 8 1 B 37 R 3R B
P P TR A R L R R R A L R R A
FIZHETE BR8] 5 b, SR FAS [6) 1) 14 J i A 45 45 LA 52 3
Mg SEU) 61 a3 e A B A I TR A R AL R
AR 0 4% B T LA A ] 45 256 11 e R e s DG B
TR RO R . E % A T BK A H
() PULSE “F- &ML R 40, 78 4 4 = 51 25 v i B
SRR R T T M, R R 2B
S 53 B 05 7 MG 7 AR ) RS e R B v Bk S R Ok

2.2 RESERSIBERZEHXR

H TR Z NI BRI 8008 & EZ B
Mg g kS AR PR SO TR AR S 5k R
J6 R R B 5| R W i HLER . R G 2 B
JEP S M O R IFATERIR
2.2.1 FHFKFHERGRT

P AIME 42 04 20 77 2B R MR O TR A R BB
5. Bender 85 T %5 hy o 1) T B G2 4 N T
BLRY it FI A AT I SR e L R i BT HE Z IR T

VA BB il 2E 47 56 URLRE 2 A6 0 A9 B 4 BT LA A B
AT S O ML B B FR0 . 7E i EE Al B, Remington
SEUU R TR PUR S AE R LI L B TR
VR 2y W SO0 R A L 0 4 5 RIS 1 L B IS
R A R LRI Ok G e el L SR 4
BRI IE (0 Dy 33 AR R B 2 JE R T Rk kAT &
JNRIA] ZRAG B . FEEE AL 5 T » Remington 55
O 50T NI 1 T 48 T8 B R 2 Y B R L
b, TENTFE M N SAE 5 e AR R TR T B B
BRI S EITA R, T 5t
AR A R MR S T T AR EUE A
R A AT B, DU 2y —F B s, e 24
A EE I E 4 A i E 2 315 Hz LUH M I
W o T BILIE 7™ A P D) 2 B0 315 Hz DAL Y g 431
Ho [HUZER PR T A5 R S S X AR K, AT R
S N TR 58 4 Rt 48 77 AR R R 3l

SCHRL38-39 1) 4= 48 4ik gy 7 A 1 W 5 64T 1 BF
G R AT BT AT R SR ] S [ P A B R R
ZA,JF HAE Hertz £ fill W) B2 0 7 56 % 4 2 A0
TETHE AR B i 51 AT Tl [ 5 A %o M 5 A% 486 11
SO . U5 BB RS BE R AR L S MR 4
R SEPRM EAE Hh ERR  E REAS A T
ARTSAR T, AH ) Bl e i Y B A S kS i . H
RN TR S R AR 32 B0 e T Y A B 3R T ) R
VS VE ARG B SR 5 20 UE U ¥ B 51 A e B
B b AR, 23 ) B 2 e Tl e iR Bl AR 1) I 3l D)
U 1) R Sl A IR S HE R, SR IR R
NIV oI S

SCHRL40-43 1% FIRBERLHEAT THEIE . BR T % &
BB AEGE AR 3l DL Ak 38 2 IR T BB Ik Bl A K
WeE . it T 3 RPUEBIAL . a XUZ i 2L B ]
DRRLRY A Ry TR SR b 20 )2 P B IR R 9 AT 2 A
Al R4 1 R0 A b, 28 7 HUE B A2 .
3RBIAIR A 1 RN RS AT 5 2 KRBT H %
Bro TS S A5 5 3 RE IR TR M PR, 3 3k
PUB BRI RE UTE TR AT AR T Z Hi R A
PR B B L TR B 00 £ v A8 5 S B i
VWS E ST

HI TR B M A SR I BN B AR AR R AL S Lk
ADBIE R S WO R B BE ST B C163 2% 51 25 2H2UMH
KB TE R T — 3T oFe 000 46 0 M 1) 41 Cerack-
software, fi FF
TWINS) M PR 0038 0 4 4 1) A T80 A Ay 9%
Jily » REAUL S AR BRI RS, TS AR R R L AN B
AIBHRL M, I I 2 i 1 R 5 1 Ay 000 R IR A

wheel interaction  noise



%6

BER.H: NEERLZIL

TV B8 183 S FL W5 F 9 27 3 1147

MRS RSB OMANELSE, 5L EE
i) Miller-BBM 2y &) 3k F Remington BRI I} % T
RIM A58, F T B0 48 UM o o 3 79 3k 40P A A
PR E R R IR S A R AR DL R BE A
SV BEAE SR 0N » 5 R 4 e RIS Y 53 ) e RO T
AR .

R T AH DG M B AR R BE A LN Ah 2 R T
BRI R T M i st A i 25T
W 7 AR e & R AR R 3l A H H 26
2 UG [ 3 R 2 B I BAR Bl 2E . Jones SF &
BT AR M TR, 500~ 2 000Hz [ B 7 X [A] o,
P B IR AR 3 kHz~5 kHz M X [H]
L B S B B . Thompson 450 42t 7R
[Fi) 147 90 2560 D AT 2 5 R 20 ) MR 5 1) T R AR T
£ 500Hz AT S8R 2l 7 AR i R 5 32 20k BB
1E 1 kHz LA F 38807 A= 1 e 5 22k B AN i B
eSS R S R i

I IF) 2 I, R AT A 5 A2 AR IR
AR FAD 0 B M . R I AR L )
MRS JRER TR UM I AR SR R R
Mg e LA R A M P G v i S B A 0 AR MR R R
RHPTE 0~4 kHz Ju [, 1 kHz UK By AR 5
AR5 Ry 7, R Bl M A ) A DDA G, R
FE| B IF AR 25 R385 851 4 R T 1 W 7 S b
BT IR PR R M S 8 AR YOG R
T E NS R S P R 2.6 IRJT
BGIE B S TS e & 5 8 Y 7 W O7 BUE s T
315 km/h LUF HE BUME o5 £ 55315 km/h LI,
AW S T SR R B TR B
KL LB, EE A AE 2 kHz DLE A
Bro S RGN T BAE S A R AL B
g 42 3 g LA K S B Be . A IR 32 BEAL 45 B
S W, BR A 42 T Ak b 3L DL R R AU DL A K
I Aol Mgt — Rz 1] by i B
2.2.2 HHHZ AT ETERN T

KW Z 00 B A e E R R LR .
24501 i AE 300~350 km/h B, S 5l W5 R4S
W Dhy T g MR R UL L R AR M AR P A
1 kHz PUR Ay P AR B o i A3l e W) 4 7E2 kH 2
DL B s i Be . O 1 BIESE 22 S0 L i S
B VERT ST AR AL, A&l 5 TR

T 1 Br 2 R AR 2R I e [ (5
ek 1 F e ny B IEGE 1A 58 B B A
WP XFT 2 B3 B o By 23000 A0, [ ) 4 e e
1S B A2 p 28 A 0 ol 2 O O B R 2,35 A

(a) 1FrZ 0T - 5 B B

(a) Order-waveform map of first order polygonal wheel

(b) 2MrZ i FE M F- X N ]

(b) Order-waveform map of second order polygonal wheel

() 3 ZILTEI -V T XS R ]

(c) Order-waveform map of third order polygonal wheel

(d) nB 21U TER - TE R R E
(d) Order-waveform map of n-th order polygonal wheel
K5 28 B8 B8 M &

Fig.5 Order-waveform map of polygonal wheel

RSN SRR R SUBIA V6 N
WL 51E MR PAR SR E . n B 2308 frg] i
(%6 IR B 40 %

S =Vn,/nd (6)
Hrf. f, hn B Z2 0TI ;0 ) B 5 n.,
NENEHR IR ) sd HERIIE.

R Z NI ER G IR S5 R
M XL 2 R BRI R BO% & Y .

A R 250 km/h, B4 O CBP 2 3008 B
WA D EeAE S 900 mm, W 42456 22 3008 B 40 3 i)
RRIRNM RN f1~24.5 Hzo Y5 K W 7 1f
(B ZTEBr IR R 2) , 446 2 8 B8 45038 1) 58 5



1148 & Zh. W

w5 & W

%039 &

PN f.~49 Hz, 445K n i 2308 3
W ARSI [, =24.5 nHz, BB 5
F 4k 24.5 nHz,

TE— M & B9 2 b Hh SRR A s 10 20 By
ZNIEER, A a3 250 km/h. %% 900 mm
R O M LY [ =490 Hz, Jg§ T
AR o ol T80 4 AT Bl r 7 AR i sl e
SLHTE 2 kHz DL b, PR AT DLSE 38 43 A M 19 75 )
ESERALE SURIESINA i

B 2008 B 0 B B S A AR 220 4
SERSAEC B B AT v AT B AL S AR LR P
Wit 2 31 ek 7 B8 AR T X Al 2 0l 2 3 4 Y
ARG ) bAL I T B4 IR 5 0 8 S e HL
YIRS R bl o SRR S R U . BEE F A
Z G BB BN B R Bz () vt g 2 KR,
I NG Fe BRI DG IR PR S BT A 0 R B
AR HE N I b B . X AR R B i
18 )5 B 2 e 2 AR R 23 3 4 w4l 18 i A A B Ak
A, T ] EF S0 6y e 80 3 ] AR g B A 8 A B v
R A R A B ke

OGS W9 T A4 £ 1Y B R T e
) ZE A 2y W 7 4 5 e R TE AE TS A A AT
TN IR SR IR I HOO 4R AT ORLRS B A
Do X BE A8 10 22 309 R L ARG I Y ik Bl A e
ARG WIS AERE 2 P B IR N A e Y A% Bk e (E 0
BRI N R gl b MR RS R k2 8 A L
300 km/h RGBT I L 45 PN B9 S AR S L
580 Hz Zify -7 A IR g %48 20 By 23008 e 1L
IER XK 9 dB Zef kgl fi K 12 dB Zef . [l
I 8 B 1) 22 3001 B 50 A X AR B 22 01 B8 B % T
Hi sl M Y S B, TN A Ak 4 L B
R SUSIANE G-I SRk E A N VP &
18~20 By 1Y 2 i1 J& B5 i %of v A B 19 W & o o 250
Wi o SCHRLS3 JHFSE & B % N W ¥ 7E 300 ~ 600 Hz
AR ZE 5t B 4R e 4IR , 24 90 42 42 5 1 22 30 08 % 46
Qb 33X — DX ] I 2 ) A Bl AR 5 K P 2 KR
KX R PATHAE Z )5 N BN ] BT e

T W AR 22 SR A T A i S
EEBAE OG22 L WG RS T A R G0 B AR
SR K BT RIS 9 EAE AT e e 2 L T A
FREAR A DX W AR 3 R AIG BRIRRR E R T
A A3 32 A B AR AR B . itk T LA R R R
G5 110 [ A A0 8 2% 52 W 42 A 22 T B A5 B 7 AR Y TR
T RSO W7y A5 1 SR B

SREE S E R IY kAR 2 100 I B R

W G AR I EAT T — AR 5 1Y S 56 0 i N R AR
SE AL A Z2 2T I L TR AR R B A A R R R A I
FEAEXF T Bk 42 R M RS2 e . TR EUE AU T
T 80T R A B0 MR B UL AR 1 Chigh-speed
wheel-track noise software , faj ff HWTNS) , B} 5%
T AR R ST R BN MR U .
A MRITTr 5 ge it BE & 3 A (finite element-statis-
tical energy analysis , f& /% FE-SEA) %5 & . X &
PR N MR HEAT T AR TR AR ] B AR L ik
KM 5T 4 e 22 3000 & 0 e Pk CARLRS 72 B2 L 2 300 By
W Z B RE L S5 X T AR B & DL K 42 R P e 1Y
SO . TEWTTE A5 22 R B 4007 Ax 4 W i ) 4 i i
Bl 1) TTRR /N LU 8 T ] — 3 P A &
PUAE AT RE B2 DR A5 i AS A 8] 1 /T 42 T 5 2 2001 5 46
JEE DR 450 i 0 1) 2 R A0 A P R L R R T 2
I BE AR B BRI A e T AL W R R . i 5E i 15
th o R R A A b O A TR B 2 2R B A B UCRR AR
19 B S 200 Pk 3 8 5 AR 540 Hz 2ty Wl gFJ2 19
W 22 3001 Fr 51 2 i SR A5

2.3 FEHEHMRESHHERERNEE RS

Bie Z I BT A M ORI T R Y
e BRI X 22 I I T 7 A g W o [ A o
WAV G Hefe e G R W e fe b3 T ok, 7
T B B HEAE A — B s AR AR O i
DRI ek DR D A 52 8 119 2 0 4 4 A o A7 1 o
eyl L,

SCHRES6 46 Hh by 7 3 ) 42 10 A 7 iz o
A 10 F LR b RSB i 2. H
i [T e P ) 448 T 3k 2252 IR S i [E R B
25 R O A A8 SR AR S HE B 3t O TR o 1 B
S HME. N TR A L s, HAE U 4R B A
oK B e R HE A X H A S R AR A5 LT S B
(32 5 A i A b BTN B . [ AN — 2 e ik
(B REAE L I FAS Ry Bk B SR T St I B 12
W 2R 8 AR B 7 5 A b E 0 Ty EAE . B
Bt A ot ICE |k fefl & ft b 2 &% 8
T AR L RIS TR R GE A G

TEHEAT BB AT 04 75 i PO I 7 BEAR 4 2R 48 5L B
T 00 - 4545 BUAT I ok B2 1 3 5 1) 77 il 20 A 02 A
B, BHATER AR e BRRSHAE L GEH TR
A R RS Y R G b ZOR AR i
TAEGE U MR Z AT AE 2 MRS R G s . H B
JRVBS A58 L 3 T A 2 A 1 B AL B R G AR
PERIRIE DL . b T A [R] B4 R F » i 2200 3 A A9 4L



%6

BER.F I EL 2 D TE B B S T 4k 1149

RURHEAT A A7

55 22 0 T8 B AURE 5 1 i 2 08 2 R A 1 A
1B 58 . A WU 31X, DL 3R 1], ) 2 2 4 4 1%
AR fE R

D GRSk fE K BEAE 40~60 mm, 5CE IR T A7
TE— A8 CGE E/NT 1 mm), W5 5 4,
S BT X S B IR 48 R AE — 10 CCF 475
P EEANBER I 10 ke /b 78 58 3 (03 B R L 47 b ke
ANEEFE 15~45 km/h Z ], [k 78 3 38 B 3 6 P9
B 25 o B0 T i G 48 4 B K

2) WA K 60 mm, B IR T A7 7R
— g HERT 1 mm), H8 4 3 25 0 75 2 57 %)
i A o T B i A& 3, LB R RERE 3T 10 km/h,

T Z2 D B I T Xk L ) 446 O R E B R
S4B I AL R SRR S A g TR R DA AR SRR A
SR o T [ PN A DG BIF 0 RS 25 25 R A1 SR 22 R 5
HEE AP 25 R B8 58 42 7 i B [ N 4% 1 b R R
UGS S DR A 1 1 0 S L B T T A 1 AT
RERAR L 5 0 450 AE G5 A Wi ds 22 ) - B 1 B9
TSI D o sk T A e ™ R ol )
o P ol A B 1 R s T o A1 R I B A &
KEE,

B NN T R s s, FEE P T 4R
S AT R T L O R A T LA R TR A A T L A SCk
Xt 25 4 15 SR w2 AT 587 . Braghin 25V X &
KA ETR500 B 58 7% 38 5] 75 4 48 o 17 (e A
L & B0 SEAEAEAE SRS 2l 2X10° km i 1R,
AT UAE 256 0 06 0 75 v 2 o 1 fiF . A0 o S
i 3 BOHE T2 0 AR S — 2 T B 0 T A AL, PG
RO B Ar, AT DA B 1000 A R ok S B4R R 4E 15 .
Pascual 2555t PG BE 25 5220 W) 19 BL 4 242 40 5 46t A 0
HEATHIESE s R B M B Ry 27,5 mm B, Gl 3 4
& R4 S R R F1) 30. 5 mm 2 i 24 15 3 A
i

it 7 28 K 1) B R ST 2 R B AR A e
B bR v B T SR A T LR 6 B R A A
A [ A1 B0 o 11 45 FH AL AE 2 A7 o e R A 4 v T
W SEit v, AR SCERC12 ], dE 2 XX F 20
T B 0 2 4 0 O bR o K A i AR Ak . 1996 4F 1 A
B MR AT B 5 R T 3t 400 kN 1)
vhif o fr W A e T B R . RV R K
JEH 50.8 mm 3 HNF] 63.5 mm., % #H LR K
P, i B AL 445 kKN [ o #mr i 2 b, Rfg —
e e AT B A LT P B T DL ) T A 2 Y B
7T L AR L e B K B T 5 Gl B 1 TR R — A

D B9 A T 2 e e A DL B i A

SCHRE8 WSS T AN AR A LI - 253 i T & 5% 1k
SR AT 5 AN SR BE A 2 T e i 2 R — A LY
e A 1 SO L AL R B AR A . A e R AR
fe i T —Fh2E T Hilbert-Huang A8k X 448 2 14
TE B BUEA T A2 0 T 1 . Wa 55002 5 F 5 &
B A AR AT B R A A ) e 2 R I B
IR e o e Y LA i S A B R I ek
P B ATAE 20 By 2 I B 46t . 77 2E 580 Hz /2y
R BN L A Sl 4 ALK 8 B A R AR A Bk
{ELR TR 2 75 48 45+ o 22 1 3 55 B U 5% 19 48 2 A
e fiE i o 2 A2 IR R fe i by 2 .

RN TS A0 4 48 A B e 5 A R AR
AW U I o B BE 14 56 2 I ke B g I e R A MR
FEH Y P B AL S B B R L AR 6 TR .

y=12.555In(x)+51.138

0.02 0.04 0.06 0.08 0.10 0.12

EARitk B R / (Pa» Hz )

Wl 6 i 4 IR A% A i 3 0 ) 2R i - v B R B
Fig. 6 Sound power density-high order degree map of a

wheel in a carriage

H1 T H AT AE DR Y 7 0 8 5 K AR e 2 B
JES 0 I R R AR e i R B IR N HOE R Y AT
FETEHR X SR AT LU A S TR 2%

3 HRIF

AR H R AE 58 2 1000 I 05 T A B2 BE
XS 22 10 JE 2 45 1) BIL B 1) R 5€ 4 2 L A0 45 B A
W UERT B T 4R A -E MR B 4 07 T
FMSECE PN S (=R E SUp ) X iEsl <
9 56 2 J7 1 » [ P9 S0 34945 55 22 SCHRAE BF 52 8 B 0k 3
TG BCRY WR O 0 2 TR T S B
BRI A S M Ok ST WA 22 0T T Y
SCHR . F T R R A JC R A A BN AR T 5T
1) R S8 8 AR T T S B 2 e e A A5 I A A AL R
Uy B ER Ay B IR H RTS8 A5 ok . AN ad s [



1150 & Zh. W

R

i %39 %

Pr b A T — B85 ) A 1 48 B 000 A 1A
JeB A TWINS', H B0 ACR 845 . 4 )5 al ik
— I AT 7 3 M A A B R A LR Y
PR T T A T T A R R Pl s 4 e i 2
P A DL

2 L i Bk A 4 e T A2 b A IF T 4K
s KM 22 T TR B AR I 2 S8 IR S T A0 AL AR 212 1Y
ERTT 1 R AT B A D, XA 8 R Y a2 AN 4E 18 AR
MELARREAR . Bk 2 4 2 S T 2, O 17 S B IR i
e 7 A UL ATRENY 2 AR 19 H AR - o 20 2B
JE A TOUIN 75 3k HEAT BE TS . 53 A s O T SE 4 B R
W 5 THT > 72 A 48 [ D 22 B0 1) [R] N L B2 [ A A2 R Y
M TE AR A 5 AT 17 D0 1) R 1 SR LA
PR Bk e 2400 114 22 4

z % X ik

[1] International Union of Railways (UIC). General defi-
nitions of highspeed [EB/OL]. [2019-06-20]. https: //
uic. org/highspeed # General-definitions-of-highspeed.

[2] Cao Yanmei, Xia He, Chen Jianguo. Theoretical mod-
el and characteristic analysis of moving train induced
ground vibration[ J]. Journal of Vibration Engineer-
ing, 2009, 22(6): 589-596.

[3] Bender. Eschede derailment[ EB/OL]. [2019-06-20].
https: // en. wikipedia. org/wiki/Eschede_derailment.

[4] Cao Yi. China to start construction on 35 railway pro-
jects: report EB/OL]. [2019-06-20]. http: // news.
gaotie. cn/tielu/2017-01-03/370195. html.

[5] Jin Xuesong, Wu Lei, Fang Jianying, et al. An inves-
tigation into the mechanism of the polygonal wear of
metro train wheels and its effect on the dynamic behav-
iour of a wheel/rail system[J]. Vehicle System Dy-
namics, 2012, 50(12). 1817-1834.

[6] Jin X, Wu Y, Liang S, et al. Mechanisms and coun-
termeasures of out-of-roundness wear on railway vehi-
cle wheels[J]. Journal of Southwest Jiaotong Univer-
sity, 2018, 53(1): 1-14.

[7] Higgns R, Otter D, Martin R. High accuracy load
measuring wheelset[ C]// Tenth International Wheel-
set Congress: Sharing the Latest Wheelset Technology
in Order to Reduce Costs and Improve Railway Pro-
ductivity. [S. 1. ]: Preprints of Papers,1992 . 181.

[8] Kalay S F, Hargrove M B. Examining the economics
of high-impact wheel loads [J]. Railway Track &
Structures, 1994, 90(3) . 29-33.

[9] Newton S G, Clark R A. An investigation into the dy-
namic effects on the track of wheelflats on railway ve-

hicles[J]. Journal of Mechanical Engineering Science,

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

1979, 21(21). 287-297.
Jenkins H H, Stephenson J E, Clayton G A, et al.
The effect of track and vehicle parameters on wheel/
rail vertical dynamic loads[J]. Railway Engineering
Journal, 1974, 3(1): 2-16.

Ahlbeck D. A study of dynamic impact load effects
due to railroad wheel profile roughness[J]. Vehicle
System Dynamics, 1988, 17(S1). 13-16.

Nielsen ] C O, Johansson A.

wheels—a literature survey[ J]. Proceedings of the In-

Out-of-round railway

stitution of Mechanical Engineers: Part F-Journal of
Rail and Rapid Transit, 2000, 214(2). 79-91.
M. EW-PUER A s 1 IMDL 4 B s B
AL . 2015 203-230.

Pallgen G. Unrunde rdder an eisenbahnfahrzeugen:
durch ortsfeste messanlagen kénnen unrunde riader an
schienenfahrzeugen detektiert werden[ J]. Der Eisen-
bahningenieur, 1998, 49(1): 56-60.

X o AR AR (B b S FE K A L BT B 1) B R AR U
PRITHID]. R P g 58 5H K. 2016.

Cui D, Liang S, Song C, et al. Out of round high-
speed wheel and its influence on wheel/rail behavior
[J]. Journal of Mechanical Engineering, 2013, 49
(18): 8-16.

KA I P SOM, ZR I8 W L 25 TR 58 2 i 0 TR W R 3h 1Y
S R AR TERT AT C /32 ik % 73 A R BFT 2
W& [S L ] EBEE SRR 4, 2016.7.
Johansson A. Out-of-round railway wheels ; assessment
of wheel tread irregularities in train traffic[ J]. Journal of
Sound & Vibration, 2006, 293(3): 795-806.

INEFRE . T, X e, A S AL A EE S AN R
B A BT LT, AR AR KA 2 4. B AR i, 2018,
36(2): 281-283,295.

Sun Hairong, Jiang Jie, Liu Xiansheng, et al. Analy-
sis of causes of high out-of-roundness of EMU wheels
[J]. Journal of Jiamusi University: Natural Science
Edition, 2018.,36(2) . 281-283,295.
Meinke P, Meinke S. Polygonalization of wheel treads

(in Chinese)

caused by static and dynamic imbalances[J]. Journal
of Sound & Vibration, 1999, 227(5); 979-986.
RGeS . Motk EEH. S Sl EERZUEE
FEMIE AL A R R LT ). RmH AR, 2018,
47(8) . 8-13.

Zhao Xiaonan, Chen Guangxiong, Cui Xiaolu. et al.
Formation mechanism and influencing factors of poly-
gon wear on high-speed train wheels [ J ]. Surface
Technology, 2018, 47(8): 8-13. (in Chinese)

MRoGHE, fEBESE, ERN =S 4 4 5 I I I e
BLEELT]. PRI 5CIH R 22441, 2016, 51(2) . 244-250.
Mechan-

nism of high-speed train wheel tread polygonal wear,

Chen Guangxiong, Cui Xiaolu, Wang Ke.



%5 6 1 BERE PR 20T S E B 5 2k 1151
rational [J]. Journal of Southwest Jiaotong Universi- hai: Tongji University Press, 2018 43-62.
ty, 2016, 51(2): 244-250. (in Chinese) [34] Talotte C, Gautier P E, Thompson D J, et al. Identi-

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30] #

[31]

[32]

[33]

Johansson A. Out-of-round railway wheels . assess-
ment of wheel tread irregularities in train traffic[ J].
Journal of Sound &. Vibration, 2006, 293 (3). 795-
806.

Morys B. Enlargement of out-of-round wheel profiles
on high speed trains[ J]. Journal of Sound and Vibra-
tion, 1999, 227(5) . 965-978.

Johansson A, Nielsen ] C O.

wheels—wheel-rail contact forces and track response

Out-of-round railway

derived from field tests and numerical simulations[J].
Proceedings of the Institution of Mechanical Engi-
neers: Part F-Journal of Rail & Rapid Transit, 2003,
217(2): 135-146.

Johansson A, Andersson C. Out-of-round railway
wheels—a study of wheel polygonalization through
simulation of three-dimensional wheel-rail interaction
and wear [ ]J]. Vehicle System Dynamics, 2005, 43
(8): 539-559.

SR o T A S T H g 0 AR R B R e HC
TS D], JE 5t LRSS R, 2010,

Mifli, i, B SEEER SN 2D E
Wishyz vk aem R m L], Beil 44, 2014, 52(12) .
4-8.

Chen Wei, Dai Huanyun, Luo Ren. Effects of high-
order polygons on high-speed train wheels on vehicle
dynamic performance[ J]. Railway Vehicle, 2014, 52
(12): 4-8. (in Chinese)

EHRT. MmO ERZ LB EWid )t ae
L] AU TS A3k, 2016(5) ., 42-44.
Li Guiyu. Influence of high-order wheel polygons on vehi-

A

cle dynamic performance[J]. Mechanical Engineering &
Automation, 2016(5): 42-44. (in Chinese)

L, VAN S UHUE A A O B R AR A
BT WOl BB PESE . 2009, 12(2): 53-55.
Hong Liao, Shen Gang. Portable wheels polygons and di-
ameters measuring device for rail vehicles[J]. Urban Rail
Transit Research, 2009, 12(2): 53-55. (in Chinese)
Zakharov S M, Zharov I A. Criteria of bogie perform-
ance and wheel/rail wear prediction based on wayside
measurements| J ]. Wear, 2005, 258(7): 1135-1141.
ﬁﬁﬁ RAF], KD ERZHIENEWS) )2
W 53 BT AR Wi i e L], BRIE ML H 0,
2018, 38(4): 10-17.

Qi Xiaoyue, Song Dongli, Zhang Weihua.

4] 5 M

Analysis of
the influence of wheel polygon on vehicle dynamics and
online diagnostic method [ J]. Railway Locomotives
Vehicles, 2018, 38(4): 10-17. (in Chinese)

Yang Xinwen,

Zhai Wanming. Railway wheel-rail

noise: mechanism, prediction and controll M. Shang-

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

fication, modelling and reduction potential of railway
noise sources: a critical survey[J]. Journal of Sound
and Vibration, 2003, 267(3): 447-468.

FiE. 5. WA TR 2 IR GRS Y
[T, MR SR SR 2018, 38(1): 147-150.
Wang Yuan, Tong Yan. Influence of polygonal wheels on
high-speed train wheel on interior noise[ J]. Noise and Vi-
bration Control, 2018, 38(1): 147-150. (in Chinese)
Bender E K, Remington P J. The influence of rails on
train noise[ ] ]. Journal of Sound &. Vibration, 1974,
37(3): 321-334.

Remington P J. Wheel/rail noise—part 1V
noise[ J]. Journal of Sound &. Vibration, 1976, 46
(3): 419-436.

Remington P J. Wheel/rail rolling noise,

rolling

1 theoretical
Journal of the Acoustical Society of

1805-1823.

analysis [ ] ].
America, 1987, 81(6) .
Remington P J. Wheel/rail rolling noise, II: validation
of the theory[ J]. Journal of the Acoustical Society of
America, 1987, 81(6): 1824-1832.

Thompson D J. Wheel/rail noise generation, part II.
wheel vibration[J]. Journal of Sound &. Vibration,
1993, 161(3) . 421-446.

Vér 1 L, Ventres C S, Myles M M. Wheel/rail
noise—part III; impact noise generation by wheel and
rail discontinuities[J]. Journal of Sound & Vibration,
1976, 46(3): 395-417.

Thompson D J. Wheel-rail noise generation, part IV
contact zone and results[J]. Journal of Sound & Vi-
bration, 1993, 161(3): 447-466.

Thompson D J. Wheel-rail noise generation, part V.
inclusion of wheel rotation[ J]. Journal of Sound & Vi-
bration, 1993, 161(3) . 467-482.

Thompson D J, Fodiman P, Mahe H. Experimental
validation of the twins prediction program for rolling

noise, part 2; results[J]. Journal of Sound and Vibra-
tion, 1996, 193(1).: 137-147.

[45] Jones C J C, Thompson D J. Extended validation of a

[46]

(477 1

theoretical model for railway rolling noise using novel
wheel and track designs[J]. Journal of Sound &. Vi-
bration, 2003, 267(3): 509-522.

Thompson D J, Jones C J C. A review of the model-

ling of wheel/rail noise generation[ ] ]. Journal of

Sound & Vibration, 2000, 231(3): 519-536.
B, RE. mH) 4 17 e ) W40 b 506 PR
ML) ). WA /RIEZGE R4S, 2018 (1) 9-10,12.

Guan Bing. Zhou Jiayu. Source analysis and control
measures for high-speed train operation noise [ J].

Harbin Railway Technology, 2018 (1). 9-10,12. (in



1152 ik oW KX 5 2 W %39 &
Chinese) [59] Fhifgse, Fimse, FTEX, F. SEAEREN LN
[48] Mazilu T, Dumitriu M, Tudorache C. Wheel/rail in- T U £ 4 WO A A 0r LT ], PR BN B E ST, 2018

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

teraction due to the polygonal wheel[ J]. UPB Scientif-
ic Bulletin Series D: Mechanical Engineering, 2011, 73
(3): 95-108.

AR B TR bR L AL B 5 B 10 B AT ) UBIE 5
JELT]. PUREsCl K244, 2018, 53(1): 1-14.

Jin Xuesong, Wu Yue. Liang Shulin, et al. Research
progress on non-circular wear of wheels[J]. Journal of
Southwest Jiaotong University, 2018, 53(1): 1-14. (in
Chinese)

XUV 25 MR, RARTC . 55, 450 5 #E AT 46 BT L 19 32
WA RLAELT ] P E Bk, 2017(12) . 23-28.

Liu Chuang, Li Guodong, Song Chunyuan, et al.
Effect of wheel wears on wheel-track matching [ J].
China Railways, 2017(12) . 23-28. (in Chinese)
HOBE . RPN, BOBTAR LS. R AR AL X e A
ENIRS MR LT, W SRS, 2014, 34
(4): 10-13.

Han Guangxu, Wen Zefeng, Xiao Xinbiao, et al. In-
fluence of wheel non-circularization on vibration and
noise in high-speed trains [J]. Noise and Vibration
Control, 2014, 34(4): 10-13. (in Chinese)

EXF. M E RS M S E R AR R R
ML) RSS2 4R . 2013, 34(5): 25-28.
Wang Xingyu. Analysis of the relationship between vi-
bration noise and wheel non-circularization of high-
speed EMUs[J]. Journal of Dalian Jiaotong Universi-
ty, 2013, 34(5): 25-28. (in Chinese)

oG, SKEE. HOBAR. S, M EHEN R WK
MR R S AR A AR A OC RS LT ] UM AR 2430,
2014, 50(22). 113-121.

Han Guangxu, Zhang Jie, Xiao Xinbiao, et al. Study
on the relationship between abnormal vibration and
noise characteristics and polygonal wheels in high-
speed trains[ J]. Journal of Mechanical Engineering,
2014, 50(22): 113-121. (in Chinese)

OG0, ) 42 AR 10 Al X R 2l M 7 I B e B i
AR LA LD . SRR - PG R STl K% . 2015,

Zhang Jie, Han Guangxu. Xiao Xinbiao, et al. Influ-
ence of wheel polygonal wear on interior noise of high-
speed trains[ J]. Journal of Zhejiang University: Ence
A, 2014, 15(12): 1002-1018.

PH A B S F AR 4R RIS BT S (D], AR - 7Y
M 283 R, 2015,

ZEE. BT SMDP B e 8 5l 4 20 4 56 e 48 IR g T Y
[D]. db st ALt scim K4 . 2017.

Braghin F, Lewis R, Dwyer-Joyce R S, et al. A math-
ematical model to predict railway wheel profile evolu-
tion due to wear[ J]. Wear, 2006, 261 (11): 1253-
1264.

[60]

[61]

[62]

[63]

[64]

(2). 116-121.

Sun Hairong, Wang Yuafei, Pei Chunxing, et al. A-
nalysis of high-order polygon data mining prediction
model for high-speed train wheels[J]. Industrial Inno-
vation Research, 2018 (2): 116-121. (in Chinese)
Pascual F . Marcos ] A. Wheel wear management on
high-speed passenger rail;: a common playground for
design and maintenance engineering in the Talgo engi-
neering cycle[C]J // Rail Conference. [S. I ]:IEEE,
2004,

ek XNAdH . 44k, 5T Hilbert-Huang 28 4 1Y
G R B2 W LT ). dk8h Gt 5120, 2016,
36(4) . 734-739.

Li Yifan, Liu Jianxin, Li Zhongji. The fault diagnosis
method of railway out-of-round wheel using Hilbert-
Huang transform[J]. Journal of Vibration, Measurt-
ment & Diagnosis,2016,36(4):734-739. (in Chinese)
Wu Yue, Du Xing, Zhang Heji, et al. Experimental a-
nalysis of the mechanism of high-order polygonal wear
of wheels of a high-speed train[ J]. Journal of Zhejiang
University: Ence A, 2017, 18(8): 579-592.

G, PR, SREE, SF. AR R AL R S &
PRSI ME R R )], MRS SR SHER] . 2014, 34(4).
10-13.

Han Guangxu, Wen Zefeng, Zhang Jie, et al. Influ-
ence of polygonal wheels on vibration and noise of high
speed trains[ J]. Noise and Vibration Control, 2014,
34(4): 10-13. (in Chinese)

BEY. EW-HOER G 3 LML Je s B R
¥, 2007 372-420.

FE—EEBE M- F 2R, H.1982 4 10
AW H AT, EE
FE 5 169 2R 4 T A PR O A I T K
Ay g:. ERFEK ARF LS
HERE 1O R R K E AR
RIPRAL 1 00, R T HAR =230 T /i 7
RN DN P I - N N T /AT I =
WA Al A R H . 3648 TEEE
[ S A N B e e o [T A VA
fE(IEEE Transactions on Reliability ) &l
T PEMEFIMTFERE PERS
TRERF M W 5 P E A
LTRSS E &% 5 A,
E-mail: liyanfu@ tsinghua. edu. cn



