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Analysis on Dynamic Effect of Polygonal Wheels on Tracks

of High-speed Railway
LI Zhongji CHEN Zhixian YAO Li YANG lJizhong LIN Hongsong
( China Railway Eryuan Engineering Group Co. ,Ltd. , Chengdu 610031, China)
Abstract; The polygonal wear of high-speed train wheels will cause significant increase of the wheel-rail force, which
will have an adverse impact on vehicles and track components. In order to study the impact of polygonal wheels on the
load on tracks and explore the method of determining the design load of high-speed railway track with higher design
speed, a detailed vehicle-track coupling model is established in this paper, and the dynamic response of wheel-track
under 20-order polygonal wheels at different speeds is simulated and analyzed, and the characteristics of wheel-track
vertical force and fastener vertical force are calculated. The results show that; (1) The effect of the polygonal wheel on
the track structure is harmonic excitation, and the excitation space wavelength is the same as that of the polygonal
wheel. With the increase of running speed, the polygon excitation frequency increases, which forms a sweep frequency
effect on the track structure, and reaches the peak at a certain resonance speed. (2) The maximum value of wheel-rail
force is significantly affected by the out-of-round amplitude, and its maximum value increases with the increase of the
amplitude of the polygonal wheel; specifically, the maximum wheel-rail force is 149 kN when the out-of-round amplitude

is 0. 02 mm, and 291 kN when the amplitude is 0. 1 mm; and the ratio of wheel-rail force to dead wheel weight is
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1. 69 ~4. 16 when the amplitude of the polygonal wheel is in the range of 0. 01 ~0.1 mm at the speed of 400 km/h.
(3) The maximum value of fastener force changes within the range of 21.89 ~31.49 kN when the amplitude of the

polygonal wheel changes within the range of 0. 01 ~0. 1 mm at the speed of 400 km/h, and the corresponding ratio of

dynamic and static forces is 1. 11 ~1. 59.

Key words: high-speed train; polygonal wheel wear; wheel-rail force; fastener force; dynamic load coefficient

AT, e ] i Bk B oA s il i AR E ik
3R IBHT RERBT it TS 5 e BE
HORRR PRIE T R R L i MiE s
B I E] A, — 2 sl b R e, e AR 2k
IEFERUR B R — A a8 P s 5
HEELEPEFE , SeAR AR IN , HLAEG /NS TR B BE & A
ARREE A e 2 e, H L b Bad 73 E . 5%
FRARRALIE A 2 (A8 BRI A 1 R R, T Bk
B AR RIS 7 A B B R s R Rk 4 7
BREEBETE, R AR R B iy o J3E 45 G ey i K B 114 0
R THIPRIR . 458 Z 5 1R R B O
1R RS T, L T 45 A A AF TS N 4 A 8 5
Ve NI R SR (R

[ NS E X G 2 RO 1) iz i BE
FNRIATFE, SCHR(2 T8 1 44 aE sl s A, 5F
FIAT AR R, 5 8 T AR A A T
FREZDIVIEAEXT FM ARG A TEREM N . 45
KU, FReZ N s T PR MR bR A, H
PEECAR R IR, SCHR[3 TP T R 2
PR XS F i i is ShAsE PR R, 45 R WoR i 2
P2 BRI 1) M A T 2R A B2 AR, ™ EE AL 8]
FRB AT b 5T, R WA R e A e . SRR (4 ] a2
SEWIZABG Bl 2 R TR 75 T8 T RS Y
PRENBEAS , M T 2248 22 2T I R ) e il 0 B 1 1 52
Wiy, 25 R R, 2G40 22 T8 B IR R M X [ A
RS SURINIR e IR R TE 3 NS W ISR R G
o2 B R B R R A 22 WA i LE A &
BRI, R IBE R R 2 L BEAER)
TN, B U BH R, R 2 e BRI e )
ARSI b 1 R 3 Sk AN P WX 48 0 B2 i S
WRL6 1 WFSE T 4t Z IR AR X e tr & athfe )
S, KB T RE 00 N B B AR RO 4 4 PR
WL AZELEBH, BRI RBHE R 2 RE N, 22
X B A 2R UL, FE R 2 A R L bl
AT, T [ SRR A A IR e R, AL 2
XBN AL bl PR TR . SCRRLT ] LAKE Sl P iy
AN AR B AT I R A B 1) QRS OR 2R A B
L G - PUEAR G 3 AR R 2 A
P AR R 5 A as AT G Re ZE iE

(B LR (Bt 50) 45 DR 3R o 8 e 1] ) 1) 52 1 1L
e 4y mE Rk s e W IR G a5,
LA BT 16 2l 2 A7 FRAE A A , 25 FEAN TR JEE T 1 ~
23 W FRe 2L IR E R, W) L i R R 20
RS N LB BRI b2 2 BRAE i 2 A B,
B s A7 BB R A e 22 ] o v g I, R fe
AR/ A AR (5 A PR P MRk Lt B 3 e U A PR

A_EAIFSE 22 Bl S8 42 48 223 T 0 AR APk RE 1) 2 e A
eI RHETE AR 45 2 W X B 54 S A 7
BT o MR S bris i, e 2 e g
FEXSPIEZE SRR 00  BUER M fEH E B4 2
o BRAL, B vy A BRI 0 A, B e R SR
HARBR R D4R E H R A Rl AT, 2P
ERE A BB LS K 7 e 8 AR I SV T BB 45 F 3
b e 208 1 SRR I, #RE (HARRA T
R TRl

RSO R A A N R 2 O X BB I Sh 1]
(DRI ST , S I T 45 A T 470 2 28 Ay A IR 2 £
HOE S . M Z A J A S TR0 - BLERs
BT, RS IR T BN IE R G B IRES M, i i H
&m0 O H T A B TR T RS
Sl IR, WS i B 22 B %) e B sl 7 O #)5 meR
T MG BR BE , B0 458 2 R 264 T e B0 Andn
I HUEL

1 ER-HERRHHFRE

1.1 ERRFEHHFRE

PAFR [ SR sl B R A N WP R B, IS AR
G B A 1 AR 2 A
HZE 4 AFexE 8 AN, LT 15 NI, 2RI
AR T PR, B30T 50 A M E. FAR&
WA 22 [0 F) 5 22 B I R 4 % A b 2R TRD G 6 2R, A
B LR, R Gl Ty 5 BN SHIN R 2 PR o

®1 RAUSENEHNFRBBEHESR

A1 175 FUL | R mk | sk
KVN X, Y, Z, D, [OR v,
B (i=1,2) Xy Yii Zy; Dy, Oy, W
B (j=1~8) - - - - 0, -
X (n=1~4) X, Y, Ly b, 0., Vi




ZRBAK, A5 - BRI e 2 1T X BE Sh AR S

2021 4 10 f

B 1 EWRGEHNFHRINERE

=2 FWHBEE

i H 24
AR TR/ kg 35 360
AR/ kg 4082
xR/ kg 1739

— R IR EE/ (MN/m) 1.28
ZZRIEMNEE/ (MN/m) 0.3
ZZ T[] BHJE/ (kNs/m) 17.9

1.2 PERFER

el CRTS IR JCAEHUB A BT IR R, i@ Sr Pl
SEFZh SRR CRTS IR JGHE 3E i1 60 ke/m 49
BLWIS N RS UE N B SR B - T AR
B ZR AR A L Hoh, BB ARG A SR gE 58
FAE—E , 75 A ISR B 5 IR AR =2 8] 3¢ B - T A
B U=, IR R AR i AE T E A A5 A (% kLAY
) B

R S8 SR BRAC BB, 8 3 1 59 3 5
FETHUEM L 00 = 1 W e #5k o0. Prad
SEHAERIE RGN 2 FR B0 S B0
w4 3 Pios.

gwétﬂ%%ﬁ%ﬁ%&%ﬁ%ﬁ%ﬁ%%ﬁ%
B2 FREERE

2 ERZHMER
WA L I 3 R . A4 ZIEIR T

R3 HESHE

H 2K

SPFIE m s
0442 ) I B2/ (MN/m) 30
IR ) B2/ (kNs/m) 15
FoUERE R BE/ (MN/m) 280
F{ERE B2/ (kNs/m) 30

— P . FER R AT SRS R
TERTNIE A B 2s . e HIENZH
TN BT, 42 %6 B8 Jo] AR A (e, y ) T R7R O
x = (R + AsinNg) singp
{y = (R + AsinNg) cosg (1)
¢ e [0,27]
o R— R IR B P42
A—H R Z NI R ;
N—2 8 2B

0

B3 FHRZHME

1o BBk B TPl R A AE LB LB & L
Wit Z B BEFE, B BIRATAEZ I & NSO, N
PEWTTE 2, WM £ T LA, AR SC AR 11 20 [ 4248
Z I BT R ST .

3 MEZRSH

3.1 ®HEREHA

D7 FH3R5E BEVER A 50 ~ 650 km/h, £ 424820
AR T A E RGNS, EE
eI L 5] T R B sh R R B (e e 11 )
SEMEE A F0PEE ) A0 s A B (i
e o) S SRR R S T HAE) %F . — (R R LR
o] S AVE RN 4 Bros . AL 4 aT LR e 2
PO ARAR T Rt o) g 2B 25 AT e I
HAEA R BB AT H L, 258 (AR 2 [R5 R A 4, 3
SHERZMIVPRMNE . WL, lEFEEEL, 2



55 20K, A5 R R I A 5 22 10 X PUE SR T AT 2021 410 A
WIERPUETE T — A& I E R . ER 2B A 400
— g e — — 0.0l mm
PEF 5B s A7 R B2 i R e S s 30 0.02 mm /'
. e S 0f ZZD Goemm j
= asof —omc 0.08mm /- TN
SE — —- 0.10mm /:.," NNl _.'.\~/ P
& 200 LA RN TeSleT
& //'// L \\\::‘_‘*-w—"
g 100 1 T e n 0 150 1 /,/ '// S~
= T , ki L i Nt
% H (ll U | “‘ | \‘“ I ““M “‘;\ | ‘,‘H H 0 | %0 —160 -------- 260 3‘00 a‘too goo ‘600
O | [ 1L \“[‘! | [‘[ FEREEEEEEEEEL |l Ny
® 5 l“(u ‘l," “’H \ Il I r\ 1 “fu‘ L 1BATHE/ (km/h)
RLLLL ,li LUALLARU AL Eo6 FEREIEE TRHMER L E
0 ‘ ‘ ‘ ‘ ENCE SIS NCIER e Sub 2 it E L PIES]
oo Tl R LI 7 BR. NIET TR A S

4 ERZOMEHTRUANHTE(S0 ~650 km/h)

140

—
[\=]
[=}

100

LIV TONIEN

>
(=}

60

1 1 1 1 1 1
100 200 300 400 500 600
EATIE M/ (km/h)

5 AREETHRPNFRKE(IREO. 02 mm)

MBS ATRUE Y BEA 51 42 0a 47 18 3 KA
1 RAEBEZ 3N {HAE 350 ~450 km/h 3 & i Fil Y
BT BRI (E X R 2 BB T S R AR
Gl A AU R, IR Sl R R R AR A 45 SR . W B
JE 5 Z BB AR IR A0 T2 S RO I A
FASR o FEBAE T 0 38 I xh B 254 e B i s iy 3 A
AT TREBE R BEBCE 0 LB R RS
WA . 14 B 8 T 4 s T L

TR AR 7248 Z 1 R EH e e i)
TTERAE, E RN 6 s o BT 6 nT LA Y, 7EAN R
LN AP OB R B 5 22 ST MR A 3 T i 33
Ko FeBUIIFR KA A 15 i (52 W) S5, 25 A 1580 W
9002 mm i, FEBUSIRKRAE D 149 kN HER 2
JEMRAE D 0. 1 mm i, 585007 i R (O 291 kN, {Hg
(EL7 AN 2 AN B R 19 52 W), T A 3 — 0 3 W e (R
JET B TR ALIEIRALR

FEMRAELE 0.01 ~0. 1 mm 5[ AL ,400 km/h 4%
T T B P Shieh ) ELAEAE 1. 69 ~4. 16 i [l 221K

6

0.01 mm
o 0.02 mm
2 S5 ——-- 004mm /
g ————— 0.06 mm /
$ 4 —-—-- 0.08mm 2N /
Ip ——=010mm /,/ _.~ >
o s o~ !
X 3 AN A
~ ~.-
%S s Ny sl
R REVEV: \‘——“\ _
] 2 VAR S
*S.*»i 4/",/ S e
| = s

Il Il Il Il
100 200 300 400 500 600
B4/ (km/h)

7 AEATERETRNERSFERNLER

3.2 nHEEA

FO e ) ) e B A 2 B BT e T
BuBHR BT S8, N — 22 e i g 2P
ZEAE R A0 1) 7 1 R R e R BRI AL B
WS 1 QAR XTI AR IRAS 8 m AL E A 1 A2 fad e
K8 fiace MIEL8 nfLIF th, B 448 Bz i 5, 41
(EABZ 3L TE DN VA G0t L SO [ C A PES: R AN s
frFe Xt 2 Ny FE SRR RGO S S RS
LA RS R R S s . AT 2
TS, AR A AEATR LR AR IRIE S R L)
AN ) g 3R A = 25U

e ioe b7 LR N EL iRy Fpu i A ib s
SRR 9 s . A O T AR, 4nfhak ) 1 5
Fe At ) g B AR AL A LA AR ] 20 B 0. 02 mm
FRZDILIFIET AL 350 ~450 km/h 3 3 1 [ 4 [F]
FEHBL T IR IE(EL, O 24. 85 kN R Z B IR(E A E



555 A0k, 5 R RIS A 2R X U S A A 2021 410
0.02 mm I [ /7 L6 0.0l mm N B
----------- 0.02 mm AN -
LS 004mm /21 0 e
————— 0.06 mm / 1! ’\.'\.\ A
L4r —eue 008mm o 1 __ N SR
— == 010mm," i TN T 27
Do N .

ORI F1 /KN

5 5‘45 % 6‘.5 ‘7 7‘.5 é 8“5 ; 9‘.5 10
B /m

B8 FEREMEZFETIHEERNAEE

(X %Hegh 1 RLERAuE)

0.01 ~0. 1 mm 5 Bl P 28 4 if 1144 5 18 722 4k ke %5
K10 frz. BN 10 7] LUE Y, B & 22 2008 iR {6 i 3
I, Sy B ORAE R BEZ 3 I, {H 2 A58 Z R iR R
F0.06 mm J5 , f144 ) dse KRR B S AL B/, B R AE
S 31 kN,
25
24

23

22 F

fFCRAE /KN

21 |

100 200 300 400 500 600
1BATHE/ (km/h)

B9 AERZEETMHERNRKME(IEEO. 02 mm)

32

0.01 mm N —
30 | e 0.02mm /1N s
—-——= 0.04mm /:’.’ \} T
| = 0.06mm / /! NN s ]
—-=-- 0.08 mm P A
| —— - 0.10 mm, /-'.I // N N2

F4E71/kN

100 200 300 400 500 600
IZATHE/ (km/h)

10 FAEAERETINEERDRKEE

AFRFE ARG Z DI AT RN TS
AR R LUAE ( B0PF 0 sl Jg LE D) anfsl 11 Bioi.
ME 1L Al LUA % 58 2 8 iR (6 £ 0.01 ~

FERIEIT )y 5 E A T LA

09 160 260 360 4(;0 560 660
1E47# %/ (km/h)
B 1l AEAEEETIEEHERALER

0. 1 mmiE[E AL, 400 km/h RN 1A HLAE T /)
SR E L EAEL 11 ~ 1. 59 JERIMN AL,
4 ZiLRRE

AICH I AR TTIEN TS T F R Z VAT
T R I RS LB AR VRS o 3l 7 TR Y 4490 —
PUBM AR, B BB RS GEIREH 05 5oy
Hr ¥ 20 By 48 Z IR A AN R 43 T 9B slh e iz
TR TR 1) ) SRt 1) g, O S s T B
BATBOHR AL TG S EARYE 73 AT 4518

(1) 48 Z2 108 X (LB 45 K A 4 1 D 8 il
WO S PR S R 2 IR BRI . BEH 81T
(93 T, 22 T I S A R Bl 2 38 o, X L S5 A 18
PIAE o X AR SCHT R L 2 50, 1E 350 ~
450 km/hig FI A, 58 80 0 A g g i B IR G (RE, 7
TR A A BT R RSB SR I (E R T
BB IE E L

(2) BB I B R AR RE 458 22 300 % R AL 14 98 Jan i 46
Ko R RIMEZ AR 7 E 0 L 2,400 km/h j3
FEAMET U RIEE Dy 0.02 mm i, 4881 fe R (H
149 kN; HAERZNICIEAED 0. 1 mm I, 585177 5
FAE K 291 kN,

(3)400 km/h 3BT, 4 2 P iRl 1
0.01 ~ 0.1 mm {5 [ A 78 Ak i, 4107 1 B K AE R
21.89 ~31.49 kN,

AR 20 B F A 2B 26 T AHE Y, h
TR B A R A A A R JE R A [R) 12 47
N ETEIRA R BT i) 758 22 T TE | H LT 4544 1) 2
T I 2 A T DX, A STk 5 A9 45U e i —Fb T
oL, PRI, 7ESE PR AR v, BB X FL A B 2 R A 4 A
AT R 34T



553

W
(223
119_‘%
4
tH

o K B e 22 TR LB S

2021 4 10 A

S Wk

(1]

(2]

(3]

[4]

(5]

SRy, ML, TR, AF. FARARRILEEFE SRS L]
VYR ACIH R 2244, 2018, 53(1) : 1 -14.
JIN Xuesong, WU Yue, LIANG Shulin, et al. Mechanisms and
Countermeasures of Out-of-Roundness Wear on Railway Vehicle
Wheels[ J]. Journal of Southwest Jiaotong University, 2018, 53(1) :
1-14.

TH=, Bont, BRI, S5 U A R O [ G 7 K S
[J]. #kiizdi, 2010, 32(5) : 30 -35.

LUO Ren, ZENG Jing, WU Pingbo, et al. Simulation and Analysis of
Wheel Out-of-Roundness Wear of High-speed Train[ J]. Journal of
the China Railway Society, 2010, 32(5) : 30 - 35.

TRE, HBbR, GrrAn. A e IR Ok R R A AR 1)
FaEERysEma ()], DL LFEZA 4, 2008, 44(3) : 50 - 56.

Zhang Xueshan, Xiao Xinbiao, Jin Xuesong. Influence of High Speed
Railway Wheels Ovalization on Vehicle Lateral Stability[ J]. Chinese
Journal of Mechanical Engineering, 2008 , 44(3) : 50 —56.

WU Xingwen, CHI Maoru, WU Pingbo. Influence of Polygonal Wear
of Railway Wheels on the Wheel Set Axle Stress[ ] ].
Dynamics, 2015, 53(11) : 1535 - 1554.

B ERZWIVA B RBLEME A AT [ D],

Vehicle System

(E#EF 72 )

Sk

(1]

(2]

(3]

(4]

(5]

PNELAR, APh. U o Bk I A TR R BEORARMERT ST ).
HOE AN, 2009, 49(7) : 5 -10.

SUN Honglin, LI Dan. Study on Main Technical Standards of
Earthworks of Beijing-Shanghai High-speed Railway [ J ].
Engineering, 2009, 49(7) . 5 - 10.

Fik, ®ETE, . E SRR 6 718 Sl R BE T BT

J1. BREETFSEALN A, 2012, 21(11) : 12 -13.
WANG Jin, GAO Dunsheng, LI Bin. Simulation Study on Distance

Railway

between Centre of Tracks to High-speed Train at Parallel Movement of
Same Direction[ J]. Railway Computer Application, 2012, 21(11) .
12 -13.

TB 10001 ~2016 #REFEEIER LS ].

TB 10001 —2016 Code for Design of Railway Earth Structure [5]
JEIE, SRR, ATIESE. R O AT P A R A R R A )
WEFELT]. R BREK A, 2019, 10(3) : 73 -77.

ZHOU Bo, ZHANG Liang, FU Zhengdao. Research on Replacement
Thickness of Soft Rock Cutting Subgrade Bed of High-speed Railway
with Ballastless Track [ J]. High Speed Railway Technology, 2019,
10(3): 73 =717.

TB/T 3352 - 2014 AR JCHEPLIE A IS S].

TB/T 3352 —2014 PSD of Ballastless Track Irregularities of High-
speed Railway [S].

(6]

(7]

(8]

(9]

(7]

[10]

[11]

R VRIS
LI Ling.
Linear Motor Vehicles[ D].
2010.

R, WY, G, B EREZDIVA EWIBTTE 2R

W [J]. 3CEskm TR, 2011, 11(3) : 47 -54.

WU Lei, ZHONG Shuogiao, JIN Xuesong, et al.
Polygonal Wheel on Running Safety of Vehicle[ J]. Journal of Traffic

K=, 2010.
Influence of Polygonal Wheels on Dynamic Behavior of

Chengdu: Southwest Jiaotong University,

Influence of

and Transportation Engineering, 2011, 11(3); 47 -54.
FHigd, S, WRE. SESFE R 2R AR R B ) )
sem )], BRiE2ER, 2017, 39(10) : 26 -32.

YIN Zhenkun, WU Yue, HAN Jian. Effect of Polygonal Wear of
High-speed Train Wheels on Vertical Force between Wheel and Rail
[J]. Journal of the China Railway Society, 2017, 39(10) : 26 —32.
T, TAF, XM, 4. CRTSI BAR K CHELIE R G H A
[J]. W E4EE, 2017(8) : 11 -15.

WANG Jijun, WANG Meng, LIU Weibin, et al. Technology of CRTSII
Ballastless Track System[ J]. China Railway, 2017(8): 11 —15.
. - PUERES S0 RO [M]. Jbat: Bl
#k, 2015.

ZHAI Wanming. Vehicle-Track Coupled Dynamics ( Fourth Edition )

[ M]. Beijing: Science Publishing House,2015.

KA,
[J]. BB ,2021,12(2) 108 - 114.
ZHANG Dongqing, LI Anhong, XUE Yuan, et al. Study on Subgrade

ZEPE, BEIC, 45, 400 km/h iR K R PR 45 44 BF

Bed Structure of 400 km/h High-speed Railway [ J].
Railway Technology, 2021, 12(2) ;108 — 114.

High Speed

ZEPh. U R e TR DU B ROR [T BT
£, 2010(3) : 195 -197.
LI Dan. Control Technique of Subgrade Engineering Settlement in

Beijing-Shanghai High-speed Railway [ J ]. Subgrade Engineering,
2010(3): 195 -197.

BUR. i R B AT o 9 B sl ) o
[D]. J#R: PIRIsCmRE:, 2003.

LUO Qiang. Dynamic Performance Analyses and Experiment Study

R 23 BT S AR IR AT 5

on Bridge/Approach Embankment of High-speed Railway [D].
Chengdu; Southwest Jiaotong University, 2003.

T, R, U, SF. JUREGIUIE R AR B 48 o I i 5 Bt
ﬁﬁ%‘fﬁﬁﬁ?'ﬂﬁﬁﬁﬂﬂ- RO ,2021,12(2) +33 - 38.
LUO Qiang, XIE Hongwei, LI Anhong, et al. Analysis on the Impact
of Ballastless Track Base Slab Disjoint on the Dynamic Performance of
Subgrade-bridge Transition Section [ J ]. High Speed Railway
Technology, 2021, 12(2) .33 -38.

TB 10621 ~2014 Sk RELS .

TB 10621 -2014 Code for Design of High Speed Railway [ S].

TB 10025 —2019 k5L S PEh it S].

TB 10025 —2019 Code for Design of Retaining Structures of Railway
Earthworks[ ST.



