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Study on Rail Cant Setting Considering Dynamic Changes in Wheel Profile
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Abstract: In response to the problem of setting rail cant under the dynamic changes of subway wheel profile, this paper measured
the wear profile data of LM wheels at four operating mileage, established a subway vehicle system dynamics model, and
analyzed the influence of rail cant on the vehicle’s straight-line stability and curve passing performance considering during the
dynamic changes of wheel profile. The entropy weight method is used to comprehensively evaluate the dynamic performance
of the vehicle, and the optimal rail cant setting scheme is obtained for straight lines and curves with different radii considering
under the dynamic changes of the wheel profile. Research has shown that when a vehicle is running in a straight line, the coupling
of rail cant and wheel wear profile has a more significant impact on lateral stability than vertical stability. The dynamic changes
in the wheel profile exacerbate the impact of rail cant on vehicle stability. During the curve operation, when rail cant is constant,
the vehicle’s curve negotiation performance first deteriorates, then improves, and then deteriorates as the wheel wear profile
dynamically changes; When the wheel wear profile is constant, as the curve radius increases, the influence of the rail cant on
the vehicle’s curve negotiation performance gradually increases. Taking into account the dynamic changes in the wheel profile,
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the optimal matching of the outer/inner rail cant for straight, R300 m, R400 m, R500 m, and R600 m curve is (1/30, 1/40),
(1720, 1/20), (1/20, 1/40), (1/40, 1/40), and (1/40, 1/40), respectively.
Keywords: subway wheel; rail cant; wheel profiles; dynamic performance; entropy weight method

T4 RYE, NPT E R B YIRS
BRI T, SUROR B A R A5 RN
B R [ BE (R, 8 Mo S i A= 0 3 g 2k
BB AEfe MY M R O s B e ke v, JE T s )
BRHM ) D) BE, ARURILIN B R AR k. R,
TIF BN 75 20 B RE TR T G R4 80 ) 2 PERE TN 3
M) Je e RULHL, X A0 YEAE ORI ROk i e vk S el
(R

ST R AR OSSR BRI RE I, KR o2
HRFSE R ZE R B VR AT 5, 2N LM b
WERYTT o FT AR PIBET T LM AL R T B 1/204
1/30+ 1/40 SR AE T, S filks k. 174 %
AWk IR R S AU R T, RN AN
WE 120 PURHA R T I 408 N AR 2 240
SN TR R B AR R, BFUR L LM A
5 1720 HURIEC A N R B s i S e
FURILINZ 4 AT T LM BLHAEFURICN 1/40 LT
PR S R4 s HREECITTTT T LM 2 R e AR AR U
FAF R ARSI AN, AU FE. IR, K
LI INIMNEI I3 25 BEAR AR i Sl ek P s (T4l
U5 R B0 LM BT ZE ANV B 1740, 3L
BURICR 1/20 5L 1/10 FT5 5L T A8 25 I OE 50 2R S 11

0y 244 K LMAL LMD, S1002 Z5krUE 4471
T, WFILT Sl A5 A E AN R BRI 3 B 4 N )
B AR AR T S IESY T LMA AU
N IR AN AR B FERT 22 A, $2 i1 1/40 SHRRBUR
AT B FLESPWIIT T LMD M5 AR
[F) R VI B PRI 42520 D F PR RE R BRI ]
PR A &7 3G FE 51 A2 M R IS8 A0 T b vk L B
1/40, AHAE 225695 55 $a B0 AR HE PR AE =3
SEA/NI SR TR ST T LM A S1002 A T 7E
ANFBRIE A T I8 ik Re, AR R AT H 2k
BeR 1720 BRI B89 sk /> S5 KBk F g, i e i
25 B CR T 1/30 BB 3k LAk A3 30 47 I ZE5E AT
SPRRPE

gi LATIR, [ A SR R A T S R R T
BCHEAT 1) Z AL, 2 34EF LML LMA, S1002
S WZERS IOARUERL [T, (HBHAEISAT AR N, 7E
BESFEA B, bR S R AE S AR, 5l

ERC AR VE X AR B)) ) e Re I ARt . DRI, 6
PURIBCHATRIE TN, 75 B R REAs AT ARG 5 A 1
RTINS ALAR N, BB TR 4B IR
TR S HE

A S LM 240 2 1 3 A AL Ak R SR
S TIRAC BT, BB 9 FhAEXTFRBURI AN 4 B
IS AT AR N IR0 AR T, DO AR EFR bR
VR A E 2 AT VERE IO PR AR E , LRSI 1) )
REMEN . RS R X A
RPEAESREOE N A th el e PR FR AR, WEST
AT I B AT BRI 2R B ) 2 PR RE IR 52 e
iy RARIBGEN S FRPR IR AL B, T 5AN ]
LS YT N OB ) RS o8 2 T | DA i
BT R A UR I 3R
1 Ei-SUBREE sl )i ARy
1.1 HHFERE

MRS PR 1) B S 4L, 5 SIMPACK XA
BB AR, W 1 PR BREARLEEE 1 AN E
Ry 2 MR A AR 8 AN — REBHERGH
TARBHRG . R EERECN 0.4, PHIEIT
CHNG60 %L, #UEE N 1435 mm, ZEECRY LN LM %Y
B, RS HORE WL 1,

CRENEE s et

Figure 1 Vehicle dynamics model
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Table 1 Main parameters of the vehicle

B R AL

R E kg 33 859
R R A Z) B2 kg m? 73 105
FARE LD R F/kgm’ 1157173
ZAR3E K H IR B kg m? 1171980

MR /kg 2103
M B R ARSI B kg m? 1333
MR Bk EEFH R F kg m® 864
MR K 23 1 B /kg-m’ 2131

st E kg 1018
AT R # 3 BB kg m? 546.7
et &k H# B # kgm’ 75
B3t 3 Sk HE R kg m’ 546.7

x2 HMREKTIR

Table 2 Rail cant conditions

I shan 7
1 1/40 1/40
2 1/30 1/40
3 1/20 1/40
4 1/40 1/30
5 1/30 1/30
6 1/20 1/30
7 1/40 1/20
8 1/30 1/20
9 1/20 1/20
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Figure 2 Wheel profiles with different mileage
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Table 3 Main parameters of four curve sections

¥ #E/ A%/ BF Rwg Eih AL/ RdH/
(km/h) m W& /m m W&/m  m m
300 60 250 50 400 50 250 0.120
400 60 250 45 410 45 250 0.105
500 60 250 35 430 35 250 0.085
600 60 250 30 440 30 250 0.070
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Figure 3  Stability indices
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Figure 5 Wheel/rail lateral contact force
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Figure 6 Derailment coefficient
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Figure 8 Outer rail wear indices
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Figure 9 Inner rail wear number
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Figure 10 Wheelset lateral displancement
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Table 4 Weight coefficients of each index for linear lines

Lk FEBE  FEMAM  RERZE%
ey AL 0.948 7 0.0512 73.00
& oy P A& 0.9812 0.018 7 27.00
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Comprehensive scores of straight line

Figure 11
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Table 5 Weight coefficients of each index for
different curve radii

W £ 42 /m Lo BRI 15 ERUAE AERZR/%

®BHMESH 08683 01317 23.30

B AZ 07919  0.2081 36.81

300 BERBEE 09492 00508 8.99
B E 09466 0.0534 9.45
SNLEFIE R 09108  0.0892 15.77
MBI 09679  0.0321 5.67
BHAEE S 09275 00725 18.33

B A 08914 01086 2745

200 HEREE 09591 0.040 9 10.34
A E S 09312 0.0688 17.39
SMELEAESSE 09418 0.0582 14.71
AHBFEIEH 09534  0.0466 11.78
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W £, F12/m Ei-F ol FEBE SEMAME T EB/%

BHME A 09429  0.057 1 16.05

BLALAE 09329  0.067 1 18.88

s00 HEFREE 09584  0.0416 11.69

S E 09452 0.0548 15.42

INLBEAEISH 09335 0.0665 18.71

RHEASEH 09316  0.0684 19.24

MG 09476  0.0524 15.62

LA Z 09473 0.0527 15.68

500 BEREE 09195 00805 23.96

#atHEASE 09488 0.0512 15.24

ShHUEFEISEL 09553 0.044 7 13.31

MHBEFIEH 09456  0.0544 16.19
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Figure 12 Comprehensive scores of different curve radii

N EEEAT o B RN -1 R I #A, R300 m it
AR, BURHCA(1/40, 1/40). (1/40, 1/30). (1/20,
1/30) (1/40, 1/20)~ (1/30, 1/20). (1/20, 1/20)iFfH
RO LG -85 K Ry, R HA
(1/30, 1/40). (1/20, 1/40). (1/30, 1/30)f (%5153
SYEWIE R R AR — e i, REE 2 ARy
K BRI T-ZR-515 7 52 W (R R L 8 A K

FEF—2PAR g, LI 45 R b 25515300
R4 ) 2 R AR R I, S5 R ILEK 6.
4.3 BHZEFHTmMIEREIT

FRAE TS 45 R LA S (6) T 519 B H 2k 4 T &
THHPPRTERELR B9 A T 13 RE AN R 4248 B
FERNH AR, 70 i AN RURSE S 4 Fhge
REFMMSGAS MR F%, Wk 7. PHSEL1S
A, ULEHZER ARG . R 7 TA: HERA
PER, SFZREAT 0 BRI 450 3) ) 27 1 R d ) 1)
HURH R E N (1/30, 1/40), XEMWE, AEFERAMY)
BT, b WEURBCA(1/30, 1/40)), A4 11)F
FatkimtE.



R6 FRMEFETEERERYEMEASENIREK
REEHBS
Table 6 Optimal rail cant settings and comprehensive
scores for wheel wear profiles at different curve radii

WEFEm  AHEE RN ARSRE S5
So 1/30, 1/30 0.16
S 1/20, 1/30 0.22
300
S, 1/20, 1/20 0.17
Ss 1/40, 1/20 0.53
So 1/30, 1/30 0.29
S 1/40, 1/30 0.33
400
S, 1/20, 1/40 0.18
Ss 1/20, 1/20 0.56
So 1/30, 1/30 0.36
S 1/20, 1/40 0.45
500
S, 1/30, 1/40 0.18
Ss 1/40, 1/40 0.39
So 1/40, 1/30 0.38
S 1/20, 1/20 0.45
600
S, 1/30, 1/40 0.24
Ss 1/40, 1/40 0.34

x7 HEEFHTRIRKTHAZSES
Table 7 Average comprehensive scores for rail cant
settings under straight track conditions

Z R @y So Sy S, S3 FHESF S
1/40, 1/40 0.56 0.28 0.14 0.09 0.27
1/30, 1/40 0.55 0.22 0.12 0.01 0.22
1/20, 1/40 0.44 0.13 0.30 0.23 0.27
1/40, 1/30 0.57 0.27 0.22 0.16 0.31
1/30, 1/30 0.55 0.21 0.18 0.13 0.27
1/20, 1/30 0.45 0.17 0.43 0.38 0.36
1/40, 1/20 0.56 0.28 0.48 0.50 0.45
1/30, 1/20 0.53 0.27 0.54 0.54 0.47
1/20, 1/20 0.47 0.41 0.72 0.79 0.60
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Figure 13 Average comprehensive scores for each rail cant
of different curve radii

5 5

DA 50 IS 1HD S SN Kt S e, o S7 I Bk 7
IR, BT 9 BRI . 4 FhAERS B RE AL
HIS P TH0, F3 BT ZE50 BT 2 2828 I BRI o0t
TN E LT AR A i T PR RE RS A R
BOEXNT FIRFRARBEAT INBGRAN, Tk 4= 5)) ) 27
PERELERE1T 5y, MRS HE AR
PAR N FRURIE B FEULAL, BALs iR R

1) FEREZIEATI, 5 FRERARAL,
JEC IR ZE 260 S 2R TGS A o) PR i b 2 i 2 5 B
Ko BB T BEROIE N, FARmh S, 2%
B Ss, BRI 1) VAR H bn R [ P AR MR AR 1)
SEMERHTAR R, 3 R A BN AR & I E R b
X B ASVE R AR IR M B

2) AHFEIAR R ANPUR Y TOL T, B ik r1e
BOK, RexI iR A EFE IR HOE W, AR
PN S-S S DN EE RS N ) SE
PRI — e, BEAISAT RN, ZERe AR I
A, VERELREIG SRS RN R R, B
595 11 el o R S 2 S A AL AR EE RN
B, A IZPEARIE O, PRI T AR5 th 42l
TP R IR 5 R R R R T AR K

3) WRABRRIBGET EABIA R AR BEFERL N 1)
WLEE154y, HEk. R300 m. R400 m. R500 m. R600 m
M TH0 N, 2 50 AT B AT Y. (1) fe A/
LB B DT B 23 51 4 (1/30,  1/40) (1/20, 1/20).
(1/20, 1/40). (1/40, 1/40). (1/40, 1/40).

URBAN RAPID RAIL TRANSIT 121



ETHREIZE - 3835 F3H 2025F 6 A

P

(1]

A, X kA Wkl LB B AT[T]. AR AL
i, 2005, 18(4): 134-135.

PAN lJianjie, LIU Hongtao. An analysis on the curve track
side abrasion of metro[J]. Urban rapin rail transit, 2005,
18(4): 134-135.

AR, RE, FAE, F. W IURIEA £ SRR
FE 00 vl B R[], AR MR LA, 2023, 36(5):
93-99.

ZHOU Guanghui, ZHAO Lei, FANG Shuwei, et al. Influence
of subway rail cant deviation on rail corrugation and its
adjustment[J]. Urban rapid rail transit, 2023, 36(5): 93-99.
k. F R PRI X B AT AR R @ L A
#9355 [l]. IR, 2022, 48(5): 104-109.

ZHE Chenglin. Influence of rail cant on wheel-rail contact
and rail surface force in small radius curve section of heavy-
haul railway[J]. Railway investigation and surveying, 2022,
48(5): 104-109.

Fem, FF, R, F.OATERBG S N £
AR B A ()], P E4kiE A, 2018, 39(3): 71-78.
LI Jincheng, LI Fu, XU Kai, et al. Research on wheel/rail
matching of metro power vehicle under wheel damage[J].
China railway science, 2018, 39(3): 71-78.

S, B3 Z R HURIE AT IE B Rk S B AR AR
#)3%m AT[T]. AT 3B K S 4R, 2019, 43(6): 25-33.
GAO Ya, SHI Jin, LI Kefei. Influence of rail cant on wheel-
rail contact characteristics of operating metro[J]. Journal of
Beijing Jiaotong University, 2019, 43(6): 25-33.

B, T, R dEAPARBURIK ST 530 A
M) 2kl IS, 2020, 60(6): 144-147.

WEN lJing, YU Hao, CHEN Rong. Dynamic analysis of
metro vehicles considering asymmetric rail cant condition[J].
Railway engineering, 2020, 60(6): 144-147.

AR, MR, RN, . gkl &R B AR SR
Y T A LI B AR P 6 Foom 7). P B 4k A5, 2021,
42(3): 37-46.

REN Dexiang, TAO Gongquan, WEN Zefeng, et al. Influence
of asymmetric rail cants in metro curves on wheel/rail
matching characteristics[J]. China railway science, 2021,
42(3): 37-46.

IT. Bk K520 KRBT )], skii i s,
2017, 57(10): 124-127.

WANG Ning. Study on rail wear reducing of small radius

122 URBAN RAPID RAIL TRANSIT

(10]

(1]

[12]

[14]

curve in high speed railway station yard[J]. Railway engi-
neering, 2017, 57(10): 124-127.
AR, B, IR, F. PURIE T & ik £ 54T
A7 A 0% rall]. Fd sGE K F R, 2022, 57(2): 286-294.
DU Xing, TAO Gongquan, YANG Cheng, et al. Influence
of different rail cants on dynamical characteristics of high-
speed railway vehicles[J]. Journal of Southwest Jiaotong
University, 2022, 57(2): 286-294.
BETF, FE, BH, F BURSOTR P RIT A Z )
HF AL eFa[l]. 2k B HIRFHIEH], 2022, 42(6): 161-
167.
DAL Jiayu, LI Xia, TANG Wei, et al. Influence of rail cant
on wheel-rail contact behavior and dynamic performance[J].
Noise and vibration control, 2022, 42(6): 161-167.
Gk, FXE, HBEH. WM HE B TARMI
JRIRBALGGIT[I]. AR Hed 2@, 2006, 19(6): 57-60.
ZENG Xiangrong, LI Wenying, GAO Xiaoxin. On the
rail base inclination in urban rail transit project[J]. Urban
rapid rail transit, 2006, 19(6): 57-60.
B, R, BAhE, & AT ZRBSEENT R
IR R L] A RALEALR K F IR, 2023,
49(10): 2826-2834.
ZHOU Kun, CHEN Wenjie, CHEN Weihai, et al. Extended
subtraction speech enhancement based on cubic spline
interpolation[J]. Journal of Beijing University of Aeronautics
and Astronautics, 2023, 49(10): 2826-2834.
AR, K&, &4, F. AT TOPSIS #4hid X
B R M) B[], AR B ELAE, 2015, 28(4): 70-74.
JI Xiaohui, ZHANG Lei, JIN Jian, et al. Grading evaluation
model of urban rail transit network based on entropy
TOPSIS[J]. Urban rapid rail transit, 2015, 28(4): 70-74.
W, LK, IFIE, F. AT RERSHM-HARE
AR Bdm % 2054 FRIRTL[]]. &8 T kA3,
2023, 44(20): 239-249.
LIN Yamei, ZHI Hongxin, SUN Jixiang, et al. Optimization
of the ultrasonic extraction process of acanthopanax sen-
ticosus multiple components based on a coupling metho-
dology of analytic hierarchy process and entropy weight
method[J]. Science and technology of food industry, 2023,
44(20): 239-249.

(%% HEK=)



