5 414555 6 1] 7R 2l R Vol. 41 No. 6
2024412 A Journal of East China Jiaotong University Dec., 2024

XEHS:1005-0523(2024)06-0090-09

E T U EMBR RS AN SES
FENHERNTRENTR

H o f,fkTe
(AR AR A A A BRI L T 563058 Y07 5 330013)

FEE [ B8 4T ST s 2 51k 5 F AT A A HAL T B RS TF MR A 69 9 20, 32 th AR T S B R 5T 89 LR 6k
Fix | FE|EEHnE R E RPN EEN N FRAE, AR T YA N IFHEIAF AR R A RS0 Z AR E Ry
Wik EAE , 3 FEAF Simpack W S 3 F0 S AL ARt LR ESE AR T AT L RAL AL L A B E N
JB BBV M AL R R AR F R 3R T G AR (LR DB ERIEZ T EN RN A T EML A
26.2%, 7 EM2 A 17.9%, 77 EM3 4 162%, 77 EMI A mK ks, @i st me LA BF 2 FoFRME T ZHITH N5
At RN AER L AR R A — 5, il T3R8 T S [ B0 | T A 2GR Sk 5] £ SR T 5,
HEAS Bk ) B 0 S AR O AR A AR

KR Bk 7 & F AL B0 BRI R AR b LI B

RESES:U271.91 XHEAREE A

A5 AR H 2, &P ie. A TR B R AT R0 Bk P R AL R AT RN AT R[] e A RBREFR,
2024,41(6):90-98.

Research on Optimization Scheme Evaluation of Wheel-Rail
Equivalent Conicity for High-Speed Trains Based on Improved
Fuzzy Analytic Hierarchy Process
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Abstract: [ Objective] To address the lack of a comprehensive evaluation system for the optimization of equiva-
lent conicity schemes for high-speed train wheel-rail interaction, a method based on an improved fuzzy analytic
hierarchy process is proposed. [ Method] Fourteen evaluation indicators were selected based on key dynamic
factors influencing equivalent conicity and used to construct an indicator decomposition model. The improved
three-scale fuzzy analytic hierarchy process was applied to determine the indicator weights. Three equivalent co-
nicity models were established in the dynamic simulation software Simpack, with baseline indicator values com-
puted and dimensionless normalization performed. A fuzzy evaluation membership matrix was constructed to de-

velop a fuzzy theoretical evaluation system, and the comprehensive scores of the three schemes were obtained.
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[Result] The scores for the three equivalent conicity schemes are as follows: Scheme M1 scored 26.2%, outper-

forming Scheme M2 (17.9%) and Scheme M3 (16.2%), making M1 the optimal choice. Dynamic simulation

comparisons between two significantly different schemes further validate the consistency of the evaluation sys-

tem's conclusions with the simulation results, confirming the reliability of the proposed method. [ Conclusion ]

The proposed method effectively evaluates equivalent conicity schemes for high-speed trains and provides a sci-

entific basis for optimizing scheme selection.

Key words: high-speed train; equivalent conicity; improved analytic hierarchical process; fuzzy comprehensive

evaluation; wheel-rail matching

Citation format: XIAO Q, XU Z X. Research on optimization scheme evaluation of wheel-rail equivalent
conicity for high-speed trains based on improved fuzzy analytic hierarchy process[J]. Journal of East China

Jiaotong University, 2024, 41(6): 90-98.

(BB ) =l 8] 4 R R B sl ke 4%, el
KR HISE W HAET T T 74 R E Bl 51 4k
FEPEE ST St o R AR B i A
PR E R SR R R RS i 3 mm b
R S RISk 44 SCRE R RT3, 55K
HERE 5 50 ZEIE AT B A R 2 UIAH G, RGEF 5T
XFFN A Sy 2E R R i AT B X,

(BFFTBUAR ] 1 PR S 2227 38 X e 010G 2R ok
JEFF TIRAMESE , FE 3 P Bz Al OC R %9 42501 7
VR RE R R AR T 2 BLHe A IT SR 5
E. Wickens S CHAEE T 20 8l 7 2 A8 W5 T S
5 T 114 S RIHE B X A G e AT s sh R M Y R
Wl Polach™ I 1] Hopf 73 7 BE M 5 1 AFARICHE 2 T
FXTUEATIZ SISE N, $5 7R T Ao SR B S
WIS AR . 20 2 5m  LBOAS [R] 4258
BT Bl ) 2R 4R T AR IL R 40 AR S T
TEA TR o 5 B30 A6 O3 o R 2R B0 n 38 B 48 Bt
8T SR R, D DA AR LS . B XTI
Ve S5 A58 R J3E AN 5 BRI 0, 2 2 I A 8 S B S
SEECHRE S BT T A [ T A U R Y BB
Bl , I 38 2o P T 1) A MR ARAL T g W iR
sk Vg S5 O3 2 3 BT L Ak A7 B R AR AR, 5
AAEZR A Ak LA 250, vl R S e B DS g X6 4=
R ETERSE R . B 2R R RRLR & VT U7 1T, Mao
ZEOF) F CRH3 s J1 2 A 5 B, $2 L R 8 e
AR M R A R AR TR e A, 0T
e T AR R T B EERR A . Hao 257X} 4=
TS ASE N EAT R R S R AL, S AR AR L
SRR B PR S A EUB Y A b SR T e

BRSO IEAL . BTBAE T S R PR AR
b AR AT i S8R, OF LI BRI A 2%, AR
TR R BN B S AL T ik Y 25 5 o AR
FESEMR N Z U T E MBS G TS PR AR AL
@A IO S . SR IR, LA
F5E 2 R AR TR R S T8 4 8l 1y~ AP RE A 2
PR — AR E BT, B = RGN IEINHEZL
TEFRHERE DT Sk . BTN PR A 5 — 2 K
OIMTEE BT IR T IRCR

[T | LI AL R 4 PR 4, B T —
ANSEAE A S PN S A R R T RSN, T 3 b ST SR AL
HERE T00 , R B = Hr R ATIE R GRS
B 1R AR, 4R R P I B A 1 , 45
AR B X R T A TR S Ik

(S 58 P L ] W50 5 7 M ke v 91 42 SR P A3
HEEE PN A R B = RGN S LR MR ML, Ty
HEAPPO U SRS AR TR TR IR
[ K7 S o N Vil o W R SIS AR E S P S
T ECRE, B R RS

1 BREEESESITFNERGE

1.1 N ERS

SR B R AR B A AT B SRS, 591 4
N EMERE B VIM G . LREPEM NI 55 181 T 4
PE SERRMERIETIERE . et m e B R 5 5
T Y AT R SR [ R S o B A A OB AR
BT VR A B AT AN 6] 00T ZE R 1) in
B ARG CHLA 0 8l g 2 R R i S e 4 e
YL ) (GB/T 5599—2019) brifE i3 . &7 M8 45



N

92 R & OR AR

2024 4

BT IR 2 5 i MR R EE T2 B IR n 7
) (ISO 263 1) T4 . B PERES bRifh 2 ELZ A it
SRR NS IAE 2 O (LY SYeR csliibull R ST ¥ W & ity
W R I PEART,
1.2 =ZHRERRSE

JZ UK 43 #T # (analytic hierarchy process, AHP)
FH Saaty #2111 J&—FPfl A Pk 5 e A PR
I7ik HOE A RN o iR R GRS, A B
AT 5 AR, ) N T A, B Tk
TR 5 S I

158 LR B AE ST BCAR A I 5 5 A
SR | 5 RS A M I E 34— B . ek
X — Al SR A = bRk . faifb T
FIWT, BEAR T — BRI 2 242 B, R 3H 7 35
AR G T 2 HAR R n)
1.3 EFRHEEFRERNIENERIZIT

SRR R Al 1 9) 2R e 0 5 BT 2 fih 1 L AT
B X R R EE AR bR, HHUE & s e 2 38
G 4 L BB 5% 4 B M B 42 S R IR B IR 4

BT I I ST, BRI Bk B8 L0 T S5 S50 B
A S A R O FH M 32 b o B 53 1 e A 47
R 7y s O T (= 7 e
RRUARAE , 7EBR A X (8] N R4 T 3 Fh A5 R00CHE BE 7 2211
BERE | 5 m 5% S5 R0 JE X 8 ) 2 1 RE 5% i) 11 -
Mo, S8 B0RS 2010 58 BRI PR (R R A, BRI
FEUEN R .

VAR5 R 34 sl e, 3 0l A T
J T B EAR R B i A SR R 25 BT
Wi, AR X B ) 2 R AT 2R AT
AT S B 0 S580E J8 T Ze

2 BETFYHBERS T ESEMEFENEN
HEEITMIEE
2.1 SHEEHRIFMERIFL
21,1 #E A

SN AU B O T AN Rl )
TSR , (L E 8 iat T ) sh A RS E |
EPEMESE) o X A RE R U B K SR

National standard for Three wheel-rail
dynamic performance > equivalent conicity < Index selection
index conditions
] 12
Safety module Stability module Comfort module
calculation calculation calculation
Simulation
Data are processed calculation under
without dimensionality different working
conditions

Three-scale hierarchical
analysis model

v

Build a comparison
matrix

v

Determine the judgment
matrix and weight value

v

Determination of
membership matrix

Weight
determination

____________________________

Indicator
weighting
process

comprehensive
evaluation

Fuzzy mathematies
comprchensive
evaluation analysis

'

Determine which
equivalent conicity
scheme is the bes

Fuzzy ¢

Program comprehensive
evaluation and
optimization

module

1 SRITNERSERE

Fig. 1 Overall process of the comprehensive evaluation system



ol

HoOEL, A T ORI E TR R A 4 A U AR AL T S TN DTS 93

FEVEUT S50 K 2 43 AUk )2 48 bn (e Ak
W) R SR AR PR — 2 i A T A2 48 b
GEfE H) , #JZ R TEIEN RN 2 R .
2.1.2 B T
SLIEU Nt Y5 =21 1 )[R FA N DA K% 1= il [2]
1) LR
X=(xX,) 5j=1,2,3,+,n (1)
0, TEPRHLH EE
x, =1l fEEHSHRSEE  (2)
2, HEPRHILH EE
4 x, =1 BF, RI4EFR F B i E 2t A I
2.1.3 IR EENHIT R
FI X0 A T AR 1 e HE T g,
9= zn:x/ (3)
3 (3) T B 56 i S AR 1 B A 52 i R 145
AN RS A Y g, B R g,,., g, TR
53 BB E A e e i A AR A
2.1.4  FHHCHIBTAERE
KT R HATH AL X=(x,),., Fi1b Nl

Y:(yij)nxn’
q,~4; (
L (y, -+, 7:24q;
qmax_qmin ’
i~ qA—q.‘ (4>
i J
L (y - D=1, ¢ <q,
qmax - qmin ()}m ) q qj

A v, =Gl o ZAXS F IR E L AT
v WA, B4 TR RE, IR IR ¢ = G
PTG L HCARIE FH o
2.1.5 AN E,

AHP 3 H ok F SRk e/ — e ik L]
A VR [ ke i e A, AR R e T
JUfIsE s R (S 3R, i=1, 2,3, -, ne

. Un
wi{ny[j] (5)

2ot XA FEATRRUEAL T , o] ARG e X s A
AR W, ,i=1,2, 3, -+, n, W0z0(6) i7n,

W= (6)
2o,
W' =W, W, -, W) (7)

]

Derailment coefficient

> Operational safety E

E | Wheel load reduction rate

5 L

Critical speed Case 1

i e

Lateral stability index

E Operational stability [ E

Vertical stability index

' iy ; '
Systematic | > Operational comfort —

E E —:->| Lateral comfort indicator rating

evaluation of

Case 2

© | of wheel-rail { '

Tread wear

| equivalent E 1 E E >

conicity || ' oo

F
E E—§->| Vertical comfort indicator rating K
%
|

Wear rate

! ! T Wheel wear S

Straight track wear index

Resistance |

Curved track wear index

Axle lateral force

Lateral stability

‘Wheel-rail lateral force

i
. . . 'l/
Frame lateral vibration acceleration }

2 BRSHETEMEE

Fig.2 Analytic hierarchy process evaluation model



94 LN

b

SN S

Eiid 2024 4

S

Kb WA A ) R R
2.1.6 SRS 5

SR FH W R I 1) e KRR AE A, VE R IFE K
i, AT BN DS R A e . A
AW NN

S (X,
A = — (8)
max ; nm
j’max_n
Gi= n-1 9

A n REBHIWERE AL ; ¢ T ir &4 PR
WER—F k. 25 C > 0.1, 75 TR 2R B A R, 2
X 7 AR ) s B AL K R B C = CUR, o A5TE
TEAG LR C ABAL 0.1, JUL AT Sy — S50 AN G 222
3K R FIRBEHL— SRR EL, 2% L XA R, (H.

#1 REIE
Tab.l R;data
n 1 2 3 4 5 6
R, 0 0 0.58 0.96 1.12 1.24

22 EERRIEIFIRENLLE

LNk KRR ATy — Fiofs €t R AR B AL o RO
RS AR IR T 3, R AR BN TR] (A A of
PTT AR, Hevh , AR A8 i 2 7 L/ e o 2
SR b s Wi 1R TR AR 2 OO B B R FE AR . X T
JA TR , HARHEAL A ERIK R HT AR 24 5k
it

max(a,)-a,;

z,= - (10)
/" max(a,)— min(a,)
PO R ERRILE (1 TN AN /AN
a; —min(a,) (1)

%= max(a,)— min(a,)
sz, WA iP5 TR SRR T s o, S i il
Dy %8 jHRPRI SE PR . i AR vE AL Ab B, 153 H AR
SR8 BE A B« R 2k R BT T OR A B 0 B

Z,=(2,)0en o MHECERTE 5080 S F MRV A
IS EHITE Y (GB/T 5599—2019) , X EAa 18 brkn
AL AL
SERaPEFE bR H R A — ki8R
0.2H, H /<25
H={H -2, 2.5<H,<3 (12)
1, H =3

L2 DO NI KNI Dk o AR ELIEVA N
JER AT PRI AN 600 N/m, Bischs K

MEFEFR RN R, HE KA R, 1504 600 N/m,,
2.3 HEHIRIESITH
231 MY

AR EER P IS iR u, X T4 52
v SRIBEEFIRN 2, o BIIL, 2B i MR ZER SRR
WA RN Z,=[2,, 2y s Z,)) o HHIE, m DT
FEEZRTE n 5L SRR R R A PR o

Zy 2L, - Z,
7= Zy Zy - 2, (13)
Z. ml Z’mZ o Z‘mu

232 BIMIBCELRETTH

i3 R A S A 3 1 2E PR AR A E T
W B R DA R R 4 A5 B 0 SR B R B, 15 H 2R
FECRE BT A

le le °te n Wl
G=ZW" = Z.m Z.zz Z.Zn :I/Vz (14)
Zml ZmZ Zmn Wv"

LI 5 R4 G = S, W

LW BRI S WA T B NLE AT
G=(g. g g +++» &) PEIT IR 1 19 77 FE X o7 1) S5 8
JEE R Ry SR AR
3 SERINERNENEEFRTENMHAR
31 FEITERIREZE

e fifi ] Simpack 8l 1 F 3 EA T 05 B TR,
FE VAT S5 30U HE B X 371 2 ) ) 2 1 B 1) 52 1] B A 4
RO B O —AE . S s T BHERS S
BOAHXTRRE , AR50 1 SR 2 Bt A 7 3 LR o ot A
b, B WG E S sh 1248 B, I, 1k
B 3 42 41 4 45 1) LMA #5187 5 CHN60 44 DL e,
R CEE R BT TR I 38 ) (UIC 519) A S5%
BERE 2R RIHELA R TR LR T 91 4245 AR Al sk
HERE AR AN 3 AN 4 BT o

MKHRE A5 A5 R R A R, B BE 3 AL T - M
(0.126) \M2(0.152) \M3(0.16) . SZE bR I 25 1F
BB N YR 1:40, B0E 1 435 mm.,

BRI T IR E A L T |, 557,10 000 m
() 5 B, 0 50 T8 2 U s P B I A L
PR BRI B, 29 A8 4T 10 s, Bifl o 76 - W i 2k
AT, AR 30 s 5 R0 R AL e n SR DU 51 4



%ol HoOHC, AR R TGO 2 R TR A AR A R FE A T R PN AT 95
0.8
.l e g-égiﬁ tﬁ xR2 BAFERFETESE
’ —— 10.0¢+4 km Tab.2 Dynamics index simulation calculation data
0.6+ —— 15.0et4 km

—— 20.0e+4 km
—— 25.0e+4 km

Equivalent conicity
e e 2 e
oL =

T

e
=

(=]
LI

0 2 4 6 8 10 12

Wheelset traverse/mm

E3 AREBERTENEEHKITEER
Fig.3 Calculation results of the equivalent conicity curve
for different mileage

0.6

—&— 5.6e+4 km
—0— 10.0e+4 km
| —A— 15.0e+4 km
—w— 20.0e+4 km
—&— 25.0et+4 km

< o
~ [
T

<
w
T

Equivalent conicity

Axle number

B4 FREERTHAE

Fig. 4 Scatter plot of the equivalent conicity evolution

I SR FeURR R ) LR S FETR
B A HRR Sl 0 o B 45 B ) 2EdE bR B e R B 4 L
260 km/h iz 5 3 i 3 o H 2k B B AT BT R
SR PRI 45 SR T S B, SR FH 4% I S A3 P
Jily , A7 ELB RO 30 s5 2k 00 1, 3 8 B o
260 km/h, 423 500 m, #8755 110 mm, ZEFIH142 350 m,
B HH 2% 1 000 mo Z55 I, 75 8 8l Jy 2448 A fh BT 5
BAEanR 2 Fios o
32 RMEREEARWE
3.2.1  HIWTAERE K hRIAL

B LR 148 B T 2k G2 TR
PE GBITEPIE B R ESAE S M BRI RE M 6 K

Index M1 M2 M3
Derailment coefficient 0316 0.232 0.267
Rate of wheel load reduction 027  0.384 0.369
Critical velocity/(km/h) 510 600 516
Lateral stability index 1.8 1.6 1.4
Vertical stability index 1.82 1.85 1.81
Lateral comfort index 1.523  2.100 2.436
Vertical comfort index 2.02 2.02 2.02
Tread wear/mm 0.3 0.7 0.5
Wear rate(N/m) 186.7  306.9 252.6
Straight track wear index 5.169  8.633 9.023
Curved track wear index 90.178 110.627 100.032
Wheel axis lateral force/kN 6.387  6.832 6.896
Wheel-rail lateral force/kN 3.16  3.296 3.183

Bogie lateral acceleration/(m/s’)  1.513  0.858  1.360

2o ARAE R A AR RN = AR B )2 R A M A
a8 D3 S22 0 FO A B, 5 B 1K) R o e v
IR ATBC . A LU BRI — AR AL B TR 2
FIFE AR 2 A [0 5, $E— 2D At e 45 S A B 7 58
P2 RPN, N 3 iR . ALEE KT RAE
AP L AR AT HEY O SRR T
A TEM RS
3.2.2 OISR B

XFF A0 G- Fat AT IS B R SRR B ol R A
FE AR RR , R ENE sRBGE B A BIFE bR i JC 2 40 AR
e, 455 0(13) SRR R R 4 R
3.2.3  BUIZEATTEH

5 BRI A0 R B RN AR B S, I TR 25
B HIWER R 2. S ER T 3ROSR 454
HEE I 1B 12 E RS oy Bk B

G=Z(,iWT =(0.375,0.277,0.100) (15)

W= (15) iR, 45 A AU 1) & 5 10 SR R R
e, S 5 REA BRI 0 G, 25/ 45 3 Fh
SERUHE B VA T ZE R B 43 50 T ML R
26.2%; T M2 M 17.9%; T EM3 N 16.2%, W7
BB TN I ZEMI> T M2> T M3, 5
HEJE S ML, B 42 10 8 2 R A T IRt



96 LN NI T NI e K 20244
®3 RREEFNETEER
Tab.3 Calculation results of the decisionlevel index weights
Operation safety Running stability Running comfort Tread wear Resistance Lateral stability
0.398 0.216 0.168 0.051 0.064 0.103
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Tab.4 Membership of the dynamics indicators of each

equivalent conicity scheme

Index M1 M2 M3
Derailment coefficient 0.139 0.266 0.155
Rate of wheel load reduction ~ 0.297 0.013 0.039
Critical velocity 0.850  0.936  0.867
Lateral stability index 0.360 0.320 0.276
Vertical stability index 0364 0370  0.362
Lateral comfort index 0.375 0.138 0.012
Vertical comfort index 0.023 0.023 0.023
Tread wear 0.571 0.363 0.286
Wear rate 0.398 0.027 0.167
Straight track wear index 0.427 0.098 0.040
Curved track wear index 0.185 0.274 0.096
Wheel axis lateral force 0.017 0.867 0.493
Wheel-rail lateral force 0.041 0.310 0.034
Bogie lateral acceleration 0.087 0.433 0.101
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Fig. 5 Radar diagram of the dynamic indicator scores
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Lateral stability index 0360 0320 0.276 0.162
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Tread wear 0.571 0363 0.286 0.013
Wear rate 0.398 0.027 0.167 0.038
Straight track wear index 0.427  0.098 0.040 0.048
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Bogie lateral acceleration 0.087 0.433 0.101  0.011
Index 0.262 0.179 0.162




%ol MR, AE s RET RGO 2 U o Aot R S A AR A R FE A A D SR IS 97
. 2.9 a 2. - —
zg Equivalent conicity 0.23 E | 2 — Equivalent conicity 0.23
- S e >< | —< Equivalent conicity 0. £ L Equivalent conicity 0.56
-§ —»—Equwalent con@ty 0.23 < L Equivalent conicity 0.56 E : 0
£ 241 —<+—Equivalent conicity 0.56 R= o5l oK § 1.0
223t 20 5 05
E 02t f23t g 0
27 7]
Z 21F = £ -05
= 21 Z
2 20t g £ —1.0+0
~ 1ot > 197 Z-15F
1.8 1 1 1 1 1 1.7 1 1 1 1 4% 72.0 1 1 1 1 1
45 55 65 75 85 95 105 45 55 65 75 85 95 105 - 0 5 0 15 20 25 30
Time/s Time/s Time/s
(a) Lateral stability index (b) Vertical stability index (c) Bogie lateral acceleration
650 4.0 1.0
600 é 351 = Equivalent conicity 0.56 = —=—Equivalent conicity 0.23
= [ 8 —e— Equivalent conicity 0.23 £ 0.8 - —s—Equivalent conicity 0.56
£550 £ 30r E=)
= B S -
g 500 § 25 g 0.6
2" 450 —20r S L
= E E 0.4
:E 400 i TI) 1.5F .5
S ‘ ’ 2 2 02}
350 ! 1 g10f A
| |
300 1l 1 1 1 \ 1 .5 1 1 1 1 1 1 1 1 1 1 1 1
0.1 02 03 04 05 06 07 190 210 230 250 270 290 310 330 190 210 230 250 270 290 310 330
Equivalent conicity Velocity/(km/h) Velocity/(km/h)
(d) Critical velocity (e) Wheel rail transverse force (f) Derailment coefficient
2.00 2.20
1.95 F (300,1.92) w 215k Equivalent conicity 0.23
.“;’ 19O F """~ § 2'10 | —— Equivalent conicity 0.56
= £ 2
E 85 %‘ 205}
S 1.80 [ ) 2 |
= I £ 2.00
g 175+ 1(300,1.83) &
3 I ° 195+
2170 | E
% iest : 2 1907
5 1.60 Le—Equivalent conicity 0.23] = 1.85
1.55F —=—Equivalent conicity 0.56 1.80 -
1.50 1 1 1 1 1 11 1 1.75 1 1 1 1 1 1 1
190 210 230 250 270 290 310 330 350 190 210 230 250 270 290 310 330 350
Velocity/(km/h) Velocity/(km/h)
(g) Lateral comfort index (h) Vertical comfort index
E6 ARARTIHNFIERESR
Fig. 6 Differences in dynamic indicators under different schemes
4 it 0.56) , [ B R 2 W, 78 300 km/h T3 T, Ak i
e e JE0.23 KRBT 0.56. LR PRAIRIAL A5 7373
1) 255 k) ) A6 AR , 1 — P S RUHE R 7

LNV i o BT ok () =R BE 2 R 43 Bt
X2 PSR R FRIAL , R FHG N s BCRIRE 2 H b )
— Al b B A BRASORY SR A R RO 25 S 1T
PR

2) MR SN A e B A 3 2H AR AR
D5 B S H 3 Fh O ZE AN N PR AR M, 45 A L b A
WZ R AT AT L B TR 5 3 b R LE &
Pl H . 7 R ML N 26.2%, 7T M2 M 17.9%, 77
ZEM3 4 16.2%,

3) BT A AN B 25 S I 3 Y 52 (0.23 F11

S8 0.390 F10.132, — FAH—3%, LI R AR fE £
ARSNGB B R B e, B TR
FIE

B E 3k

(1] T4, ez, i, 55 Sl A AN Tm) s 1 25 A0 A
SR SE R T[], B4R, 2013, 35(9): 19-24.
GAN F, DAI HY, GAO H, et al. Calculation of equiva-
lent conicity and wheel-rail contact relationship of differ-
ent railway vehicle treads [J]. Journal of the China Rail-
way Society, 2013, 35(9): 19-24.

WICKENS A H. Stephenson's 'long boiler' locomotive



N

98 R E K

i 2024 4F

(9]

(1o &

[11]

and the dawn of railway vehicle dynamics[J]. The Inter-
national Journal for the History of Engineering & Tech-
nology, 2017, 87(1): 42-63.

POLACH O. Wheel profile design for target conicity and
wide tread wear spreading[J]. Wear, 2011, 271(1/2): 195-
202.

¥, Tk AR, WSERE, 45, AR BRI AME MR 22 0 4
sl 24 B8 B2 A [J]. R IE 244, 2010, 32(1): 104-
108.

LI1Y, ZHANG W H, CHI M R, et al. Influence of wheel
tread profile and rolling diameter difference on dynamic
performance of vehicles[J]. Journal of the China Rail-
way Society, 2010, 32(1): 104-108.

P, R, Rk, A, PR ) 42 21 AR R P AR
AR R K B T~ RS (0], MUBR TR 2 4, 2022,
58(4): 191-201.

HOU M R, CHEN B Z, CHENG D, et al. Two typical
wheel wear evolution characteristics and influence on
dynamic performance of high-speed EMU[J]. Journal of
Mechanical Engineering, 2022, 58(4): 191-201.

FEEIW, VF AR, T, L MARIRE S A A iE TR
PR £ AR IR A 5T [T]. BRIEHL A 4240, 2017, 37(5): 1-5.
DONG X Q, XU Z Q, SHI F B, et al. The field test re-
search for running stability of EMU in bogie alarm[J].
Railway Lovomotive & Car, 2017, 37(5): 1-5.

K, g, M6, A MRS R LT S 3 )
SERESEVE T[], AR 2R A58 K2R R, 2021, 38(2): 88-
93.

ZHANG H, JIANG Q, XIAO Q, et al. Analysis of geo-
metrical characteristics and dynamic stability of wheel-
rail contact on LMB thin flange tread[J]. Journal of East
China Jiaotong University, 2021, 38(2): 88-93.

BE, /g, FHELL, 55 5T a8 J1 205 1
14 B AR B A T AR E MR SE (], b a8l Ko
2, 2011, 35(1): 44-53.

MAO J, MA XY, XI'Y H, et al. Research on the running
stability of high- speed trains under the cross wind by
means of simulation [J]. Journal of Beijing Jiaotong Uni-
versity, 2011, 35(1): 44-53.

HAO C, WANG P, XU J, et al. Investigation of transient
wheel-rail interaction and interface contact behaviour in
movable- point crossing panel[J]. Vehicle System Dy-
namics, 2024, 62(5): 1103-1121.

B, Wat, WA, A5 ARG s SRR E
B LT SE )] BRI 424, 2011, 49(9): 1-5.
JIA L, ZENG J, CHI M R, et al. The numerical simula-
tion research on judgment of lateral motion stability of
the vehicle system[J]. Rolling Stock, 2011, 49(9): 1-5.
AR, RERR, FI, 55, ST IR ks 4
R B LR G EFIE MR R[], BHesHoR S TR, 2019,

PEIEH]

19(36): 296-301.

LAI S H, CHEN C J, YAN L, et al. Comprehensive com-
fort evaluation system of metro passengers based on ana-
lytic hierarchy process[J]. Science Technology and En-
gineering, 2019, 19(36): 296-301.

[12] POLACH O, NICKLISCH D. Wheel-rail contact geome-

try parameters in regard to vehicle behaviour and their
alteration with wear[J]. Wear, 2016, 366: 200-208.

[13] YAOY, CHEN X, LI H, et al. Suspension parameters de-

[14]

[15]

sign for robust and adaptive lateral stability of high-
speed train[J]. Vehicle System Dynamics, 2023, 61(4):
943-967.

LIN H F. An application of fuzzy AHP for evaluating
course website quality[J].
2010, 54(4): 877-888.

LEE S H. Using fuzzy AHP to develop intellectual capi-
tal evaluation model for assessing their performance

Computers & Education,

contribution in a university[J]. Expert Systems with Ap-
plications, 2010, 37(7): 4941-4947.

[16] FEEI, AERTHL, V5 130, 55, SFER0CHERE it AR L MRt

KSEmanEsE )], BRIE 4R, 2018, 40(11): 91-97.

DONG X Q, REN Z S, XU Z Q, et al. Research on non-
linear characteristics and effect of equivalent conicity
curve[J]. Journal of the China Railway Society, 2018, 40
(11): 91-97.

FE—EE M (1977—) B, "B, WL LA

X2 7 RIS 2, B985 1) S LIE

H A2 A s 4

E-mail : jxralph@foxmail.com,

-

BIEIEE AR PI(2000—) , 5B B HRFTE A B9 1 Ry e
MRS WS 1124, E-mail:2723216354@qq.com.

TSR 3 9, R )



