2k H1 FmF AR
2023 41 A SURFACE TECHNOLOGY - 103 -

LLy 3t 3k i th % 1 3h/ 508 45 ¥ S Bt
SREN B B ) 5

R, P, 8RN, BEE ', &

(1.BRRBEAZ VIBSFEMILIEFE, SR 400074;
2E8RMYERE (E) BRAT, K 401120)

FE: BE LHORT AR T-F IR T LA IR K Bh & % 09 B e K345 5, LARNHLIE B 5] 20 8
S MR T WAk R B X R AR HIR B TS LI, PR AR R ARPLE ERE R Tk, FiE Bk, 44
PP L T 3l -H 3 ARG ATRTAER . RE, KA LRI ERFR T e 3t-Hil -6 3 24
o) B B AR S AL, S TR B R K 69 R B R M R e ARG AT AR . =B, A TRk,
KA 2 Fde Ty ARt AR BAT B ARG, IR A AR ik BT BRIk R T A R AR LR B de i Ak
R, ER RI-PE-FF) ZAABFE 2 AT ERIFIME, 554 653.73 Hz 55 584.76 Hz, H
653.73 Hz 89 A4 AEAA 34K, 4 46.53, s AR A @AM, KA ENAHRMEE R K 6946 5F-Hid )
R G AL TR, A 1946, AT ie R ABMRALET )G, KIAKALIS 09 Jo bk A B 3T-HiE - h) B A
GASFAAEEIREBD, K 049, & BT AALH ST R0 BB SER FEA ATl -H 5 R B
OIS, L LR sk B K AR A ERE A SRR BN R &AM A SRR E
Fotk BB b d= G R E A 36.2 MN/m, @ LR A 2 800 N-s/m, Aré Rl A 25 MN/m, &L 2 000 N-s/m
B AR A AP AR B B G T

KRR MHL R B AR, A4 RS AT; REEM; s BT EE

FESES: THII7 XBARIRED: A XEHS: 1001-3660(2023)01-0103-09

DOI: 10.16490/j.cnki.issn.1001-3660.2023.01.011

Effect of the Structure and Parameter of Brake/Track on
Rail Corrugation in a Mountain City Metro

CUI Xiao-lu™?, YIN Yue', BAO Peng-yu', TANG Chuan-ping", QI Wei?
(1. School of Mechanotronics & Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China;

2. Chonggqing Rail Transit (Group) Co., Ltd., Chongqing 401120, China)

ABSTRACT: Compared with flat city metro, mountain city metro has the characteristics of complex lines with large climbing

WRmEH: 2021-12-27; f&ITHH: 2022-03-27

Received: 2021-12-27; Revised: 2022-03-27

EEUH: BFXAKXMAFEALEERAD (52275176 ); ERTHEMAFHASMLAR EEAA (KIZD-K202100703 ); 8 TA2 5 AALE
AEJR T LA R E IR ( CELTEAR-KFKT-202004 ); ¥k &3 X A0 AAAF el # 77 B (CYS21360)

Fund: The National Natural Science Foundation of China General Program (52275176); the Chongqing Municipal Education Commission
Science and Technology Research Project Key Project (KJZD-K202100703); the Engineering Application Robot Chongqing Engineering
Laboratory Open Project (CELTEAR-KFKT-202004); the Chongqing Jiaotong University Graduate Research and Innovation Project (CYS21360)
EERN: Erst (1990—), &, M, #R, TE2HTH aHIERSE,

Biography: CUI Xiao-lu (1990-), Female, Doctor, Professor, Research focus: wheel-rail tribology.

Sl3c#gz: Ewess, A, @M, &, LR T Husk R S/ HE M A RN BLE B e )], A mAE R, 2023, 52(1): 103-111.

CUI Xiao-lu, YIN Yue, BAO Peng-yu, et al. Effect of the Structure and Parameter of Brake/Track on Rail Corrugation in a Mountain City
Metro[J]. Surface Technology, 2023, 52(1): 103-111.



- 104 - * wm #H R

2023 41 A

FEPRFESFHF K2 22 N o B Mk Ia AT R 5
ZHfe, HEE AL B C BUHERASRETE R T A
WX BB TEOR, JEHJRZR A AR VG R LU T

slopes and many curves. Its rail corrugation forms are more diverse. This paper is aimed at exploring the generation mechanism
of rail corrugation in braking section of mountain city metro, and proposing relevant control method of rail corrugation. Based
on the theory that rail corrugation is induced by friction self-excited vibration, the rail corrugation in braking section of
mountain city metro is studied. Firstly, according to the field investigation of Chongqing Rail Transit Line 10, it is found that the
rail corrugation with wavelength of 40-50 mm occurs frequently in braking section of mountain city metro. After that, combined
with the field investigation, the contact model of the wheelset-track-brake system is obtained. According to the contact model of
the wheelset-track-brake system, the finite element model of the wheelset-track-brake system is built. Then, the friction
self-excited vibration characteristics of the wheelset-track-brake system are studied by complex eigenvalue analysis method.
Furthermore, the influence of fastener parameters and surface texture of brake pad on the friction self-excited vibration
characteristics of the wheelset-track-brake system is studied. Two fitting equations are applied to fit the fastener parameters by
least square method. The root mean square error of fitting equation I is 3.99, and the root mean square error of fitting equation II
is 4.39. Based on the two fitting equations, the optimal solution of fastener parameters is obtained by genetic algorithm and
particle swarm optimization algorithm. The results show that there are two unstable vibration frequencies of 653.73 Hz and
584.76 Hz in the wheel set-track-brake system. Under the corresponding modes, both rails occur unstable vibration. The real part
of the complex eigenvalue of 653.73 Hz is larger, which is 46.53. Comparing surface texture and no surface texture of brake pad,
it is found that the real part of the complex eigenvalue of the wheelset-track-brake system with surface texture of brake pad is
smaller. Comparing different surface textures of brake pad, the real part of the complex eigenvalue of the wheelset-track-brake
system with regular hexagonal texture of brake pad is the smallest, which is 19.46. Comparing four fastener parameters, it is
found that vertical stiffness and lateral stiffness of fastener parameters have a great influence on the friction self-excited
vibration characteristics of the wheelset-track-brake system. Comparing fastener parameters before and after optimization, the
real part of the complex eigenvalue of the wheelset-track-brake system with the optimal solution of fastener parameters is
smaller, which is 0.49. In conclusion, the friction between wheelset-rail subsystem and brake subsystem leads to the friction
self-excited vibration of the wheelset-track-brake system. And it is an important factor to induce rail corrugation in braking
section of mountain city metro. Surface texture of brake pad and Vertical stiffness and lateral stiffness of fastener parameters
have obvious effects on the generation of rail corrugation. And rail corrugation can be effectively suppressed, when regular
hexagonal surface texture of brake pad is adopted, or when vertical stiffness of fastener is 36.2 MN/m, vertical damping of
fastener is 2 800 N-s/m, lateral stiffness of fastener is 25 MN/m, lateral damping of fastener is 2 000 N-s/m.

KEY WORDS: rail corrugation; friction self-excited vibration; complex eigenvalue analysis; surface texture; fastener

optimization; particle swarm optimization
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Tab.1 Component parameters of the finite element model
of the wheelset-tr ack-brake system!*%2

Part Densit}/}/ Young's modulus/ Poisspn's
(kg'm™) GPa ratio
Wheelset 7 800 210 0.3
Rail 7 800 210 0.3
Brake pad 2500 8.1 0.3
Brake bracket 5600 100 0.3
Brake lever 7 000 190 0.3
Brake disc 7 300 207 0.3
Sleeper 2 600 32.5 0.2
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Tab.2 Stiffness and damping of track
support structur %%

Track support parameters Lateral Vertical Longitudinal

Fastener stiffness/

(MN-m ) 8.79 40.73 8.79
Fastener damping/ 1927.96 9898.70 1 927.96
(N-s'm™)

Subgrade support stiffness/ 170

(MN'm™)

Subgragile: support damping/ 31 000
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Tab.3 Comparison between two fitting equations

Feature Fitting equation [ Fitting equation 1[I
Because less fitting points are needed, it is easy to get Due to more information, it is easy to obtain the global
Advantage . . . .
the fitting equation optimal solution
. Due to less information, it is easy to obtain the local Because more fitting points are needed, it is easy to get
Disadvantage . . . . :
optimal solution the fitting equation with large root mean square error
a=p B\ | 1x"
a=K[b()x” —b2)x" +bB)ALAA = A
x =x/0.89 2% + 2%, +2i, +i,=b (i, =0,1)
Formula A, =0.002 6x, +0.99 x, =68.5x) —106.4x, +84.7
4, =0.673x2 —1.5x, +1.26 x, =0.12x, +46.4
A, =1-0.006 2x, x, =25.7x; —57.1x, + 48.2
X, = 46.61-0.29x,
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Fig.7 The Error analysis of fitting equation: a) the root mean square error of fitting
equation I; b) the root mean square error of fitting equation 1l
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Tab.4 Comparison between two optimization algorithms

Feature GA

PSO

Because it does not rely on gradients, it is easy to obtain

It has less adjustable parameters, with short

Advantage the global optimal solution convergence time
. Its parameters have a serious impact on the solution, Because it relies on gradients, it is easy to obtain
Disadvantage . . . .
with long convergence time the local optimal solution
Result of [ [0.79, 0.08, 1, 0.98] [0.78,0, 1, 1]
Resultof II  [0.76, 0.04, 0.96, 1] [0.77,0,1, 1]
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