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Design method for asymmetric grinding profile of rails in sharp curves

LI Li, PENG Jing-kang, CUI Da-bin, LEI Peng-cheng
(School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: For improving the performance of trains passing through sharp curves, the geometric
derivation was performed on the profile of existing CN60 rails in China to design the target rail
profile by asymmetric grinding. Taking the geometric parameters of the rail profile as design
variables and the multi-body dynamics index of vehicle system as the comprehensive objective
function, a multi-objective numerical optimization model for the asymmetric grinding profile of
rails in sharp curves was proposed considering the rail grinding constraints. On the basis of the
differential evolution algorithm, the corresponding numerical calculation program was written,
and reasonable calculation parameters were selected to solve the optimization model. According to
the actual line parameters, the wheel-rail contact geometric characteristics of the optimized
grinding profile of rails were analyzed, and the dynamics performance of trains passing through

sharp curves was verified. Research results reveal that the proposed optimization method is fast in
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calculations, and the ideal grinding profile of rails can be obtained after only 97 iterations of the
optimization model. Due to the asymmetric grinding, the inner and outer rails have different
grinding positions and grinding depths, and the centering positions of wheels and rails move to
the inner side of rails by about 10 mm, without any change in the wheel-rail matching
characteristics at the flange. This effectively increases the wheelset rolling radius difference and
the difference in wheel-rail contact angles in the wheelset lateral displacement range of 10 mm,
reduces the lateral displacement of wheelset, lateral wheel-rail force, derailment coefficient, and
rate of wheel load reduction when trains pass through sharp curves, and improves the lateral
stability of the bogie and the wheel-rail wear performance. Although the rail profile obtained by
this grinding method increases the wheel-rail contact stress, it does not cause the plastic wheel-
rail deformation. Therefore, this design method is feasible to improve the capability of trains
passing through small- and medium-radius curves. 3 tabs, 16 figs, 31 refs.
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Fig. 1 Geometric expression of CN60 rail profile
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Fig. 10 Lateral forces of wheel rail
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Fig. 11 Derailment coefficients
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Fig. 12 Rates of wheel load reduction
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Fig. 13 Lateral acceleration of bogie
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Fig. 14 Wear indexes
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Fig. 15 Areas of wheel-rail contact spots
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Table 3  Verification result of curve passing performance
1400 HERE T8 bR TSRS | $TBRAE | #A%/%
n; BB /mm 9. 85 9.09 —7.70
3 1200 P . - o
I8 REB KR 0.322 0.251 22.05
& SRR FIERE/ (m - s~ 2) | 1,794 L5753 | —12.20
# 1000
& LI 1] 7 /KN 12.85 9,06 —29.40
300 SR KL 0.337 0.245 —27.30
SIS RESR B 95.85 84.05 —12.30
600 L . L . L L I N fu B 1 AR/ mom? 60.73 56.90 —5.70
0 100 200 300 400 500 600 700
A7 P B/m S HE il i J1 / MPa 955.57 964. 34 0.91
(a) 55 P 1 7 /KN 5.87 5.38 —8.30
taoor P8 2 2 K 0. 245 0.226 —7.70
PRy B 4 L 63. 465 58,413 —7.90
1200
© P 29042 ik B TR AR/ mm? 61.27 42.36 —30. 80
By
2 000 Py B ik ;1 / MPa 597. 28 910.16 52. 40
R
&l =) == T Y 4 > ~z SIS A 5
2 Ak PRV AT T LA HE L 345 T BRI 9 At
ﬁ 800 MracikX. 2 5 4 R 5 2 NIk 3l ) 24 6
= BT s ik aedebn A A IR AL T ZR & B
600 — s .,
B PR A T — Rl /N2 428 i 2R B9 AR X BT 188 B
400 , , , , , , , RACE AR JEF 22 LR RS T B K
Do Ao 700 BEF LB RUIEAT TR 35 5 S 107 3%
BT /m . N R . ,
(b) 2k L BAT BT B, AT RIS AR AN BT I B

16 FE LR R fi b
Fig. 16 Maximum contact stresses of wheel-rail
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