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Train Dynamics Model
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Abstract Considering the braking performance and distance on train safety, the dynamic characteristics of train
are analyzed, and the discrete braking model is constructed. Aiming at the pivotal rail-wheel adhesion coefficient,
which is difficult to be observed directly and varies with rail environment, an online identification of adhesion coeffi-
cient based on sliding window and expectation maximization is proposed. Firstly, the position and size of window
are set up. Then, the conditional expectation about the parametric train dynamic model is constructed, and the
train running state under the preset parameters is estimated by the particle filter, particle smoothing and Bayesian
theory. On this basis, the posterior probability of the adhesion coefficient is analyzed, and the conditional expecta-
tion is maximized to optimize and update the model parameters, so that the real parameters can be approached
step by step. Finally, considering the change of adhesion coefficient in snow, tunnel and other scenes, the method is
simulated and validated, and the influence of adhesion coefficient on braking distance is analyzed numerically. The
simulation results show that the adhesion coefficient can be identified quickly and accurately, and the real-time ad-
hesion state can be grasped in real time.
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Table 2 Comparison of real-time estimation results of
adhesion coefficient
AITTH EKF
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Eitd 45 %

2276 H ]
4000 =
- Mid 234 0.1542 i
3500 | --- K% R 0.0726
— IR R A e
3000 T
£ 2500} T
= 2000} e
1500t L
= s
1000} S
5000 77
() J 1 1 1
300 250 200 150 100

HE /(km-h™)

FUHTE — FEIE ] Bhid 5 il 3 P

Braking speed and distance of train from

Kl 10
Fig. 10
external rail to tunnel rail

300 g

N - i R2%00.1542
N --- K35 280 0.0726
— AR R

. N

\ .
< 200 + NN
~ N\

)
b=y
150

ob— N %

0 10 20 30 40 50 60 70
A /s

K11

Fig. 11

HIZETE — B3 ) )38 5 ) 3y (]
Train braking speed and braking time from
external rail to tunnel rail

DAAT R4t 518 v 81 2 2 % 1) U L 0.
f&iE - FIERTHE R

5 Z AR 38 TE 5 B 28 AP T BB %, 23 iR
T B 36 PN I 1 S ), Je vk S i SR A T IE 1
LB EAERRE AT B R, AR RO R
T T R A e S5 W i 95 R, BRI B T
A R I fE . Rk, XFREiE — P RAR R &
BOATE LA T B HE S br iz X

I ZEIB AT IR AR - 2 18 B 1 2k 1 B 5
SE, FIE S LL 250 km/h FEBEIE N P Rais 4T, BT
B& T8 P38 AE AN, oI B A0 3R A BE 1 A 1) R R R
M B EHEERKE, 54 FEE G H & 45T
BB, BTN, BRI RE R, N
TRIES 5 R E )% 4, 45 ErilidE RE bR A1
I, B R UK ) 3 5 2 S S AR 45 & 1 il 3 F
B, (851 42 i K8 4745 50 km /h

B 12 NEEBEIE — Pl RS R B AR 4.

3.3

B B AT, B0 25 NI BE O ik H 22 4 ST B
W SRR, BRPURE RECE B 0.1514 KfER
0.0770, B3 1k N E RECE T BT, BRA AR
F e e 7239 4 50 km/h A8 R 0.1206.

K13 NFI R E I SHlsh Tk R4, B
WL N B R B2 B AR I S B 1, BN
BRI AR F1. B 25 M 250 km /h Y T 4G 6 5 1)
KR F1, NG kA2 5T W, 52 R AL
i3, BEE DN, SRR E R T, R
JIRE 2 518 J1HH R, I B JG 98 i A2 A KT
Hilsh 1, Bl EZSH Bk E.

Bl 14 AREIE — PR FR Bl Tl 42
B R SEZR R A R AT B S il 2%, oAt i 28 4y
WEHIMEN 0, 0.03, 0.05, 0.09 F1 0.12 5% R %
(o v il 2. Fl B AT, AR ST A v AT DA
o xF 1 4RGSR BHEAT ST AR U, 7R
250 km/h J5 %2220 km/h B3 B R A5 208G 35 2 20
HERRAG T 45 3

0.16 —— 300
— RE R
_______ - HE
0.14 } 1240
w012} 180 ;
S i)
e <
3 0.10 120
=
0.08 + 60
0.06 v L L L 0
0 20 40 60 80
] /s
12 RHREIE - SFERE R
Fig. 12 Adhesion coefficient of wheel-rail from tunnel
rail to external rail
700
--- REE TS
650 F — #ilzh A
Z
= 600
fing
pu
i 550
Iy
=500t
=
450 |
400 n . .
250 200 150 100 50
M /(km-h™)
K13 BRI 513
Fig. 13 Adhesive braking force and air braking force



12 34 Y S B 4B ) SR I AR A S K MR 2277

K 15 A1 16 20 kA AR B TR Z AT
e ZE MR, i BRI, ASTRIAAE T B A T iR 22 A

0.12
qp 0067 /7 7 — Wk R B
& - BERUE (WMEH 0)
0.041 7 / - FHRME (WMEN 0.03)
Il — HHRME (WIME N 0.05)
0.02} / -~ PEIE (WME 0.09)
/ - PERME (WMER 0.12)
%50 200 150
M /(km-h)

K14 FBIE — SFERGE R B fht
Fig. 14 Real-time estimation of adhesion coefficient
from tunnel rail to external rail

0.06
0.04 }
0.02F
¥ o S -
2+—0.02F —
= S = PRRIRZE (WUE N 0)
—0.04F" / = FHRRZE (WA 0. 03)
/ PR ZE (WIEH 0.05)
—0.06} / - HRRIRZE (WIMEN 0.09)
/ --- PRRRZE (WIEA 0. 12)
—0.08 .
250 200 150
U /(km-h)
15 RiE RBUS TR ZE
Fig. 15 Relative estimation error of adhesion coefficient
100 (‘% —
\ - MXRZE (WIMEA 0)
4 = MXRZE (WHEN 0.03)
80T — HIXHRZE (WME A 0.05)
| - MR (WMEA 0.09)
60 \‘\ .- MHXTRZE (WIMEHN 0.12)
e ‘\'\ ‘\
K
=
200 150
¥ /(kmh)
K16 RS REUG TR R 2
Fig. 16 Relative estimation error of adhesion coefficient

AR 5% 22 B N (R385 T8N, 76380 A 250 km /h
JZE 220 km/h B8] 20K, 7E 220 km/h B0 95
i1 28 3% R R - CRARR A [ 72 Y T P /N D 3.

K 17~ 19 2 5 N EKF 528k E 25
SER S T Al TH R 22 Rl AR R 22

R 3 NI ERPKE RBAFRYEME LT,
KRILT7EE EKF 15215 4556 RES 45 3.
FH R AT K, @A ST VAR B R R B TR E
FAR T 1R 22 0P 2404E 53 51 8 +£0.0015 A1 1.8169 %,
Wi EKF 153 2R 5 2500 1152 22 TR R 22 1)
S 23 59 9 40.0110 F1 13.1255 %. HIR AT A1, A
AL G R, e AT R RS
()51 B 7 2K

Bl 20 FE 21 2r BN B ZE RS TE — ~Fis i 3 B
BT B 2R AN Sl B 2R B R sk S
G IR IR AL A R BAE AT (0.0726 ~
0.1542) Tl Bh R B 5 Bl B, M4 il ARk

0.12

0.10 -

R AR
VA ?@Jﬁuﬁa (WA 0)
,,,,, et e HRRME (WA 0.03
I — FHRE (BIMEN 0.05

#HDTE (WME 9 0.09

-- PHE (WHEH 0.12

O 1
250 200 150
JE /(km-h)

—

Kl 17 EKF R R
Fig. 17  Real-time estimation of adhesion
coefficient by EKF

0.06

- PRRIRZE (WMEN 0)
—— WHRRE (WIMEN 0.03)
\ — HRHRZE (WIMEH 0.05)
0.02} --- PRIRZE (WMEA 0.09)
-- PHRIRE (%}J{Hjj 0. 12)

0.04 F~ =~

7250 260 150
ESE /(km-h™)
K 18 EKF thi&E /iR %=

Fig. 18 Estimation error of adhesion coefficient by EKF



2278 H Zlj (e &S 1 45 &
100 % 250
- AN (FIME D 0) = W R KL 0.1542
- HIKHEZE (WA 0.03) --- A A5 0.0726
80 F N — AR R ZE (PMEN 0.05) 200 | N — BRI R
v |- AIXRRZE (WHMEN 0.09) = N
S| - ARHREZE (WIMEN 0.12) ;
HO60 F e N AN
Z@ e LN < 1501
' A ‘\\ h\ \\. >
BoAOF N N % O\
100 NN
‘\\\
50 - - R
0 20 40 60 80
il
B /(kmh) R /s
RN : K21 FIZERSIE — P ) S L 5 i Sl i e
B 19 EKE R RAA TR 52 . . . .
. . . . . Fig. 21  Braking speed and braking time of train from
Fig. 19 Relative estimation error of adhesion

coefficient by EKF

3 MR LA b
Table 3  Comparison of real-time estimation results of
adhesion coefficient
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¥IE fhiRzE MNRE (%) fhiiREz HEXHRE (%)
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0.03 =+ 0.0012 1.4101 4 0.0120 14.4391
0.05 4 0.0017 2.0780 =+ 0.0095 11.4757
0.09 + 0.0021 2.5633 =+ 0.0096 11.4356
0.12 =+ 0.0015 1.7995 4 0.0121 14.3814
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