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Abstract: Aiming at the speed control problem of the train under external disturbance and uncertain dynamics,
a composite control scheme combining integral back—stepping (IBS) method and linear active disturbance rejection
control (LADRC) is designed. Firstly, considering the strong coupling of the train, a multi—particle model with

time—varying coefficients is established to better conform to the real longitudinal dynamic characteristics and force
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conditions of the train. Secondly, to reduce the difficulty of parameter adjustment, the tracking differentiator (TD)
and the extended state observer (ESO) are in linear form. TD is used to obtain the differential signal and has a
filtering effect. The problem of differential explosion in back—stepping method can be solved by using the TD to
derive the virtual control quantity. ESO is used to estimate the total disturbance in real-time. In addition, the IBS
method is used to improve the error feedback control law, and an integral back—stepping linear active disturbance
rejection control (IBS-LADRC) algorithm is designed. Finally, the convergence of the observation error and the
stability of the closed—loop system are proved. Combined with the parameters of AH electric multiple units of
Hangzhou Metro Line 6 and the actual line data, the simulation comparison is carried out, and the IBS-LADRC is
compared with the back—stepping method, LADRC algorithm and PID control.The results show that under the IBS—
LADRC method, the velocity error of each power unit is within £0.04 km/h, the acceleration is within £1 m/s*, and
the acceleration and velocity error change smoothly. The coupler force is the smallest and the change is the most
gentle compared with the other three methods, and the maximum coupler force is only 2 320 N. The proposed control
strategy has high tracking accuracy for the expected speed of the train, which is conducive to ensuring the safety of

the coupler, preventing the coupler from breaking, and improving the safety, stability and passenger comfort of the

train operation.

Key words: automatic operation; linear active disturbance rejection; integral back—stepping; urban rail

trains ; multi—particle model
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Tab.1 Parameters of AH EMU

EIEAN SR AT
R Tec: 34 t
2T (AWO0)

Mp/M: 36 t
o e e Te: 55.6 t
AR T (AW2)
Mp/M: 59.1 t
G K 120.214 m
SR 21.067 m
r ] R 19.520 m
B Ly i 115 km/h
I a7 R 80 km/h
[l 2% ot i R 4 0.11
PSR T 1.08+0.0085+0.000 96> N/KN
. . AW2:1.15 m/s’
TR A5 Ik ,
AWO0:1.25 m/s
e K St 1.3 m/s>

"R AL

R2 HERKESH

Tab.2 Parameters of coupling buffer device

Eieas SR LX)
i R AL 7 000 N/m
FHJE %L 252 N-s/m
I 1) L 4 et e 2 1250 kN
EALEDAC ;3 850 kN
HUEATRE 58 mm

e AH R 422130 53 S 343l BT, AT
Wt & A A S | MU SIS I 22, dn i 4 i

5_[6$—5$E4$—3$$2$—1$|}
0 0.0 0,0 0.0 0

Fig.4 Power unit distribution of AH EMUs
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Tab.3 Parameters of IBS-LADRC controller

HHME kK kv w B o o
1 1 1.41 200 450 1 000 245 36
2 1 1.76 200 450 830 245 36
3 1 1.41 200 450 1 000 245 36
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G EBAT IR AR FE ) . B (A 158 22 b 7R [ -0.035 4,
0.036 1] km/h N, 7E 60 s kb 4% Bl 77 B0 8 JiE 15 22 2
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5 8 3

F1 3 B8 R 22 5 K BT 10 O 4% B ) BT A B8 R B iR
2, AR RN 0.20 m, K I 2O B R 2%
RES RIS K5 2, 76 AT 21 140 s 4b 45 3h 1 SR oT i
iR RZE L AN E, Ul 4R RE L

100 - —— H bRk 7 th 2 ) ) T2
--------------- 3 1 HLTG L - - - - ) 13 L3
80 F
—————————————— N
—?-\ I/ \\\
:é 60 P \
= / ‘\
5 /
2 o0k / 6471 \
# / = \
/ \
/I \\
20/ 64.6 / \
/’ 6145 61.50 61.55 \\
0 / 1 1 1 1 \

0 20 40 60 80 1(1)0 1120 140
fit [l /s
B7 IBS-LADRC i% SR 37 £,
Fig.7 Velocity tracking curve of IBS-LADRC
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Fig.10 Displacement tracking error of IBS-LADRC
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Fig.11 Change of coupler force
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Fig.13  Comparison of speed tracking errors under different

methods
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Tab.5 Comparison of performance indicators

Pl 2t ROCIEH R/ (km-h™) IR/ (km-h™)  BZERELXMERT (AE) 77 522 (RMSE)
PID 0.021 -0.022 1.209 0.010 89
BS 0.036 -0.034 1.552 0.017 05
LADRC 0.038 -0.101 1.442 0.017 23
IBS-LADRC 0.036 -0.035 1.440 0.016 91
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Fig.14 Comparison of displacement tracking errors

under different methods
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Fig.15 Comparison of acceleration changes under different

methods
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Fig. 16 Comparison of coupler force changes under different

methods
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