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Predictive Control Using a Distributed Model for Electric Multiple Unit
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Abstract
motor vehicles and trailers, whose dynamic behaviors are difficult to describe with the typical single-point-mass modeling

A distributed power electric multiple unit (EMU) include coupled integral power units characterized by several

method. To handle these problems, this paper presents a distributed description and the corresponding modeling approach
for the EMU operation process. Based on the traction/brake characteristic curve and the actual operation data, employ
the subspace identification method to establish the distributed state-space model for each power unit. According to the
principle of model predictive controller, then propose a synchronous tracking control algorithm for traction/braking forces
and running speed of each power unit. With the actual data of the CRH EMU type-380AL, comparative simulation results

prove the effectiveness of the proposed method.
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Fig.2 The predictive control block diagram of
state space model for EMU
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Table 1  The main parameters of CRH380AL EMU
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Table 2  Model parameters of each power unit

Eit] A(1071) B(107%) C D K(10~%) 2(0)(1079)
B — 9.9886 [2.2373, —2.2215] 9103.2 [0, 0] 1.0733 1093.5
T 9.9887 [—3.3977, 4.3085, —0.8943] 9098.4 [0, 0, 0] 1.1079 472.7
R = 9.9885 [—1.9328, 4.2912, —2.3428] 9133.3 [0, 0, 0] 1.0592 —5.4878
ALY 9.9886 [-1.1735, 3.8499, —2.6607] 9132.0 [0, 0, 0] 1.0793 —5.4172
BT 9.9885 [—2.1484, 3.6741, —1.5097] 9132.6 [0, 0, 0] 1.0523 —864.4
TN 9.9888 [—1.9947, 3.9354, —1.9248] 9132.2 [0, 0, 0] 1.0796 —451.52
FiR 4 9.9883 [—2.6346, 2.6505] 9132.6 [0, 0] 1.0622 913.48
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Table 3  Velocity tracking error ranges Table 4  Velocity error ranges between the adjacent units
Trik ] ez /(km/h) P ve2e /(km/h)
LIS —0.0893, 0.0839 ]
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T (—0.0670, 0.0551)
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Fig.7 Velocity errors between the adjacent units
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Table 5  Traction/braking force deviation ranges

Pk BT A AT (R B 2 20 SR04 vk 1919
400
200
2 oo
=< the mothod || !
= T T of[4]
=200t ——u,
ll2
“““ u,
—400 2
u,
u
u.
-600 X
650 600 550 500 450 400

P IT S W% kN
BIL— (—2.5165, 3.0720)
L vl (—2.7649, 3.6352)
L= (—2.7011, 3.7473)
B (—4.1969, 3.3273)
EST (—2.5552, 1.9975)
BTV (—2.2766, 1.8666)

Z
=
g
s
650 600 550 500 450 400
Rail mileage /km
5
z
<
g
is
650 600 550 500 450 400
Rail mileage /km
z
<
g
is

650 600 550 500 450 400
Rail mileage /km

Rail mileage /km

K8 25|/ ) ik
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Fig.9 Traction/braking force deviation of the adjacent unit
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