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Research on Vehicle Articulated Forces of Virtual Track Train

under Emergency Braking Conditions”

Wang Tanming' Yang Caijin'" Zhao Yu' Xu Jing' Cai Liya® Zhang Weihua'
(1. State Key Laboratory of Rail Transit Vehicle System,Southwest Jiaotong University, Chengdu 610031, China)

(2. School of Mechanical Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract For the problems such as the lack of tire braking force, the wheel locking-up and the increase
of articulated forces between the vehicles caused by the change of road adhesion condition, an automatic
emergency braking strategy of the virtual rail train, which is a new multi-axle articulated urban rail
transportation vehicle, is proposed considering road adhesion coefficient. The proposed strategy consists
of two-layer controllers. Firstly, the upper controller is designed by extended Kalman filter and model
predictive control, and the desired braking acceleration of the train is determined according to the real-
time estimated road adhesion coefficient and the braking performances of comfort and safety. Secondly.
the lower controller is designed by the principles of load proportion distribution and PID feedback com-
pensation control, and the braking torques of train tires are determined based on the desired braking ac-
celeration of the train. Finally, the co-simulation platform of Matlab/Simulink and Trucksim is built to
research the vehicle articulated forces of virtual rail train under emergency braking conditions. The re-

sults show that the variations of train load, initial braking speed of the train and road adhesion coefficient
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affect the maximum articulated force between the vehicles. The proposed strategy processes good ro-

bustness. It can prevent the wheels locking-up, reduce the maximum articulated force between the vehi-

cles and improve the braking performances of comfort and safety under various conditions.

Key words virtual rail train,

road adhesion coefficient estimation,
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Fig. 1 Schematic diagram of emergency braking control of virtual

rail train considering road adhesion coefficient
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Table 1  Virtual track train parameters™*"
Parameter Value
Sprung mass m; of first vehicle 9000kg
Sprung mass m, of middle vehicle 9000kg
Sprung mass m, of last vehicle 9000kg

Distance / , form front axle to the vehicle mass center 3, 50m

Distance /, form rear axle to the vehicle mass center 3, 50m

Distance /. form vehicle mass center to the hitch 5.65m
Height A of the vehicle mass center 1. 00m
Tire radius r, 0.53m
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Table 2 Three road adhesion conditions in simulation

Case Road adhesion condition

1 Uniform coefficient (2 =0.85)

2 Uniform coefficient (z=0. 50)

3 Step variable coefficient (from 2 =0. 50 to x=0. 30)
Fm Fan2
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Table 3 Evaluation indexes of current method and
traditional method

Evaluation index Current method Traditional method

Distance between
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