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Dynamic Model for Brakes of Train Sets on Railways
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Dynamic behavior of train sets on railways during braking can be regarded as the combination of the
translation and the rotation. That is, both the kinetic energy for the translation of train sets and the one
for the rotation of each axle are decreased to zero as the braking force and the adhesion force of each axle
have an effect on each other. However, dynamic models for brakes have been hardly represented by train
sets. We propose a dynamic model for brakes of train sets consisting of n axles, and show that the proposed
model is useful to evaluate the control performances of Anti-lock Braking System(ABS) for train sets.
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M :mass of train sets(kg]
Vo :initial velocity of train sets[m/s]

wi :angular velocity of No. i axle[rad/s]
Fbi :friction force by shoes of No. i axle[N]

v :velocity of
B :deceleration of train sets[m/s?]

train sets{m/s] R i :wheel radius of No. i axle[m]

J i :moment of inertia of No. i axle [kg-m?)
Fmi :adhesion force of No. i axle by Fbi [N]

Ji-,BF?i2

F :brake force for translation of train sets[N] Fi :brake force for rotation of No. i axle[N]
Fr :the sum of aerodynamic resistance and gradient resistance for train sets[N]

3% All variavles are scalar, and v, Vo, wi =0, B, F, Fi, Fbi, Fmi, Fr. M, Ji. Ri = 0.
All variables are the functions of time”t” except for M, Vo, J i, R i.

Jn+ B/R* Fan

Fig. 1: Dynamic model for train sets of n axles
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Fig. 2: Adhesion coefficient model
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item value | unit
initial velocity 100 km /h
calculation cycle 20 ms
wheel load 4000 kg
BC pressure / a wheel 550 kPa
friction coefficient of shoes constant
wheel radius 430 mm
moment of inertia / an axle 60 | kg m?
waste time of BC pressure 0.05 s
time constant of BC pressure 1.2 s
number of axles (cars) 12 axles(3cars)
unit of AV/RV valves 2 axles(1truck)
unit of AV/RV control 4 axles(1car)
way of AV/RV control fuzzy reasoning

Table 1: Conditions of simulation
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Fig. 3: Simulation result
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Fig. 4: Sample result of practical test

composition of train sets | 1 car | 2 cars | 3 cars

braking distance [m| 458.1 | 414.0 | 385.7

Table 2: Comparison of braking distance






