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Abstract

This research focuses on electric railways whose demand is increasing in the world, and discusses
the train control methods utilizing Automatic Train Operation (ATO) of the rolling stocks based on the

theory of efficient train operation in order to improve its environmental performance.

Railway provides high transportation capability and is ecologically friendly. The world is facing
significant environmental problems, and railway is an eco-friendly transportation system and is
expected to achieve sustainable society. Especially, electric railway has high performance with
efficient traction and has no local emission of CO; or harmful gas. For these reasons, new electric
railroads are being constructed in countries with rapidly expanding urban populations. Electric
transportation systems are also becoming popular in Japan and recently automatic operation systems
are studied extensively to facilitate ever-smaller working population. ATO is already installed in some
railway cars and it can provide high responsivity and accuracy compared with manual operation. This
high performance can allow railway cars to be operated high repeatability of running profiles. It is
simple to install running profiles based on theoretical design of ATO system and ATO can perform the
energy-saving control methods which are difficult to achieve by manual operation. From these
backgrounds, the study of energy-saving operation methods utilizing high control performance in
electric railway has important future prospects.

When the operation control design of railway cars is improved, railway scheduling, determined by
railway operator, is the most severe constraint. The running time should be used accordingly to
improve train operation control based on the constraint of reaching the next station within scheduled
running time. In this research, the method of reducing the jerk regulation time was proposed in order
to get time to be dedicated to the following energy-saving train operation. The ATO can be designed
by proposed methods that consider intentional selection of efficient notches, possibly long coasting
and braking control with power limitation for avoiding mechanical braking. Furthermore, energy-
saving scheduling is proposed that is improved by optimization to distribute a running time of inter-
station times between two stations by keeping total traveling times between starting and terminal
stations constant, and running time can be adjusted in the order of seconds by utilizing ATO control in
response to practical request from my partner railway operator.

The energy consumption of railway cars strongly depends on the running time. Therefore, the
energy-saving effect must be evaluated under a strict control of constant running time. This research
proposes the adjusting method of running time with correction database to enhance control patterns of
ATO by field experiment in short time. However, the strict running time control was not necessary

perfect so that an appropriate numerical correction was applied to my measured data so that the running



time may be identical to initial time planning for fair comparison among different cases.

In this research, practical constraints including wheel slip and slide problems are considered. A
linear metro equipped with ATO system is selected as field experiment to evaluate the proposed
theoretical methods. Subway has no disturbance such as weather and on-track tests are evaluated on
equal conditions. In addition, it is suitable for initial evaluation of effects of proposed methods because
ATO can be operate railway cars with high repeatability. Linear motor trains have thrust and braking
independent of wheel-rail contact. This is a substantial advantage of linear trains in comparison with
ordinary trains with rotary traction motors whose acceleration/deceleration depends on rail/wheel
adhesion. Therefore, the proposed enhancement of average jerk was inherently easy in my case study.

The calculation model of linear motor trains should be developed in order to evaluate proposed
operation method in linear metro. However, previous researches about linear motor trains are not much.
Furthermore, it is difficult to develop a calculation model with high accuracy based on applying
conventional theory because linear induction motor has characteristic property and running resistance
due to magnetic attractive force, and these are different from rotary motor. In this research, speed
dependency of electric drive efficiency in railway cars are measured in preliminary experiments and
relationships between speed, torque and efficiency of the linear motor car have been described. The
electric drive efficiency which strongly effects energy consumption of railway cars is analyzed from
these experimental results and the calculation methods of speed profiles and energy consumption are
developed. Furthermore, optimal speed profiles which minimize energy consumption in linear motor
train is analyzed based on these characteristic properties.

The proposed operation methods are installed in ATO system and energy-saving effect is evaluated
by experiments. The results based on proposed methods allow energy saving by 16.2 % compared
with conventional running operation under same scheduling, determined by railway operator. The
results based on proposed operation methods and scheduling which optimize running time distribution
demonstrate for the first time in in the world, the same energy-saving effect compared with theoretical
calculation results and usefulness of proposed methods. The total energy-saving effect by the proposed
operation methods and scheduling was 17.2% in these experiments. These experiments also show the
usefulness of the adjusting method of running time through the work of adjusting control pattern of
ATO in the field and the record of success.

The important result in this paper is not only energy-saving effect over 10 % but also the fact that
the proposed train operation control methods are designed by only software improvement. The
installing cost of these proposed methods in ATO can be kept small because control patterns are only
improved and change of electric equipment of cars is not required. These experimental results show
the safety in operation without dangerous security risk because practical constraints are considered in
ATO design. These results and experiences contribute to early practical realization of energy-saving

ATO system.



The control technology of ATO system which is utilized in this research is expected to becomes
popular for railway cars in Japan. This technology also contributes towards helping countries which
lack accumulated technical experience of railway operation to install new railway systems. The
proposed methods in this paper can save energy with low cost and reduce operational cost in essential.
For these reasons, proposed methods contribute towards technology expansion as an energy-saving
railway system for not only Japan but also other countries. The results of this study can be applied not
only for linear motor trains but also for electric railway, new transportation systems, electric vehicle

and electric drive transportation systems.



