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How regenerative braking energy does an electric locomotive generate?
The AC???DC???AC electric locomotive generates a large amountof
regenerative braking energy when braking,especially on large long
downhill slopes [4 - 8 ]. In some cases,the regenerative braking energy
generated by the locomotive recovers over a third of the total traction
energy [8 ].

How regenerative brake system is used in railway industry? The energy
can be stored either on-board the train or on storage devices on the track.
This paper studies the energy storage technologies that are used in
railway industry, mainly to improve the effectiveness of the regenerative
brake system. This paper studies the three most widely used storage
systems: batteries, supercapacitors and flywheel.

How to maximize regenerative braking energy in railway line? To
maximize the utilization rate of the regenerative braking energy in the
whole railway line,all the regenerative braking power should be properly
regulated by RPCs and ETCs to the power arms that consume power.
Then,the total traction power provided by the utility grid is the lowest.

Is regenerative braking energy fully utilized by traction trains? To ensure
that regenerative braking energy is fully utilizedby traction trains in the
whole railway power supply systems,an effective utilization scheme of the
regenerative braking energy based on power regulation with a genetic
algorithm (GA) is proposed in this paper.

Can energy storage devices improve regenerative brakes? This paper
reviews the application of energy storage devices used in railway systems
for increasing the effectiveness of regenerative brakes. Three main
storage devices are reviewed in this paper: batteries, supercapacitors and
flywheels. Furthermore, two main challenges in application of energy
storage systems are briefly discussed.
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Is battery technology based on traction a suitable solution for shunting
locomotives? Battery technology based on traction is a very suitable
solutionfor shunting locomotives due to the possibility of accumulating
kinetic energy in the power supply. The energy efficiency of regenerative
braking and the possibilities for efficient shunting in industrial plant were
studied.

4 ENERGY STORAGE DEVICES. The onboard energy storage system
(ESS) is highly subject to the fuel economy and all-electric range (AER) of
EVs. The energy storage devices are continuously charging and
discharging based on the power demands of a vehicle and also act as
catalysts to provide an energy boost. 44. Classification of ESS:

device and so on [3]. Its system structure is shown in Fig. 1. battery
(power type LTO) as the on-board energy storage system of the
locomotive (Table 1). When con???guring the on-board energy storage
system, ??7?rst calculate the peak Brake Fig. 4 EMR model of diesel
electric hybrid shunting locomotive.

Schemes of energy exchange in locomotive traction electric drive and
auxiliary systems: a) ??? traction mode when movement on the site for the
1 st Scenario; b) ??? traction mode when movement on the site for the 2
nd Scenario; ¢) ??? traction mode when driving on the site for the 3 rd
Scenario; d) ??7? traction mode when maneuvering; e

The present work evaluates the application of regenerative braking for
energy recovery in diesel-electric freight trains to increase efficiency and
to improve decarbonization. The energy from regenerative braking has to
be stored onboard when the track is not electrified. Different technologies

of energy recovery are presented and discussed. The energy balance of
?7??
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It was determined that the use of an energy storage device on a diesel
locomotive will allow up to 64% of the energy spent on train traction to
accumulate. The use of energy storage in the accumulator during
electrodynamic braking ensured a reduction in fuel consumption by about
50%, regardless of the options for equipping the traction system

This study proposes an energy management strategy (EMS) for a
dual-mode hybrid locomotive equipped with a fuel cell, supercapacitors,
and batteries, and intermittent access to an electrified overhead catenary.

There were considered the ways to increase the energy efficiency of the
double feed electric locomotives, particularly by applying the electric
energy storage unit for connection to the DC link of the electric
locomotive's power circuit. The economic assessment of exploitation of
the two-systems electric locomotives was carried out. 1

Due to the short distance between urban rail transit stations, a large
amount of regenerative electric energy will be generated. Studying how to
recuperate regenerative braking energy and control the voltage fluctuation
of the traction network within allowable range can result in economic as

well as environmental merits, which has important practical significance in
277

PDF | On Apr 12, 2022, Konrad Boshoff published Investigating the
feasibility of braking energy utilisation on diesel electric locomotives for
South African Railway Duty Cycles | Find, read and
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This article explores the energy efficiency optimization of regenerative
braking in shunting locomotives instead of the conventional braking with
the automatic train brake. Lead-Acid technology has been studied to
power and store energy.

An energy storage car for a locomotive includes a hydraulic energy
storage system designed to capture and reuse energy normally lost in
dynamic braking. The energy storage car is preferably configured to
provide functions sufficient to replace one of multiple locomotives used to

pull a freight train. Braking methods, and methods to capture and reuse
dynamic braking energy on ???

The development of the railway system electrification started along with
the evolution of electrical energy distribution systems and the
development of electric machines at the end of the 19th century, while the
industrial production of electric locomotives began in the 1930s [5].An
electrified railway system distributes the electrical energy trough the
dedicated low or ???

—— Because the two kinds of energy storage devices are complementary, the

energy storage system of electric locomotive can be transformed into
: hybrid energy storage system (Hess) which is composed of battery and
J super capacitor, which will bring great performance improvement to the
_J energy storage system of electric locomotive.

I L

were proposed for regenerative energy recuperation have been analyzed,

En i investigated and compared. These technologies include: train timetable
: i r/] o .

! il R optimization, energy storage systems (onboard and wayside), and

[ reversible substations. Index Terms??? Onboard energy storage,

regenerative braking, reversible substation, wayside energy storage. |.
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Rail transport, specifically diesel???electric trains, faces fundamental

challenges in reducing fuel consumption to improve financial performance
and reduce GHG emissions. One solution to improve energy efficiency is
the electric brake regenerative technique. This technique was first applied

on electric trains several years ago, but it is still considered to improve ??7?

In electrified railways, traction power system (TPS) provides electric
pae " 3{- [' . locomotives with uninterrupted electric energy from the utility grid and is
' ' ‘Ktrl also the only way for them to obtain power. The performance of electrified
railways depends on the power supply modes and structures of TPSs.

In order to make up for the shortage of the battery as a single power
supply for the mine electric locomotive, A battery-supercapacitor hybrid
storage system (HES) with lead-acid battery as main

Fortunately, recent developments in energy storage devices, particularly
supercapacitors and flywheels [I], [2]have made energy storage a viable
alternative to apply to railway systems and specifically for diesel-electric

R
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units. Energy storage devices can be used to improve energy efficiency by
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storing regenerated energy from conventional

made energy storage a viable alternative to apply to railway systems and
specifically for diesel-electric units. Energy storage devices can be used to
improve energy efficiency by storing regenerated energy from
conventional resistive braking. This paper explores the possibilities and
use of energy storage in diesel-electric systems, using a real
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This paper reviews the application of energy storage devices used in
railway systems for increasing the effectiveness of regenerative brakes.
Three main storage devices are reviewed in this paper: batteries,
supercapacitors and flywheels. B. Destraz, P. Barrade, and A. Rufer,

When the electric locomotive enters the braking stage, the energy
feedback subsystem begins to absorb the braking energy with a maximum
power of 1.5MW, and the excess braking energy is absorbed by the
energy storage subsystem.

a locomotive with a regenerative braking energy storage system and
determining the concepts feasibility. Aim is set to develop a tool that will
allow simulation of a train of any configuration and

Y. Fan et al.: Evaluation Model of Loop Stray Parameters for Energy
Storage Converter of Hybrid Electric Locomotive FIGURE 2. Double pulse
signal timing diagram. FIGURE 3. Complete parasitic

This paper reviews the application of energy storage devices used in
railway systems for increasing the effectiveness of regenerative brakes.
Three main storage devices are reviewed in this paper: batteries,
supercapacitors and flywheels. Furthermore, two main ???
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The braking process of electric locomotive is featured by short braking
time, large braking power, large voltage fluctuations, etc. Faced with the
problem of low utilization of braking energy and high investment cost of
the current regenerative braking energy utilization systems, an energy

optimization scheme is proposed in this paper by combining the control
2?7

Results show that the energy recovery from regenerative brake is a
feasible investment and may be recommended to increase the efficiency
in transportation and also to improve the low carbon mobility in railway
systems. (Energy Storage Device) in WAP-7 Locomotives Subhadeep
Kuilal, Sudhanshu Yadav2 1 School 2School of Engineering and Applied

Due to the widespread utilization of regenerative braking technologies,
electric railway vehicles are able to convert the kinetic energy (in the
braking phase) into electric energy for the purpose of energy reuse.

On a regenerative system, electrical generation from the braking system is
returned into the electrical grid in the case of electric locomotives, and into
large battery storage units on specially-equipped yard locomatives. In the
case of an electric locomotive, if the energy supply grid is unable to accept
the electric output of the dynamic

However, this mainly focuses on an energy management system and an
energy storage device is considered only in a general form, i.e. batteries
or other energy storage devices, which includes a flywheel system or
ultra-capacitors. Sun et al. [28] studied three hybrid locomotive designs
(batteries, super-capacitors and flywheels).
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