International Journal on Recent and Innovation Trends in Computing and Communication
ISSN: 2321-8169 Volume: 11 Issue: 1
Article Received: 22 November 2022 Revised: 30 December 2022 Accepted: 12 January 2023

Hydrogen-Powered Tramcar Energy Management
System

'Nagarajan Krishnamurthy, 2G.Vinod
"Department of Computer Science and Engineering, Rajalakshmi Institute of Technology, Chennai, Tamilnadu

2Department of Computer Science and Engineering, Rajalakshmi Institute of Technology, Chennai, Tamilnadu

'nagarajan.p.k@ritchennai.edu.in, 2vinod.g@ritchennai.edu.in

Abstract

This research focuses on the development of an Energy Management System (EMS) for a hybrid power tramcar. The proposed
system integrates various components, including a drawing bus, super capacitor, battery, fuel cell, and controller. The super capacitor
is connected to the traction bus through the first two-way DC/DC converters, while the battery is connected through the second two-
way DC/DC converters. The fuel cell is connected to the traction bus through a control module, which includes a diode, first
unidirectional DC/DC converters, and a switch. The switch and the first unidirectional DC/DC converters are connected in parallel,
with the switch linking the first common node of the converters to the traction bus and the second common node to the diode. The
diode is then connected to the fuel cell.

Keywords: Energy Management System, hybrid power tramcar, super capacitor, battery, fuel cell, controller, DC/DC converters,

control module.

Introduction

The development of energy-efficient and environmentally
friendly transportation solutions has become a significant
focus in the automotive industry. Hybrid power systems,
which combine multiple power sources, have emerged as a
promising approach to address the challenges of energy
conservation and emissions reduction. Tramcars, as a key
mode of public transportation, can greatly benefit from the
implementation of hybrid power systems to enhance their
efficiency and sustainability. !

This research aims to design and implement an Energy
Management System (EMS) for a hybrid power tramcar. The
EMS will integrate various components, including a drawing
bus, super capacitor, battery, fuel cell, and controller, to
optimize the utilization of different power sources and
improve overall performance. The effective management of
power flow and distribution within the hybrid system will be
crucial to achieving energy efficiency and reducing
environmental impact. The hybrid power tramcar system
comprises several key elements. Firstly, the super capacitor,
known for its fast charging and discharging capabilities, is
connected to the traction bus through the first two-way
DC/DC converters. This component serves as an energy
storage device and can efficiently capture and release energy
during regenerative braking and acceleration phases.
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Secondly, the battery, connected to the traction bus via the
second two-way DC/DC converters, provides additional
energy storage capacity. The battery can be charged during
low-demand periods and discharged during high-demand
periods, supplementing the power requirements of the
tramcar.’

Another essential component of the hybrid power system is
the fuel cell. The fuel cell generates electricity through an
electrochemical reaction between hydrogen and oxygen,
offering a clean and efficient power source. To ensure optimal
utilization of the fuel cell, a control module is incorporated
into the system. The control module includes a diode, first
unidirectional DC/DC converters, and a switch. The switch
and the first unidirectional DC/DC converters are connected
in parallel, allowing for efficient power transfer.® The switch
is connected to the first common node of the converters and
the traction bus, while the second common node is connected
to the diode, which is in turn connected to the fuel cell.? The
research objective is to develop an effective Energy
Management System that maximizes the performance and
efficiency of the hybrid power tramcar. This involves
designing a control strategy that optimally manages power
flow and ensures seamless integration of the various power
sources. The control strategy will consider factors such as
energy demand, regenerative braking, acceleration, and
overall system efficiency. The aim is to achieve a balance
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between the utilization of the super capacitor, battery, and fuel
cell, taking advantage of their respective strengths to

minimize energy waste and reduce emissions.

In conclusion, the development of an Energy Management
System for a hybrid power tramcar holds significant potential
for improving energy efficiency and reducing environmental
impact. By integrating the super capacitor, battery, and fuel
cell with appropriate control mechanisms, the system can
effectively utilize multiple power sources and optimize power
flow.® This research contributes to the advancement of hybrid
power tramcar technology and supports the industry's efforts
to develop sustainable transportation solutions. The findings
will provide valuable insights into the design and
implementation of efficient Energy Management Systems for
hybrid power tramcars, ultimately leading to reduced
operating costs, enhanced performance, and a cleaner urban
environment.*

Related Work

The existing traction power supply methods for tramcars
primarily rely on direct power supply from large generators
or dedicated power supply systems. Among these methods,
one commonly used power source is the fuel cell, known as
TRT (Tramcar Traction). However, fuel cells have certain
limitations that impact their performance in tramcars. One of
the challenges associated with fuel cells is their slow start-up
speed. Fuel cells require time to reach their peak power
production, resulting in a delayed start for the traction electric
motor. This delay can impact the overall performance of the
tramcar, especially during acceleration or when quick
response is needed. Moreover, the prolonged reaction time of
fuel cells affects the efficiency and reliability of the tramcar's
traction power system. The slower reaction time of the fuel
cell can lead to suboptimal power delivery, causing potential
disruptions in the smooth operation of the tramcar. These
disruptions can result in reduced performance and even
increased wear on the fuel cell, ultimately shortening its
service life.! The arrangement of the dual FC/BAT tramway
was devised based on a hybrid LF-LRV tramway under
development as illustrated in Figure 1. The proposed
configuration of the dual FC/BAT hybrid tramway
encompasses two PEMFC systems interconnected with two
unidirectional DC/DC converters, as well as a BAT linked to
a bidirectional DC/DC converter. During operation, the dual
FC systems serve as the primary power source, delivering
power to the DC bus. The output voltage of the FC systems is
elevated to meet the voltage requirement of the DC bus using
unidirectional DC/DC converters operating in boost mode.
Furthermore, surplus power is either charged or discharged to
the BAT by adjusting the bidirectional DC/DC converter
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between buck mode and boost mode, respectively. The DC
bus is connected to a DC/AC inverter and supplies electrical
power to the electric motor.?
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Figure 1. Configuration of dual PEM FC/BAT tramway.

To address these issues, there is a need for an improved
traction power supply system for tramcars. This research aims
to explore alternative solutions that can enhance the start-up
speed and reaction time of the power supply system,
ultimately improving the overall performance and longevity
of the fuel cell. By investigating and developing innovative
approaches, such as advanced control strategies or hybrid
power systems, it is possible to mitigate the limitations of fuel
cells in tramcar applications.> The objective is to find a
balance between the utilization of fuel cells and other power
sources, such as batteries or super capacitors, to optimize the
performance and efficiency of the traction power system.’

By integrating multiple power sources and implementing
efficient control mechanisms, the research aims to overcome
the slow start-up and reaction time issues associated with fuel
cells. This can lead to improved traction power delivery,
faster response times, and increased overall reliability of the
tramcar's power supply system. Additionally, by reducing the
strain on the fuel cell, the research can potentially extend its
service life, resulting in a more sustainable and cost-effective
solution for tramcar operations.’ In order to optimally
distribute the power demand from the electric motor to each
power source, a mathematical representation of each
component in the powertrain was constructed to simulate
their dynamic characteristics. Subsequently, an energy
management strategy was devised and verified using the
developed model to fulfill the power needs of the hybrid
tramway, as depicted in Figure 2.2
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Figure 2. Power requirement of hybrid LF-LRV tramway

In conclusion, the current traction power supply methods for
tramcars relying on fuel cells face challenges related to slow
start-up speed and prolonged reaction time. This research
seeks to address these issues by exploring alternative
approaches that optimize the performance and efficiency of
the power supply system. By integrating multiple power
sources and implementing advanced control strategies, the
aim is to improve the overall reliability, responsiveness, and
service life of the tramcar's traction power system.® The
findings of this research can contribute to the advancement of
tramcar technology and support the development of more
efficient and sustainable transportation solutions.

Research Objective

The main objective of this research is to design and
implement an effective Energy Management System for a
hybrid power tramcar. The focus is on optimizing the
utilization of different power sources, such as the super
capacitor, battery, and fuel cell, to enhance energy efficiency
and overall performance. The research aims to develop a
control strategy that effectively manages power flow and
ensures seamless operation of the hybrid power system.

Research

In a hybrid power tramcar, there is an Energy Management
System (EMS) that helps control the flow of electricity. The
EMS consists of several components:

1. Traction Bus: This provides electric energy to power
the traction electric machine in the tramcar.

2. Super Capacitor: It is connected to the traction bus
using special converters called the first two-way
DC/DC converters. These converters allow the super
capacitor to supply or receive electricity from the
traction bus as needed.

3. Battery: The battery is also connected to the traction
bus using the second two-way DC/DC converters.
Similar to the super capacitor, these converters
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enable the battery to provide or receive electricity to
and from the traction bus.

4. Fuel Cell: The fuel cell is connected to the traction
bus through a control module. The control module
includes components such as diodes, first
unidirectional DC/DC converters, and switches. The
switches and converters allow the fuel cell to
transfer electrical power to the traction bus when
needed. The diode ensures that electricity flows in
the correct direction.

5. Controller: This component monitors the state of the
super capacitor, battery, and fuel cell. It receives
signals indicating the status of the hybrid power
tramcar. Based on this information, the controller
manages the energy flow between the super
capacitor, battery, fuel cell, and traction bus. It
controls how electricity is transmitted to power the
traction electric machine.

The purpose of this EMS is to optimize the utilization of
different power sources in the hybrid power tramcar. It
ensures that electricity is efficiently distributed and used
according to the state and needs of the tramcar. By carefully
managing the energy flow, the EMS helps drive the traction
electric machine effectively. The EMS (Energy Management
System) plays a crucial role in ensuring the efficient operation
of a hybrid power tramcar. This particular tramcar is equipped
with a traction electric machine, which is responsible for
providing the necessary power for propulsion. However, to
optimize the performance and energy consumption, the
tramcar incorporates various components and systems.

One important component of the EMS is the draw bus. The
draw bus serves as the primary source of electric energy for
the traction electric machine. It acts as a central hub,
distributing power to the different energy storage devices and
power generation units. The EMS also includes a super
capacitor, which is connected to the traction bus through the
first two-way DC/DC converters. The super capacitor serves
as an energy buffer, capable of quickly storing and releasing
electrical energy. Its high power density and fast
charging/discharging capabilities make it well-suited for
capturing regenerative braking energy and providing instant
power when needed.

Additionally, the tramcar is equipped with a battery,
connected to the traction bus through the second two-way
DC/DC converters. The battery serves as a secondary energy
storage device, providing a more extended energy supply and
greater overall capacity compared to the super capacitor. It is
responsible for supplying power during periods of high
demand or when the super capacitor's energy is depleted.
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Furthermore, the fuel cell is another crucial component
connected to the traction bus through a control module. The
control module comprises a diode, the first unidirectional
DC/DC converters, and a switch. The switch and the first
unidirectional DC/DC converters are parallel to each other.
The switch is connected to the first common node of the
converters and the traction bus, while the second common
node of the converters is connected to the diode, which, in
turn, is connected to the fuel cell. The purpose of the fuel cell
is to provide an alternative power source. It converts
hydrogen or other fuels into electrical energy through a
chemical reaction. The control module ensures the proper
integration of the fuel cell into the hybrid power system,
allowing for efficient power transfer to the traction bus.

To manage and regulate the operation of these components,
the EMS is equipped with a controller. The controller
monitors the state of the super capacitor, battery, and fuel cell,
collecting status signals that represent the overall state of the
hybrid power tramcar. Based on this information, the
controller implements intelligent energy management
strategies, directing the energy flow between the super
capacitor, battery, fuel cell, and traction bus. This dynamic
control ensures optimal energy utilization, enhances the
performance of the tramcar, and extends the overall service
life of the fuel cell.

In summary, the EMS in the hybrid power tramcar
coordinates the use of the super capacitor, battery, and fuel
cell. It monitors their status and controls the flow of
electricity to power the traction electric machine, ensuring
optimal energy utilization and efficient operation of the
tramcar. By intelligently managing the energy transmission,
the EMS helps enhance the overall performance, efficiency,
and reliability of the hybrid power tramcar.

Conclusion

In conclusion, the development of an Energy Management
System (EMS) for a hybrid power tramcar offers significant
benefits in terms of energy efficiency and performance. The
integration of components such as the super capacitor, battery,
and fuel cell allows for efficient utilization of multiple power
sources. The use of DC/DC converters and a control module
enables effective power distribution and management within
the system. The research findings highlight the importance of
optimizing the control strategy to achieve a balance between
power sources, maximizing energy conservation, and
minimizing emissions. The proposed EMS contributes to the
advancement of hybrid tramcar technology, providing a more
sustainable and environmentally friendly transportation
solution. The implementation of this system in tramcars offers
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the potential for reduced operating costs and improved overall
efficiency. Further research and development in the field of
hybrid power tramcars and energy management systems will
continue to enhance the performance and viability of this
technology. The findings of this research contribute to the
ongoing efforts in the transportation industry to reduce
dependency on fossil fuels and promote the adoption of
cleaner energy sources.
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