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Project Necessity:

Today, the use of hybrid propulsion systems is considered as a common solution to reduce fuel consumption and
also reduce pollution of vehicles with internal combustion engines. Over the past twenty years, different types of
hybrid vehicles have been produced and marketed, and almost all of the world's leading manufacturers have devoted
a portion of their production to hybrid vehicles. These products are not limited to passenger cars and can be found in
a variety of vehicles such as motorcycles, buses, minibuses and even locomotives.

Locomotives are used in various applications in the rail transportation system and industry. One of the uses of
the locomotive is its shunting use. Shunting locomotives are used at train stations to move wagons between routes, as
well as in heavy industries such as steel, iron, and mining to move raw materials and products. In this type of
locomotive, due to the long stop time (up to 17 of the duty cycle) and the diesel generator being on during the stop,
the efficiency is low and the fuel consumption is high. However, due to the presence of diesel generators and electric
motors in their propulsion system, these locomotives have a structure close to the series type hybrid. Therefore, by
adding only a battery pack, locomotives can be converted to a hybrid type and their fuel consumption and pollution
can be greatly reduced.

Therefore, hybrid shunting locomotives have attracted the attention of various manufacturers around the world in
recent years. In Y)Y+, for example, Toshiba developed the HDY+ + Hybrid shunting Locomotive, which used the
benefits of hybridizing to reduce fuel consumption by ¢)7, pollution by 1YZ, and noise by Y- decibels compared to
its diesel counterpart. In Canada, hybrid locomotives produced under the name GGY « B Green Goat have reduced fuel
consumption by up to Y7 and also reduced pollution by 4+ 7.

Project Goals:

In this project, the technical specifications of a sample electric hybrid shunting locomotive are extracted and the
amount of fuel consumption savings compared to the conventional type is extracted. Also in this project, the design




of the propulsion section of the hybrid shunting locomotive of the sample is done according to the desired functions
and also its technical and economic evaluation is examined. Finally, a business plan will be presented to replace diesel
locomotives with a hybrid version.

Abstract:

In the first stage, the types of propulsion systems in the locomotive are first examined. Then, the structure of diesel-
electric locomotive is introduced in more detail. In the following, the industries in which shunting locomotives are
used and exploited will be introduced. In the following, the results of negotiations with these centers will be stated to
announce the specifications of the locomotive used, and in the final part of this chapter, the driving cycle announced
by the railway company, as well as its energy, power and fuel consumption specifications will be mentioned.

In the second stage, domestic and foreign activities in the field of development of hybrid shunting locomotives
will be studied. In the first part, the domestic activities are reviewed and in the second part, the experiences and
activities of different foreign companies from all around the world are examined.

In the third stage, first, the technical elements required in the propulsion system of diesel electric shunting
locomotive are investigated. Then, two series and parallel structures suitable for hybrid shunting locomotives are
investigated. As stated in the report of this step, the series structure is suitable for diesel-electric locomotives. In the
following, thermostat control strategies, power tracker, maximum charge and control strategy for Toshiba HDY+ +
hybrid hybrid shunting locomotive were introduced and reviewed, and in the final part of this stage, the control strategy
used in this report was introduced and studied in detail.

Based on the materials presented in the previous stages and the hypotheses, a sample of a diesel-electric hybrid
locomotive was designed in the fourth stage. At the beginning of this stage of the report, based on the existing
hypotheses, constraints, as well as the proposed control strategy, the individual components of the power generation
section in the designed hybrid locomotive were designed. In the first part, the size of the diesel engine and generator
was calculated based on the average required power of the driving cycle and then the desired battery capacity was
calculated. In the following, after designing a hybrid locomotive, its performance and economics will be studied based
on the reduction of fuel consumption and production costs.

In the fifth stage of the project, the cost of converting a sample of a traditional shunting locomotive to a hybrid
one and also the cost of mass conversion of a diesel shunting locomotive to hybrid ons were investigated and
calculated. For this purpose, these costs were calculated for each component, including diesel, generator, battery pack,
as well as DC / DC converter. Fortunately, the technical knowledge to produce each of these components is available
domestically, and related products are being produced by domestic manufacturers.

In fact, a business plan is a written document that details the proposed business. This document should describe the
current situation, needs, expectations, projected results and evaluate all aspects of it. In the introduction and
description of the plan, the problem will be presented and the solution will be presented. In the sixth step, the industry
is analyzed. In the analysis of the target market research industry, the main actors of the project and why Niroo
Research Institute is a pioneer in presenting this project are stated. In the section related to the production plan, the
required technology, equipment list as well as the necessary location and space are discussed.

Steps and Methodologies:




Identify industries and companies with locomotives

Review of domestic and global experiences of locomotive hybridization
Investigation of technical requirements for hybridization of a locomotive
Overall design of a hybrid prototype

Estimating the cost of acquiring technical knowledge

Provide a business plan to replace diesel locomotives with hybrid variants

Main Results (technical outputs, patents, papers, books, reports, etc.):

. Report of the first phase of the project “ Technical and economical assessment of converting shunting diesel
locomotive to hybrid electric type ”, Niroo research institute, Advanced Electric Motors Technology
Development Center, Y44,
. Report of the second phase of the project “ Technical and economical assessment of converting shunting
diesel locomotive to hybrid electric type ”, Niroo research institute, Advanced Electric Motors Technology
Development Center, YY44,
. Report of the third phase of the project «“ Technical and economical assessment of converting shunting diesel
locomotive to hybrid electric type ”, Niroo research institute, Advanced Electric Motors Technology
Development Center, YY44,
. Report of the fourth phase of the project “ Technical and economical assessment of converting shunting diesel
locomotive to hybrid electric type ”, Niroo research institute, Advanced Electric Motors Technology
Development Center, Y44,
. Report of the fifth phase of the project “ Technical and economical assessment of converting shunting diesel
locomotive to hybrid electric type ”, Niroo research institute, Advanced Electric Motors Technology
Development Center, YY44,
. Report of the sixth phase of the project “ Technical and economical assessment of converting shunting diesel
locomotive to hybrid electric type ”, Niroo research institute, Advanced Electric Motors Technology
Development Center, Y44,







