Dear Teachers, Professors, Lecturers and Faculty members,

Developments in the field of technology have become more and more effective in our
lives every day. In parallel with this, the working time of today's people and the time they spend
on the roads are increasing rapidly. The current state of traffic is becoming increasingly
complex for every country and city. As a result of population growth, migration and the
increase in job opportunities in big cities, the time spent on the roads is increasing even more.
People who want to find a solution to the disadvantages caused by this situation have searched
for more practical methods and have had to develop bicycle technology, which has been used
for years, as a savior.

Today, bicycle technology has developed remarkably and is on its way to becoming
today's favorite means of transportation, both mechanically and electrically. This rapid
development in bicycle technology has brought along both technological and maintenance
needs.

In this context, this project has been implemented with the aim of improving the skills
and qualifications of instructors and students in VVocational Education and Training on electric
bicycles, bringing the content of vocational education closer to the development of
contemporary electric vehicles and training the intermediate staff needed by electric bicycles.
For this purpose in this teacher’s book, our project partner General Directorate of EGO
produced first chapter of History of Electric Bikes, our partner Eu&Pro centrum vzdélavani a
praxe, s.r.o. produced second chapter of Electrical Theory and its Components, our partner
Liceul Tehnologic de Transporturi Auto Targoviste produced third chapter of Direct Current
Principles, our partner ACADEMIA, izobrazevanje in druge storitve d.o.0. produced the fourth
chapter of Battery Technologies in Electric Vehicles, our partner Giiiivercinlik Sehit Hasan
Giitilhan Vocational and Technical Anatolian High School produced fifth and sixth chapters of
Electric Motors Used in Bicycles and Structural Features of Electric Bicycles and the project
coordinator Hacettepe University produced seventh and eighth chapters of Legal Regulations
about Electric Bicycles and Periodic Maintenance and Service of Electric Bicycles.

When the e-VETBike Sustainable Life Sustainable Vocational Education project
prepared by experts in the field is completed, our teachers will have all the information about
how to teach about electric bicycle systems and train students about its maintenance and repair.

We hope that this book will be useful to all interested teachers.
Prof. Dr. Sefika Sule ERCETIN
Hacettepe University/Project Coordinator
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Module 1

HISTORY OF ELECTRIC BICYCLES

Chapter 1.1 — Historical Development of Electric
Bicycles

Learning outcomes

1.

Gain a comprehensive understanding of the historical development of electric bicycles, tracing
their origins from the first inventions in the late 19th century to the advancements in the 20th
and 21st centuries.

Acquiring knowledge about the technological evolution of electric bicycles, students will
understand the various propulsion systems, motor designs, and power sources used throughout
history. This technical knowledge can foster an appreciation for the engineering behind electric
bicycles.

Exposure to the diverse inventions and innovations in the electric bicycle domain will cultivate
an appreciation for the creativity and ingenuity of inventors and engineers. Students will
recognize the iterative nature of technological progress.

Understand the benefits of electric bicycles as eco-friendly and cost-effective transportation
alternatives, students will develop an awareness of the environmental and economic factors that
drive the popularity of these vehicles, especially in urban settings.

Enhance their analytical thinking skills through the examination of various historical patents,
designs, and improvements. They will learn to evaluate the effectiveness of different
technological solutions and identify trends in electric bicycle development.

Integrate knowledge from fields such as engineering, history, and environmental science, given
the interdisciplinary nature of electric bicycle development. This multidisciplinary approach
encourages a holistic understanding of technological advancements.

Connect historical knowledge to contemporary contexts by exploring developments in the
1990s and beyond. They will grasp how innovations in battery technology, sensor systems, and
design have shaped the current landscape of electric bicycles.

Learning about the legal classifications and regulations related to electric bicycles, develop an
awareness of how government policies and safety standards influence the design and usage of
these vehicles. This knowledge can be valuable in understanding the broader societal
implications of technological advancements.



Chapter synopsis

Chapter 1.1 provides a concise overview of the historical development of electric bicycles, spanning
from their inception in the late 19th century to contemporary advancements. It outlines key milestones,
including the inventions of the first electric bicycles in the 1880s and subsequent innovations up to the
21st century.

The chapter emphasizes the technical aspects of electric bicycles, covering various propulsion systems,
motor designs, and power sources. It highlights the environmental and economic advantages of electric
bicycles, positioning them as cost-effective and eco-friendly alternatives for urban transportation.
Students gain insights into the creativity and ingenuity of inventors, examining patents, designs, and
improvements over time. The chapter encourages analytical thinking by evaluating the effectiveness of
different technological solutions.

Additionally, it integrates multidisciplinary knowledge, combining insights from engineering, history,
and environmental science. The training contextualizes historical developments by exploring
advancements in battery technology, sensor systems, and design since the 1990s.

Furthermore, students become aware of the regulatory landscape surrounding electric bicycles,
understanding legal classifications and safety standards. This knowledge contributes to a holistic
understanding of the societal implications of technological progress.

In summary, the chapter provides a comprehensive and concise overview of the historical, technical,
and societal dimensions of electric bicycle development, fostering an appreciation for the evolution of
these vehicles.

Review and discussion questions

1. Explore the historical significance of the first electric bicycles, considering the socio-economic
context of the late 19th century. How did the inventions of pioneers like Gustave Trouvé and
Ogden Bolton contribute to the evolution of electric bicycles and influence subsequent
technological developments?

2. Analyze the key technological advancements in electric bicycles from the late 19th century to
the present day. How did innovations such as the introduction of lithium-ion batteries and
advancements in motor technology impact the performance, efficiency, and overall appeal of
electric bicycles?

3. Discuss the evolving regulatory landscape for electric bicycles, especially in the context of
safety standards and classifications based on motor power. How have these regulations shaped
the design and usage of electric bicycles over time, and what implications do they have for
manufacturers and consumers.

4. Explore the market dynamics of electric bicycles, considering factors such as consumer trends,
environmental awareness, and the influence of major manufacturers. How has the market for
electric bicycles evolved from niche to mainstream, and what role do factors like cost, range,
and charging infrastructure play in the widespread adoption of these vehicles?



Chapter 1.2 — Types of Electric Bikes

Learning outcomes

1. After completing this chapter, students will be proficient in classifying electric bicycles based
on the power provided by control systems and electric motors, understanding how power from
the motor is transferred, and recognizing various types of electric bicycles such as Pedal Assist,
Power-on-demand, and their subcategories.

2. They will have a solid understanding of the technical aspects of electric bicycles, including how
Pedal Assist works, the role of control systems and sensors, and the activation mechanisms of
Power-on-demand systems.

3. Students will gain knowledge about the legal and regulatory aspects related to electric bicycles,
especially in the context of European regulations such as the EN15194 standard. This includes
understanding the criteria for classifying a bicycle as a Pedelek, considering factors like speed
and motor power.

4. Participants will be aware of the practical applications of different types of electric bicycles,
such as Pedeleks and S-Pedeleks, and their suitability for various purposes, including daily
transportation and assistance for riders with physical limitations.

5. They will understand the safety implications and legal requirements associated with more
powerful electric bicycles like S-Pedeleks, which may be classified differently and subject to
specific regulations, including licensing and insurance.

6. Students will have knowledge about the conversion of non-electric bicycles to electric bicycles
using kits, demonstrating an understanding of the adaptability of electric systems to traditional
bicycles.

Chapter synopsis
Chapter 1.2, provides an overview of Electric Bicycle Types, categorizing them based on the power
supplied by control systems and electric motors. The key classifications discussed are as follows:

Pedal Assist (Pedelec):

Definition and operation of Pedal Assist bicycles, where the electric motor's power is adjusted according
to the rider's pedal input.

Introduction of Pedelecs, equipped with sensors to detect pedal speed, force, or both, and the use of
brakes to disengage the motor.

Adjustable Power-to-Demand Motor:

Description of electric bicycles with motors activated by a throttle on the handlebars, similar to
motorcycles or scooters.

General categorization of electric bicycles based on power demand, highlighting the diversity in motor
activation mechanismes.



Specific Classifications:

Subdivision of Pedal Assist bicycles into Pedeleks and more powerful S-Pedeleks.

Detailed explanation and legal criteria for Pedeleks according to the EU directive (EN15194 standard),
considering speed and maximum motor power.

S-Pedeleks and Legal Considerations:

Introduction of S-Pedeleks, characterized by their stronger motors and exclusion from bicycle
classifications under certain laws.

Discussion of legal requirements, including registration, insurance, potential need for a driver's license,
and compliance with regional laws, especially in Germany and the United States.

Additional Electric Bicycle Types:

Introduction of electric bicycles with Power-on-Demand systems, allowing riders to combine pedal and
motor power for increased energy efficiency.

Mention of electric bicycle conversion Kits for traditional bicycles, demonstrating the adaptability of
electric systems.

The chapter also touches on the visual representations of Pedelek and Electric Bicycle schematics.
Additionally, it introduces Power-on-Demand and Pedal Assist in certain newer electric bicycles,
emphasizing their contribution to increased range and energy savings.

Review and discussion questions

1. Conduct a comparative analysis between Pedeleks and S-Pedeleks, examining factors such as
power output, speed limitations, and legal classifications. How do these distinctions impact
consumer choices and regulatory considerations in different regions?

2. Explore potential challenges in the widespread adoption of electric bicycles, especially the S-
Pedelek category, which may require different licensing and insurance considerations. What
are the barriers to acceptance, and how can these challenges be addressed to encourage broader
use?

3. Investigate recent technological innovations in the electric bicycle industry, focusing on the
emergence of Power-on-demand systems. How do these innovations address common concerns
like battery life and range? What potential impact do they have on the conversion of traditional
bicycles into electric ones?



Chapter 1.3 — Advantages and Disadvantages of
Electric Bikes

Learning outcomes

1. Students will enhance their critical thinking skills by analyzing the environmental and
economic benefits of electric bicycles compared to traditional vehicles. They will be able to
evaluate the advantages and disadvantages presented in the context of sustainability and
practicality.

2. Learners will gain research and analysis skills by understanding the technological aspects of
electric bicycles, such as battery life, motor efficiency, and the impact of quality on pricing.
They will be able to critically assess the factors influencing the adoption and limitations of
electric bicycles.

3. Through the comprehension of advantages and disadvantages, students will improve their
ability to articulate complex ideas and findings clearly. They will be equipped to discuss and
present information about electric bicycles, considering various perspectives and potential
challenges.

4. Learning about the environmental impact of batteries and the manufacturing process of electric
bicycles provides students with interdisciplinary knowledge, connecting aspects of technology,
environmental science, and economics. This holistic understanding fosters a well-rounded
perspective on the subject matter.

Chapter synopsis

This chapter discusses the advantages and disadvantages of electric bicycles. In terms of advantages,
electric bicycles are environmentally friendly, using rechargeable batteries to operate without emitting
carbon. It discusses whether electric bicycles are more affordable than motorcycles and cars, suitable
for elderly and disabled individuals, and convenient for transporting goods. Electric bicycles offer
benefits such as reduced sweating, low maintenance, quiet motors, and less stringent legal regulations.
In essence, the chapter highlights several drawbacks of electric bicycles. It mentions that quality electric
bikes can be expensive and heavier, with longer charging times and potential issues with battery life.
Maintenance is another concern, leading to higher costs for spare parts and repairs. The environmental
impact of lithium-ion battery production is discussed, along with the risk of theft. Furthermore, it notes
that electric bikes offer less exercise compared to traditional ones, and there are restrictions on flying
with lithium-ion batteries. Lastly, the chapter points out the unclear legal regulations surrounding
electric bicycle use in certain regions.



Review and discussion questions

1. Considering the environmental benefits highlighted in the chapter, how significant is the role
of electric bicycles in promoting sustainability and reducing carbon emissions? Can you think
of additional measures that could enhance their environmental impact positively?

2. The chapter emphasizes the affordability of electric bicycles compared to motorcycles and cars.
In your opinion, how does the economic aspect contribute to the popularity of electric bicycles,
and what potential economic drawbacks or challenges might users face?

3. Drawing from the information about the increasing trend in electric bicycle usage, what do you
think are the factors driving this trend? How might technological advancements in electric
bicycles shape the future of urban transportation, and what challenges or opportunities could
arise from their widespread adoption?



Chapter 1.4 — Working Principles of E-Bikes

Learning outcomes

1.

Students will acquire a comprehensive understanding of the key components of electric
bicycles, including the battery, motor, and sensors. They will grasp how these components work
together to power and control the bike.

The module involves detailed information about the placement and functions of electric bicycle
components, such as the motor's location and the importance of sensors in regulating speed.
Students may develop analytical skills to identify potential issues and problem-solving abilities
to address them.

Chapter synopsis

The chapter describes the components of electric bicycles in comparison to standard bicycles. Electric
bicycles are comprised of three main elements: a battery, a motor equipped with a control unit, and
sensors. In summary, the chapter elucidates the fundamental components of electric bicycles,
emphasizing the role of the battery, sensors, and motor, as well as their strategic placement for optimal
performance and functionality.

Review and discussion questions

1.

2.

What are the three main components that differentiate electric bicycles from standard bicycles,
and how do they contribute to the overall functionality of the electric bike?

In terms of battery capacity, what are the factors that influence the variations, and why is the
strategic placement of batteries crucial for electric bicycles?

Describe the role of sensors in electric bicycles, especially in preventing excessive speeds. How
do torque sensors contribute to regulating speed in relation to pedal rotation.

Discussion question: Considering the three positions for placing motors in electric bicycles
(front hub, rear hub, and center), discuss the advantages and disadvantages of each position.
Additionally, how might the motor's location impact the overall performance and user
experience of an electric bicycle?



Module 2
ELECTRICAL THEORY AND
COMPONENTS

Chapter 2.1 - Stages of Generation, Transmission and
Distribution of Electricity

Learning outcomes
1. Understand the Basics of Electricity Generation:
e |dentify the diverse sources of electricity generation.
e Comprehend the technological processes involved in converting different energy
sources into electrical energy.
2. Grasp the Significance of Efficient Power Transmission:
e Recognize the importance of high-voltage transmission lines in minimizing energy
losses.
e Understand the role of transformers in voltage regulation during the transmission
process.
3. Appreciate the Complexity of Electricity Distribution:
e Gain insight into the intricate distribution networks that bring electricity from
substations to end-users.
e Understand the integration of smart grid technologies for enhanced efficiency and
responsiveness.
4. Evaluate the Environmental and Technological Impacts:
e Analyze the environmental implications of different electricity generation methods.
e Assess the technological advancements shaping the electricity transmission and
distribution landscape.

Chapter synopsis

Chapter 2.1 explores the intricate stages of electricity generation, transmission, and distribution,
shedding light on their pivotal roles in today's dynamic energy landscape. Educators are guided through
a structured narrative, commencing with an introduction that underscores the significance of these
stages in ensuring a reliable and efficient power supply. Figures complement the discussion, visually
illustrating the complexities and functions associated with each stage.

The chapter delves into the fundamental stage of electricity generation, detailing the diverse sources of
power, including fossil fuels, renewable energy, and nuclear power. Special attention is given to the



technological processes converting these sources into electrical energy, with figures aiding in
visualizing the different methods.

Moving forward, the focus shifts to electricity transmission, emphasizing the critical role of high-
voltage transmission lines in efficiently transporting electricity across long distances. The discussion
includes transformers' functions in voltage regulation and the establishment of a robust power grid.
Figures provide visual clarity on these crucial components.

The distribution stage is examined in detail, outlining the complex network of substations, transformers,
and local distribution lines that bring electricity from power plants to end-users. Modern distribution
systems, including smart grid technologies, are highlighted for their role in enhancing efficiency and
reliability. Figures enrich the understanding of these advanced distribution concepts.

Different types of power plants and their environmental implications are discussed, showcasing the
diversity of electricity generation methods and the ongoing shift towards cleaner and more sustainable
options. Figures illustrate the environmental impacts of various energy sources.

Operational safety and maintenance considerations are addressed, emphasizing the importance of safety
protocols and regular inspections across all stages. Figures provide visual aids, including safety
infographics and illustrations of maintenance procedures.

The chapter concludes by outlining the future directions in electricity generation, transmission, and
distribution, forecasting advancements and potential developments in response to evolving
technological, environmental, and societal factors. Figures serve as visual cues for the envisioned
advancements.

This chapter is meticulously designed to equip educators with a comprehensive overview of the
significance, intricacies, and future trajectories of the stages of electricity generation, transmission, and
distribution. Engaging visuals are incorporated to enhance understanding and stimulate discussion in
the classroom.

Review and discussion questions

1. Balancing Intermittency in Renewable Energy:
Discuss how the stages of electricity generation, transmission, and distribution contribute to the stability
of power grids, especially in light of the variable nature of renewable energy sources. Can you identify
a real-world scenario where the integration of renewable energy and Electric Energy Storage (EES)
systems played a critical role in maintaining grid stability during a period of high renewable energy
generation but low demand?

2. Comparing Different Stages and Technologies:
Compare and contrast the various stages of electricity generation, transmission, and distribution covered
in the chapter. Highlight the operational principles of at least two different types of EES systems, such
as chemical vs. mechanical or thermal vs. electrostatic. In what specific applications or situations might
one type of EES system be favored over the other?

3. Operational Safety and Maintenance Protocols:
Examine the significance of operational safety and maintenance protocols in the stages of electricity
generation, transmission, and distribution, with a special focus on EES systems, particularly in electric
vehicles (EVs). Why is the Battery Management System (BMS) crucial for EES in EVs, and what



potential risks does it help mitigate? Discuss the importance of these protocols in the context of a rapidly
growing EV market, considering factors like scalability and technological advancements.

4. Environmental and Economic Considerations:
Evaluate the environmental and economic implications of the different stages of electricity generation,
transmission, and distribution. How do these considerations impact the decision-making process for
selecting energy sources and implementing technologies? Discuss potential strategies for achieving a
balance between environmental sustainability and economic efficiency.

5. Future Directions in Energy Systems:
Explore the future directions outlined in the chapter regarding electricity generation, transmission, and
distribution. How might advancements in technology shape the evolution of energy systems? Discuss
the potential challenges and opportunities associated with integrating emerging technologies into
existing infrastructures.

These questions are designed to encourage critical thinking and facilitate discussions among learners,
providing a deeper understanding of the complexities and implications of the stages of electricity
generation, transmission, and distribution.



Chapter 2.2 - DC Electricity Generation Test with
Dynamo

Learning Outcomes

1. Understand the Principles of DC Electricity Generation:
Identify the fundamental principles underlying DC electricity generation using a dynamo.
Comprehend the essential components and mechanisms involved in the process.

2. Gain Practical Experience in Dynamo Assembly:
Develop hands-on skills in assembling a dynamo for DC electricity generation.
Demonstrate proficiency in connecting the necessary components to facilitate the generation test.

3. Conduct DC Electricity Generation Test:
Follow step-by-step procedures to conduct a DC electricity generation test with a dynamo.
Utilize appropriate measurement tools to record and analyze generated voltage and current.

4. Differentiate between DC and AC Electricity Generation:
Compare and contrast the principles of DC electricity generation explored in this chapter with AC
electricity generation.
Identify key distinctions in the generation processes and applications of DC power.

5. Appreciate the Significance of Dynamo Technology:
Recognize the historical and contemporary relevance of dynamo technology in electricity generation.
Understand the practical applications and limitations of dynamos in various contexts.

6. Apply Knowledge to Real-world Scenarios:
Translate theoretical understanding into practical applications by discussing real-world scenarios where
DC electricity generation with a dynamo might be employed.
Analyze the advantages and limitations of using dynamos in specific contexts.

7. Demonstrate Safety and Efficiency in Experimentation:
Emphasize the importance of safety protocols when assembling and testing dynamaos.
Demonstrate efficient and responsible laboratory practices during experimentation.

8. Integrate Theoretical Knowledge with Practical Skills:
Connect theoretical concepts of DC electricity generation with the practical skills acquired during the
dynamo assembly and testing process.
Illustrate the relevance of hands-on experience in reinforcing theoretical understanding.

9. Engage in Collaborative Learning:
Foster a collaborative learning environment by participating in discussions and group activities related
to DC electricity generation with a dynamo.
Share insights, challenges, and discoveries with peers to enhance collective understanding.

10. Critical Thinking and Troubleshooting:
Develop critical thinking skills by troubleshooting and addressing potential challenges that may arise
during the dynamo assembly and testing.
Formulate solutions and adaptations to optimize the performance of the DC electricity generation
system.
These learning outcomes are designed to ensure that learners not only grasp the theoretical concepts of
DC electricity generation but also gain practical skills, critically.



Chapter Synopsis

Chapter 2.2 delves into the practical aspects of DC electricity generation through a comprehensive
exploration of the Dynamo. This chapter guides learners through hands-on experiences and theoretical
insights, focusing on the assembly and testing of a dynamo for generating direct current (DC) electricity.
The chapter begins with an exploration of the fundamental principles that underlie DC electricity
generation, providing a theoretical foundation for the subsequent practical exercises. Learners are
introduced to the essential components of a dynamo and the mechanisms that drive the generation
process.

A significant portion of the chapter is dedicated to hands-on learning, where learners gain practical
experience by assembling a dynamo for DC electricity generation. Step-by-step instructions,
accompanied by visual aids, ensure a clear understanding of the assembly process and the
interconnections of components.

The core of the chapter involves the actual DC electricity generation test with the dynamo. Learners
follow detailed procedures to conduct the test, employing measurement tools to record and analyze
voltage and current outputs. The focus is not only on theoretical knowledge but also on applying this
knowledge to real-world experimentation.

Throughout the chapter, a comparative analysis is conducted to differentiate between DC and AC
electricity generation. Learners explore the unique features, applications, and distinctions between these
two types of electrical power.

The historical and contemporary relevance of dynamo technology is emphasized, shedding light on its
significance in electricity generation. Practical applications and limitations of dynamos are discussed,
providing learners with a broader perspective on the role of dynamos in various contexts.

Furthermore, the chapter encourages collaborative learning through group discussions and activities
related to DC electricity generation with a dynamo. Learners engage in sharing insights, challenges, and
practical discoveries, enhancing their collective understanding.

Safety and efficiency in experimentation are paramount, and the chapter emphasizes the importance of
adhering to safety protocols during the dynamo assembly and testing phases. Learners are encouraged
to develop critical thinking skills by troubleshooting challenges and proposing solutions to optimize the
performance of the DC electricity generation system.

In summary, Chapter 2.2 serves as a bridge between theoretical knowledge and practical application,
offering a holistic learning experience. From understanding the principles of DC electricity generation
to hands-on dynamo assembly and testing, learners emerge with a comprehensive skill set and a deeper
appreciation for the practical implications of dynamo technology in the realm of electricity generation.

Review and Discussion Questions

1. Practical Significance of Dynamo Assembly
Discuss the practical significance of assembling a dynamo for DC electricity generation. How does the
hands-on experience contribute to a deeper understanding of the theoretical principles covered in the
chapter? Can you think of real-world applications where dynamo assembly skills might be crucial?

2. Comparative Analysis of DC and AC Generation:
Compare and contrast the principles of DC electricity generation explored in Chapter 2.2 with those of
AC electricity generation. What are the key distinctions between these two types of electrical power,



and how do their applications differ? Discuss scenarios where DC generation, as demonstrated with the
dynamo, might be preferred over AC generation.

3. Hands-on Learning and Skill Development:
Reflect on your experience in assembling and testing the dynamo for DC electricity generation. How
did the hands-on learning enhance your understanding of the components and mechanisms involved?
In what ways did the practical exercise contribute to the development of technical skills?

4. Application of Dynamo Technology:
Explore potential applications of dynamo technology beyond the laboratory setting. How might the
principles learned in this chapter be applied in real-world scenarios, industries, or technological
advancements? Discuss both historical and contemporary uses of dynamos.

5. Safety Protocols and Best Practices:
Highlight the safety protocols and best practices discussed in the chapter for assembling and testing
dynamos. Why is it crucial to follow safety measures during such experiments? Discuss the potential
risks associated with dynamo assembly and testing and propose additional safety measures.

6. Troubleshooting and Optimization:
Share insights into any challenges faced during the dynamo assembly and testing process. How did you
troubleshoot issues, and what solutions were implemented to optimize the DC electricity generation
system? Discuss the importance of critical thinking in addressing challenges during experimental
setups.

7. Collaborative Learning and Group Discussions:
Reflect on the collaborative learning environment fostered in group discussions and activities related to
DC electricity generation with a dynamo. How did group interactions enhance your understanding of
the subject matter? Share any notable discoveries or insights gained through collaborative learning.

8. Future Applications and Technological Advancements:
Consider the future directions outlined in the chapter regarding dynamo technology. How might
advancements in this area contribute to evolving energy systems and technological innovations?
Discuss potential areas for research and development in DC electricity generation with dynamos.
These questions are designed to encourage thoughtful reflection, discussion, and application of
knowledge gained from Chapter 2.2, fostering a deeper understanding of DC electricity generation with
a dynamo.



Chapter 2.3 - AC Electricity Generation Test with
Alternator

Learning Outcomes
1. Comprehend the Principles of AC Electricity Generation:
e |dentify and articulate the foundational principles underlying AC electricity generation
through an alternator.
e Demonstrate an understanding of the key components and mechanisms involved in AC
electricity generation.
2. Develop Practical Proficiency in Alternator Assembly:
e Acquire hands-on skills in assembling an alternator for AC electricity generation.
e Execute the assembly process, ensuring proper connection of components to facilitate
the subsequent generation test.
3. Conduct AC Electricity Generation Test:
e Follow a systematic approach to conduct an AC electricity generation test with an
alternator.
e Employ measurement tools effectively to record and analyze alternating voltage and
current outputs during the testing phase.
4. Distinguish Between AC and DC Generation Processes:
e Engage in a comparative analysis of AC and DC electricity generation, specifically
focusing on the principles elucidated in this chapter.
e Identify the distinct features, applications, and advantages of AC electricity generation
using an alternator.
5. Recognize the Historical and Contemporary Relevance of Alternators:
e Appreciate the historical significance of alternators in the context of electricity
generation.
e Understand the contemporary applications and relevance of alternators in diverse
industries and technological advancements.
6. Apply Theoretical Knowledge to Practical Scenarios:
e Translate theoretical insights into practical applications by discussing real-world
scenarios where AC electricity generation with an alternator might be employed.
e Analyze the advantages and limitations of utilizing alternators in specific contexts.
7. Ensure Safety and Efficiency in Alternator Experimentation:
e Emphasize the importance of safety protocols during the assembly and testing phases
of alternators.
e Demonstrate efficiency and responsibility in laboratory practices when experimenting
with alternators.
8. Integrate Theoretical Understanding with Practical Skills:
e Establish connections between theoretical concepts of AC electricity generation and
the practical skills acquired during the alternator assembly and testing processes.
e lllustrate the relevance of hands-on experience in reinforcing theoretical knowledge.



9. Engage in Collaborative Learning:
e Foster a collaborative learning environment by participating in discussions and group
activities related to AC electricity generation with an alternator.
e Share insights, challenges, and discoveries with peers to enhance collective
understanding.
10. Enhance Critical Thinking and Troubleshooting Abilities:
e Develop critical thinking skills by troubleshooting and addressing potential challenges
encountered during the alternator assembly and testing.
e Formulate solutions and adaptations to optimize the performance of the AC electricity
generation system.

These learning outcomes are designed to ensure that learners acquire a comprehensive understanding
of AC electricity generation principles using an alternator and develop practical skills that bridge
theoretical knowledge with hands-on application.

Chapter Synopsis

Chapter 2.3 delves into the intricacies of AC electricity generation through a comprehensive exploration
of the Alternator. This chapter guides learners through both theoretical insights and hands-on
experiences, focusing on the assembly and testing of an alternator to generate alternating current (AC)
electricity.

The chapter commences by unraveling the fundamental principles that govern AC electricity generation,
providing learners with a theoretical foundation for the subsequent practical exercises. Essential
components of an alternator and the mechanisms facilitating AC electricity generation are explored,
laying the groundwork for hands-on experimentation.

A substantial portion of the chapter is devoted to hands-on learning, where learners gain practical
proficiency in assembling an alternator. The step-by-step assembly process, complemented by visual
aids, ensures a clear understanding of the intricate interconnections among components.

Central to the chapter is the AC electricity generation test with the alternator. Learners follow systematic
procedures to conduct the test, utilizing measurement tools to record and analyze alternating voltage
and current outputs. The emphasis is not only on theoretical knowledge but also on the application of
this knowledge through real-world experimentation.

Throughout the chapter, a comparative analysis unfolds, differentiating between AC and DC electricity
generation. Learners explore the unique features, applications, and advantages of AC electricity
generation using an alternator, fostering a holistic understanding of electrical power systems.

The historical significance and contemporary relevance of alternators are underscored, shedding light
on their pivotal role in electricity generation. Practical applications and limitations of alternators are
discussed, providing learners with a broader perspective on the significance of alternators in various
contexts.

Furthermore, the chapter encourages collaborative learning through group discussions and activities
related to AC electricity generation with an alternator. Learners engage in sharing insights, challenges,
and practical discoveries, fostering a dynamic and interactive learning environment.

Safety and efficiency during experimentation are paramount, and the chapter emphasizes the adherence
to safety protocols during the alternator assembly and testing phases. Learners are encouraged to



develop critical thinking skills by troubleshooting challenges and proposing solutions to optimize the
performance of the AC electricity generation system.

In summary, Chapter 2.3 serves as a bridge between theoretical knowledge and practical application,
offering a holistic learning experience. From understanding the principles of AC electricity generation
to hands-on alternator assembly and testing, learners emerge with a comprehensive skill set and a deeper
appreciation for the practical implications of alternator technology in the realm of electricity generation.

Review and Discussion Questions

1. Significance of Alternator Assembly:
Discuss the significance of assembling an alternator for AC electricity generation. How does the hands-
on experience contribute to a deeper understanding of the theoretical principles covered in the chapter?
Can you identify real-world applications where alternator assembly skills might be crucial?

2. Comparative Analysis of AC and DC Generation:
Compare and contrast the principles of AC electricity generation explored in Chapter 2.3 with those of
DC electricity generation. What are the key distinctions between these two types of electrical power,
and how do their applications differ? Discuss scenarios where AC generation, as demonstrated with the
alternator, might be preferred over DC generation.

3. Hands-on Learning and Skill Development:
Reflect on your experience in assembling and testing the alternator for AC electricity generation. How
did the hands-on learning enhance your understanding of the components and mechanisms involved?
In what ways did the practical exercise contribute to the development of technical skills?

4. Application of Alternator Technology:
Explore potential applications of alternator technology beyond the laboratory setting. How might the
principles learned in this chapter be applied in real-world scenarios, industries, or technological
advancements? Discuss both historical and contemporary uses of alternators.

5. Safety Protocols and Best Practices:
Highlight the safety protocols and best practices discussed in the chapter for assembling and testing
alternators. Why is it crucial to follow safety measures during such experiments? Discuss the potential
risks associated with alternator assembly and testing and propose additional safety measures.

6. Troubleshooting and Optimization:
Share insights into any challenges faced during the alternator assembly and testing process. How did
you troubleshoot issues, and what solutions were implemented to optimize the AC electricity generation
system? Discuss the importance of critical thinking in addressing challenges during experimental
setups.

7. Collaborative Learning and Group Discussions:
Reflect on the collaborative learning environment fostered in group discussions and activities related to
AC electricity generation with an alternator. How did group interactions enhance your understanding
of the subject matter? Share any notable discoveries or insights gained through collaborative learning.

8. Future Applications and Technological Advancements:
Consider the future directions outlined in the chapter regarding alternator technology. How might
advancements in this area contribute to evolving energy systems and technological innovations?
Discuss potential areas for research and development in AC electricity generation with alternators.



These questions are designed to encourage thoughtful reflection, discussion, and application of
knowledge gained from Chapter 2.3, fostering a deeper understanding of AC electricity generation with
an alternator.



Chapter 2.4. Application of Charge and Discharge
Processes with Capacitor

Learning Outcomes

1. Master the Fundamentals of Capacitor Charge and Discharge:
Articulate the fundamental principles governing the charge and discharge processes of capacitors.
Demonstrate a comprehensive understanding of the mechanisms involved in storing and releasing
electrical energy within a capacitor.

2. Develop Practical Skills in Capacitor Circuit Construction:
Acquire hands-on skills in constructing capacitor circuits to facilitate charge and discharge processes.
Execute the assembly process, ensuring proper connections and configurations for optimal performance
during experimentation.

3. Conduct Charge and Discharge Experiments:
Follow systematic procedures to conduct charge and discharge experiments with capacitors.
Utilize appropriate instrumentation to measure and analyze voltage and current variations throughout
the charge and discharge cycles.

4. Differentiate Between Charging and Discharging Characteristics:
Engage in a comparative analysis of capacitor charging and discharging characteristics.
Identify key distinctions in the time constants, voltage waveforms, and energy storage/release dynamics
during the charge and discharge processes.

5. Apply Capacitor Principles to Real-world Applications:
Translate theoretical insights into practical applications by discussing real-world scenarios where
capacitors play a crucial role in charge and discharge processes.
Analyze the advantages and limitations of capacitor applications in specific contexts, such as energy
storage systems and electronic devices.

6. Recognize the Significance of Capacitors in Electronics:
Appreciate the essential role of capacitors in electronic circuits and devices.
Understand how capacitors contribute to signal processing, filtering, and energy management in
electronic applications.

7. Ensure Safety and Precision in Capacitor Experiments:
Emphasize the importance of safety protocols during capacitor circuit construction and
experimentation.
Demonstrate precision in measurements and observations, considering the dynamic nature of charge
and discharge processes.

8. Integrate Theoretical Understanding with Practical Skills:
Establish connections between theoretical concepts of capacitor charge and discharge and the practical
skills acquired during circuit construction and experimentation.
Illustrate the relevance of hands-on experience in reinforcing theoretical knowledge.

9. Engage in Collaborative Learning:
Foster a collaborative learning environment by participating in discussions and group activities related
to capacitor charge and discharge processes.
Share insights, challenges, and discoveries with peers to enhance collective understanding.



10. Enhance Critical Thinking and Troubleshooting Abilities:
Develop critical thinking skills by troubleshooting and addressing potential challenges encountered
during capacitor experiments.
Formulate solutions and adaptations to optimize the performance of capacitor circuits in charge and
discharge processes.

These learning outcomes are designed to ensure that learners gain a comprehensive understanding of
capacitor charge and discharge processes, coupled with practical skills that bridge theoretical
knowledge with hands-on application.

Chapter Synopsis

Chapter 2.4 delves into the practical application of charge and discharge processes with capacitors,
offering learners both theoretical insights and hands-on experiences. The chapter focuses on
constructing capacitor circuits and conducting experiments to explore the dynamic processes of storing
and releasing electrical energy.

The chapter begins by unraveling the fundamental principles governing the charge and discharge
processes of capacitors, providing learners with a solid theoretical foundation. Essential components of
capacitor circuits and the intricate dynamics involved in energy storage and release are explored, setting
the stage for practical experimentation.

A substantial portion of the chapter is dedicated to hands-on learning, where learners develop practical
skills in constructing capacitor circuits. The assembly process emphasizes proper connections and
configurations, ensuring the efficacy of the circuits during subsequent experimentation.

Central to the chapter are the charge and discharge experiments conducted with capacitors. Learners
follow systematic procedures, utilizing measurement tools to record and analyze voltage and current
variations throughout the dynamic charge and discharge cycles. The emphasis is not only on theoretical
knowledge but also on the application of this knowledge through real-world experimentation.

The chapter includes a comparative analysis of charging and discharging characteristics, allowing
learners to identify key distinctions in time constants, voltage waveforms, and energy storage/release
dynamics during these processes.

Real-world applications of capacitors are explored, engaging learners in discussions about scenarios
where capacitors play a vital role in charge and discharge processes. The advantages and limitations of
capacitor applications in specific contexts, such as energy storage systems and electronic devices, are
analyzed.

The essential role of capacitors in electronics is underscored, providing learners with an appreciation of
how capacitors contribute to signal processing, filtering, and energy management in electronic
applications.

Safety protocols are emphasized throughout the chapter, highlighting the importance of precision in
measurements and observations during the dynamic charge and discharge processes.

In summary, Chapter 2.4 serves as a bridge between theoretical knowledge and practical application,
offering a holistic learning experience. From understanding the principles of capacitor charge and
discharge to hands-on circuit construction and experimentation, learners emerge with a comprehensive
skill set and a deeper appreciation for the practical implications of capacitor technology in the realm of
energy storage and electronic systems.



Review and Discussion Questions

1. Significance of Charge and Discharge Processes:
Discuss the significance of understanding and applying charge and discharge processes with capacitors.
How do these processes play a crucial role in energy storage systems and electronic devices? Can you
think of specific applications where these processes are essential?

2. Comparative Analysis of Charging and Discharging:
Compare and contrast the characteristics of capacitor charging and discharging processes explored in
Chapter 2.4. What are the key distinctions in time constants, voltage waveforms, and energy dynamics
during these processes? Discuss scenarios where one process might be favored over the other.

3. Hands-on Learning and Skill Development:
Reflect on your experience in constructing capacitor circuits and conducting charge and discharge
experiments. How did the hands-on learning enhance your understanding of energy storage and release
dynamics? In what ways did the practical exercises contribute to the development of technical skills?

4. Real-world Applications of Capacitors:
Explore real-world applications where capacitors are pivotal in charge and discharge processes. How
do capacitors contribute to energy storage systems, and what roles do they play in electronic devices?
Discuss specific examples and industries where capacitors are extensively utilized.

5. Advantages and Limitations of Capacitor Applications:
Analyze the advantages and limitations of capacitor applications in specific contexts. How do capacitors
excel in certain scenarios, and what constraints might they face in other applications? Discuss
considerations for selecting capacitors based on their characteristics.

6. Role of Capacitors in Electronics:
Discuss the essential role of capacitors in electronic circuits and devices. How do capacitors contribute
to signal processing, filtering, and energy management in electronic applications? Explore specific
examples where capacitors enhance electronic functionalities.

7. Safety Protocols and Precision in Experiments:
Highlight the safety protocols emphasized during capacitor circuit construction and experimentation.
Why is precision in measurements and observations crucial during the dynamic charge and discharge
processes? Discuss potential risks associated with capacitor experiments and propose additional safety
measures.

8. Troubleshooting and Optimization:
Share insights into any challenges faced during capacitor experiments. How did you troubleshoot issues,
and what solutions were implemented to optimize the performance of capacitor circuits? Discuss the
importance of critical thinking in addressing challenges during experimental setups.

9. Collaborative Learning and Group Discussions:
Reflect on the collaborative learning environment fostered in group discussions and activities related to
capacitor charge and discharge processes. How did group interactions enhance your understanding of
the subject matter? Share any notable discoveries or insights gained through collaborative learning.

10. Future Directions in Capacitor Technology:
Consider the future directions outlined in the chapter regarding capacitor technology. How might
advancements in capacitor technology contribute to evolving energy systems and electronic
innovations? Discuss potential areas for research and development in capacitor applications.



These questions are designed to encourage thoughtful reflection, discussion, and application of
knowledge gained from Chapter 2.4, fostering a deeper understanding of the practical implications of
capacitor charge and discharge processes.



Chapter 2.5. Charging and Discharging Processes in
Batteries and Batteries

Learning Outcomes
1. Comprehend Battery Charging and Discharging Principles:

e Articulate the fundamental principles governing the charging and discharging
processes in batteries.

e Demonstrate a comprehensive understanding of the electrochemical reactions and
energy dynamics involved in storing and releasing electrical energy within batteries.

2. Develop Practical Proficiency in Battery Operation:

e Acquire hands-on skills in operating batteries and facilitating charge and discharge
processes.

e Execute procedures for charging and discharging batteries, ensuring proper handling
and safety precautions.

3. Conduct Battery Charge and Discharge Experiments:

e Follow systematic procedures to conduct charge and discharge experiments with
batteries.

e Utilize appropriate instrumentation to measure and analyze voltage and current
variations throughout the charging and discharging cycles.

4. Differentiate Between Battery Types and Chemistries:

e Engage in a comparative analysis of different battery types and chemistries.

e ldentify key distinctions in the charging and discharging characteristics of common
battery technologies, such as lead-acid, lithium-ion, and nickel-based batteries.

5. Apply Battery Principles to Real-world Scenarios:

e Translate theoretical insights into practical applications by discussing real-world
scenarios where batteries play a crucial role in energy storage systems and electronic
devices.

e Analyze the advantages and limitations of specific battery types in different
applications.

6. Recognize the Impact of Battery Characteristics on Performance:

e Appreciate how the characteristics of batteries, such as capacity, voltage, and
efficiency, impact their performance during charge and discharge processes.

e Understand the significance of selecting appropriate batteries based on specific
application requirements.

7. Ensure Safety and Efficiency in Battery Operations:

e Emphasize the importance of safety protocols during battery charging and discharging
operations.

e Demonstrate efficiency and responsibility in handling batteries, considering the
potential risks associated with improper use.

8. Integrate Theoretical Understanding with Practical Skills:

e Establish connections between theoretical concepts of battery charging and discharging

and the practical skills acquired during experimental operations.



e lllustrate the relevance of hands-on experience in reinforcing theoretical knowledge.
9. Engage in Collaborative Learning:
e Foster a collaborative learning environment by participating in discussions and group
activities related to battery charging and discharging processes.
e Share insights, challenges, and discoveries with peers to enhance collective
understanding.
10. Enhance Critical Thinking and Troubleshooting Abilities:
e Develop critical thinking skills by troubleshooting and addressing potential challenges
encountered during battery operations.
e Formulate solutions and adaptations to optimize the performance of batteries in charge
and discharge processes.

These learning outcomes are designed to ensure that learners gain a comprehensive understanding of
battery charging and discharging processes, coupled with practical skills that bridge theoretical
knowledge with hands-on application.

Chapter Synopsis

Chapter 2.5 delves into the intricate processes of charging and discharging within batteries, offering
learners a comprehensive exploration of electrochemical reactions and energy dynamics. The chapter
emphasizes both theoretical understanding and practical application, guiding learners through hands-on
experiments with various battery technologies.

The chapter commences by unraveling the fundamental principles governing the charging and
discharging processes in batteries. A solid theoretical foundation is provided, detailing the
electrochemical reactions that occur during energy storage and release within different battery types.
Hands-on learning takes center stage as learners develop practical proficiency in operating batteries and
conducting charge and discharge experiments. The chapter emphasizes the importance of proper
handling, safety precautions, and systematic procedures for effective experimentation.

Central to the chapter is a comparative analysis of different battery types and chemistries. Learners
explore the charging and discharging characteristics of common battery technologies, such as lead-acid,
lithium-ion, and nickel-based batteries. The distinctions in performance and applications of these
batteries are highlighted to provide a nuanced understanding.

Real-world applications of batteries are discussed, engaging learners in conversations about scenarios
where batteries play a crucial role in energy storage systems and electronic devices. The advantages
and limitations of specific battery types in different applications are analyzed, fostering a practical
understanding of their diverse uses.

The impact of battery characteristics, including capacity, voltage, and efficiency, on performance is
underscored. Learners gain insights into the significance of selecting appropriate batteries based on
specific application requirements, considering the dynamic nature of charge and discharge processes.

Throughout the chapter, safety protocols are emphasized to ensure secure battery operations during
charging and discharging cycles. Learners are encouraged to demonstrate efficiency and responsibility
in handling batteries, recognizing the potential risks associated with improper use.



In summary, Chapter 2.5 serves as a bridge between theoretical knowledge and practical application,
offering a holistic learning experience. From understanding the principles of battery charging and
discharging to hands-on experimentation with various battery technologies, learners emerge with a
comprehensive skill set and a deeper appreciation for the practical implications of batteries in energy
storage systems and electronic devices.

Review and Discussion Questions
1. Significance of Understanding Battery Processes:

e Discuss the significance of understanding and applying the charging and discharging
processes within batteries. How do these processes play a crucial role in various
applications, ranging from portable electronics to electric vehicles? Can you identify
specific industries where the understanding of battery processes is paramount?

2. Comparative Analysis of Battery Technologies:

e Compare and contrast the charging and discharging characteristics of different battery
technologies explored in Chapter 2.5. What are the key distinctions between common
battery types, such as lead-acid, lithium-ion, and nickel-based batteries? Discuss
scenarios where one battery technology might be preferred over another.

3. Hands-on Learning and Experimental Insights:

e Reflect on your experience in operating batteries and conducting charge and discharge
experiments. How did the hands-on learning enhance your understanding of
electrochemical reactions and energy dynamics within batteries? In what ways did the
practical exercises contribute to the development of technical skills?

4. Real-world Applications of Battery Technologies:

e Explore real-world applications where specific battery technologies are essential. How
do lead-acid batteries differ in applications compared to lithium-ion batteries? Discuss
scenarios where each type of battery excels based on their charging and discharging
characteristics.

5. Advantages and Limitations of Battery Types:

e Analyze the advantages and limitations of specific battery types in different contexts.
How do different batteries perform under varying conditions, and what considerations
should be made when selecting batteries for specific applications? Discuss the trade-
offs between capacity, voltage, and efficiency.

6. Role of Charging and Discharging Processes in Energy Systems:

e Discuss the role of charging and discharging processes in energy storage systems. How
do batteries contribute to balancing energy supply and demand, and what challenges
and opportunities arise in large-scale energy storage applications? Explore the
implications for renewable energy integration.

7. Safety Protocols and Responsible Battery Handling:

e Highlight the safety protocols emphasized during battery operations, including
charging and discharging cycles. Why is responsible handling crucial, and what
potential risks are associated with improper battery use? Discuss additional safety
measures that can be implemented to ensure secure battery operations.



8. Troubleshooting and Optimization in Battery Operations:

e Share insights into any challenges faced during battery operations and experiments.
How did you troubleshoot issues, and what solutions were implemented to optimize
the performance of batteries in charge and discharge processes? Discuss the importance
of critical thinking in addressing challenges during experimental setups.

9. Collaborative Learning and Group Discussions:

e Reflect on the collaborative learning environment fostered in group discussions and
activities related to battery charging and discharging processes. How did group
interactions enhance your understanding of the subject matter? Share any notable
discoveries or insights gained through collaborative learning.

10. Future Trends and Innovations in Battery Technologies:

e Consider the future directions outlined in the chapter regarding advancements in battery
technologies. How might evolving technologies impact the efficiency and applications
of batteries? Discuss potential areas for research and development in battery
technology.

These questions are designed to encourage thoughtful reflection, discussion, and application of
knowledge gained from Chapter 2.5, fostering a deeper understanding of the practical implications of
charging and discharging processes in batteries.



Aprendix I: Module Applications

Application 2.1: Exploration of Stages in Electricity Generation,

Transmission, and Distribution

Application 2.1 is crafted to provide vocational high school students with a hands-on exploration of the
stages involved in electricity generation, transmission, and distribution. Over the course of three
sessions, each lasting two hours, students will actively engage in practical activities to enhance their
understanding of the complex processes that bring electricity from generation sources to end-users.
The application necessitates the availability of essential equipment, including schematic diagrams,
power system models, and safety gear. Before commencing the practical activities, students will
undergo a comprehensive safety briefing to ensure a secure learning environment.

The step-by-step process begins with an introduction to the different stages of electricity generation,
highlighting key concepts such as power plants, renewable sources, and grid connections. Students will
then move on to the transmission phase, exploring how electricity travels across long distances through
power lines and grids.

The practical aspect involves the construction of a simple power transmission model using visual aids
and circuit components. This hands-on activity enables students to visualize the flow of electricity and
comprehend the challenges associated with long-distance transmission.

In the distribution phase, students will simulate the distribution of electricity to various endpoints, such
as homes and industries. The use of mock distribution panels and meters allows students to interact with
the equipment used in real-world scenarios.

Observations and findings will be documented in individual reports, emphasizing key learnings from
each stage. Group discussions will be encouraged to promote collaborative learning, where students can
share insights and discuss challenges faced during the practical exercises.

The cleanup process at the end of each session ensures that all equipment is properly stored, and the
learning environment is left organized and safe.

Scoring for the application will be based on criteria such as the accuracy of schematic interpretations,
successful completion of the practical model, adherence to safety protocols, and active participation in
group discussions.

Students will respond to reflective questions that prompt them to analyze the challenges faced in
electricity transmission, the significance of each stage in the power supply chain, and potential
improvements to enhance efficiency. Through this hands-on exploration, students are expected to gain
practical insights into the complexities of electricity generation, transmission, and distribution, fostering
a deeper understanding of the broader energy system.

Application 2.2: Hands-on Exploration of DC Electricity Generation with

Dynamo
Application 2.2 is meticulously designed to provide vocational high school students with a practical
understanding of DC electricity generation using dynamos. Through three engaging sessions, each



lasting two hours, students will actively participate in experiments, dissect dynamos, and explore the
principles behind generating direct current.

The application necessitates the availability of essential equipment, including dynamos, multimeters,
circuit components, and safety gear. Before embarking on the practical activities, students will undergo
a thorough safety briefing to ensure a secure learning environment.

The step-by-step process begins with an introduction to the principles of DC electricity generation. Key
concepts, such as electromagnetic induction and the role of dynamos in converting mechanical energy
to electrical energy, will be discussed.

The practical aspect involves hands-on experimentation with dynamos. Students will assemble simple
circuits, connect dynamos, and measure the generated DC voltage using multimeters. This interactive
exercise allows students to witness the direct correlation between mechanical motion and electrical
output.

A crucial component of the application is the dissection of dynamos. Under guidance, students will
carefully dismantle dynamos to observe internal components such as the armature, field coils, and
commutator. A digital microscope, if available, can provide a closer look, enhancing the learning
experience.

Observations and findings will be documented in individual reports, emphasizing key learnings from
each session. Group discussions will be encouraged to facilitate collaborative learning, where students
can share insights and discuss challenges encountered during the practical exercises.

The cleanup process at the end of each session ensures that all equipment is properly stored, and the
learning environment is left organized and safe.

Scoring for the application will be based on criteria such as the accuracy of voltage measurements,
successful assembly of circuits, adherence to safety protocols during the dynamo dissection, and active
participation in group discussions.

Students will respond to reflective questions that prompt them to analyze the relationship between
mechanical motion and DC electricity generation, the role of specific components within dynamos, and
potential applications of DC generators in real-world scenarios. Through this hands-on exploration,
students are expected to gain practical insights into the principles of DC electricity generation using
dynamos, fostering a deeper understanding of electrical systems.

Application 2.3: Exploring AC Electricity Generation with Alternator
Application 2.3 is thoughtfully designed to immerse vocational high school students in the practical
aspects of AC electricity generation using alternators. Over the course of three dynamic sessions, each
lasting two hours, students will actively engage in hands-on experiments, dissect alternators, and gain
insights into the principles of generating alternating current.

The application requires the availability of essential equipment, including alternators, multimeters,
circuit components, and safety gear. Before delving into the practical activities, students will undergo
a comprehensive safety briefing to ensure a secure learning environment.

The step-by-step process begins with an introduction to the fundamental principles of AC electricity
generation. Key concepts, such as electromagnetic induction and the role of alternators in converting
mechanical energy to electrical energy, will be explored.



The practical aspect involves hands-on experimentation with alternators. Students will construct
circuits, connect alternators, and measure the generated AC voltage using multimeters. This interactive
exercise allows students to observe the generation of alternating current and comprehend the underlying
principles.

A pivotal component of the application is the dissection of alternators. Under guidance, students will
carefully dismantle alternators to observe internal components such as the rotor, stator, and slip rings.
The use of a digital microscope, if available, can provide a detailed examination, enhancing the learning
experience.

Observations and findings will be documented in individual reports, emphasizing key learnings from
each session. Group discussions will be encouraged to facilitate collaborative learning, where students
can share insights and discuss challenges faced during the practical exercises.

The cleanup process at the end of each session ensures that all equipment is properly stored, and the
learning environment is left organized and safe.

Scoring for the application will be based on criteria such as the accuracy of voltage measurements,
successful assembly of circuits, adherence to safety protocols during the alternator dissection, and active
participation in group discussions.

Students will respond to reflective questions that prompt them to analyze the characteristics of
alternating current generation, the significance of specific components within alternators, and potential
applications of AC generators in real-world scenarios. Through this hands-on exploration, students are
expected to gain practical insights into the principles of AC electricity generation using alternators,
fostering a deeper understanding of electrical systems.

Application 2.4: Hands-on Exploration of Charge and Discharge Processes

with Capacitors

Application 2.4 is thoughtfully crafted to provide vocational high school students with a practical
understanding of charge and discharge processes with capacitors. Across three engaging sessions, each
lasting two hours, students will actively participate in experiments, construct capacitor circuits, and gain
insights into the principles behind energy storage and release.

The application requires the availability of essential equipment, including capacitors, resistors,
multimeters, and safety gear. Before commencing the practical activities, students will undergo a
thorough safety briefing to ensure a secure learning environment.

The step-by-step process begins with an introduction to the fundamental principles of charge and
discharge processes with capacitors. Key concepts, such as capacitance, voltage, and time constants,
will be explored to establish a solid theoretical foundation.

The practical aspect involves hands-on experimentation with capacitors. Students will construct RC
circuits, observe the charge and discharge processes, and measure voltage variations using multimeters.
This interactive exercise allows students to witness the time-dependent behavior of capacitors and
understand the factors influencing charge and discharge rates.

A significant component of the application is group discussions. Students will engage in collaborative
learning, sharing insights and discussing challenges faced during the practical exercises. These
discussions will foster critical thinking and deepen their understanding of the applications of capacitors.



Observations and findings will be meticulously recorded in individual reports, emphasizing key
learnings from each session. The cleanup process at the end of each session ensures that all equipment
is properly stored, and the learning environment is left organized and safe.

Scoring for the application will be based on criteria such as the accuracy of voltage measurements,
successful construction of capacitor circuits, adherence to safety protocols, and active participation in
group discussions.

Students will respond to reflective questions that prompt them to analyze the time constants in charge
and discharge processes, the factors influencing capacitor performance, and potential applications of
capacitors in electronic devices. Through this hands-on exploration, students are expected to gain
practical insights into the principles of energy storage and release with capacitors, fostering a deeper
understanding of electronic systems.

Application 2.5: Immersive Exploration of Charging and Discharging

Processes in Batteries

Application 2.5 is meticulously designed to provide vocational high school students with an immersive
understanding of charging and discharging processes in batteries. Over the course of three
comprehensive sessions, each lasting two hours, students will actively engage in hands-on experiments,
dissect various batteries, and gain insights into the principles of energy storage and release.

The application requires the availability of essential equipment, including diverse batteries (Alkaline,
Lithium-ion, Lead-acid, Nickel-Cadmium, Nickel-metal hydride), multimeters, circuit components, and
safety gear. Prior to commencing practical activities, students will undergo a thorough safety briefing
to ensure a secure learning environment.

The step-by-step process begins with an introduction to the fundamental principles of charging and
discharging processes in batteries. Key concepts, such as electrochemical reactions, energy dynamics,
and battery types, will be explored to establish a solid theoretical foundation.

The practical aspect involves hands-on experimentation with various batteries. Students will construct
circuits, observe the charging and discharging processes, and measure voltage variations using
multimeters. This interactive exercise allows students to witness the diverse behaviors of batteries and
understand the factors influencing charge and discharge rates.

A crucial component of the application is the dissection of batteries. Under guidance, students will
carefully dismantle different types of batteries to observe internal components such as anodes, cathodes,
separators, and electrolytes. A digital microscope, if available, can provide a detailed examination,
enhancing the learning experience.

Observations and findings will be meticulously recorded in individual reports, emphasizing key
learnings from each session. Group discussions will be encouraged to facilitate collaborative learning,
where students can share insights and discuss challenges encountered during the practical exercises.

The cleanup process at the end of each session ensures that all equipment is properly stored, and the
learning environment is left organized and safe.

Scoring for the application will be based on criteria such as the accuracy of voltage measurements,
successful construction of battery circuits, adherence to safety protocols during battery dissection, and
active participation in group discussions.



Students will respond to reflective questions that prompt them to analyze the diverse behaviors of
batteries, the factors influencing charging and discharging processes, and potential applications of
different battery types in real-world scenarios. Through this hands-on exploration, students are expected
to gain practical insights into the principles of energy storage and release in batteries, fostering a deeper
understanding of electrochemical systems.



Aprendix Il: Module Further Reading Material for
Teachers

Application 2.1: Stages of Generation, Transmission and Distribution of

Electricity
1. Book: "Electric Power Systems: A Conceptual Introduction™
e Author: Alexandra von Meier
e Publisher: John Wiley & Sons
e This comprehensive book provides an in-depth exploration of electric power systems,
covering the stages of generation, transmission, and distribution. It is an excellent
resource for teachers seeking a detailed understanding of the interconnected
components of electrical grids.
2. Article: "Challenges in Modern Power Systems"*
e Authors: Haibo He, Liyan Qu, and Jun Yan
e Journal: IEEE Transactions on Smart Grid
e This article discusses the challenges faced in modern power systems, offering insights
into the complexities of generation, transmission, and distribution. Teachers can gain
valuable perspectives on current issues and emerging trends in the field.
3. Online Resource: "Electricity Transmission and Distribution - Overview"
e Source: The Institution of Engineering and Technology (IET)
e Link: IET Overview
e The IET provides an overview of electricity transmission and distribution, covering
key concepts and technologies. Teachers can use this resource to supplement their
knowledge and access additional materials.

Application 2.2: DC Electricity Generation Test with Dynamo
1. Book: "Principles of Electric Machines and Power Electronics™

e Author: P.C. Sen

e Publisher: John Wiley & Sons

e This book offers a comprehensive understanding of electric machines, including
dynamos. Teachers can find detailed explanations of DC generators, making it a
valuable resource for enhancing knowledge related to DC electricity generation.

2. Journal Article: ""Performance Analysis of DC Dynamo in Renewable Energy Systems"'

e Authors: Rajeev Kumar and A. K. Akella

e Journal: International Journal of Renewable Energy Research (IJRER)

e This article delves into the performance analysis of DC dynamos in renewable energy
systems. Teachers can gain insights into the application of dynamos in the context of
sustainable energy.

3. Online Resource: ""DC Generator Working Principle and Parts™

e Source: Electronics Hub

e Link: DC Generator Overview



https://www.theiet.org/publishing/library-archives/the-iet-archives/electricity-transmission-and-distribution/
https://www.electronicshub.org/dc-generator-working-principle-and-parts/

e Electronics Hub provides a concise overview of the working principle and parts of a
DC generator. Teachers can use this resource for additional reference and to
supplement classroom discussions.

Application 2.3: AC Electricity Generation Test with Alternator
1. Book: "Electric Motors and Drives: Principles, Control, Modeling, and Simulation™
e Author: Shaahin Filizadeh
e Publisher: Academic Press
e This comprehensive book covers electric motors and alternators. Teachers can explore
detailed explanations of AC generators and alternators, gaining a deeper understanding
of their principles and applications.
2. Journal Article: ""Alternator Dynamics and Control: A Comprehensive Review"
e Authors: M. A. S. Masoum, H. Dehbonei, and E. F. Fuchs
e Journal: IEEE Transactions on Energy Conversion
e This review article provides an in-depth analysis of alternator dynamics and control.
Teachers can use this resource to explore advanced topics related to AC electricity
generation.
3. Online Resource: "Introduction to Alternating Current (AC) Generators"*
e Source: All About Circuits
e Link: AC Generators Overview
e All About Circuits offers an introduction to AC generators, providing teachers with
additional material for classroom discussions and supplementary readings.

Application 2.4: Application of Charge and Discharge Processes with

Capacitor
1. Book: "Introduction to Electric Machines and Drives"
e Author: Paul C. Krause
e Publisher: Wiley-IEEE Press
e This book covers fundamental concepts related to electric machines, including
capacitors. Teachers can explore chapters on capacitors and their applications in
electric systems.
2. Journal Article: ""Modeling and Simulation of Capacitors in Power Systems"
e Authors: M. Bogdan, G. Carpinelli, and P. Varilone
e Journal: IEEE Transactions on Power Systems
e This article provides insights into the modeling and simulation of capacitors in power
systems. Teachers can use this resource to deepen their understanding of capacitor
applications.
3. Online Resource: ""Capacitors and Capacitance™
e Source: Electronics Tutorials
e Link: Capacitors Overview
e Electronics Tutorials offers a detailed overview of capacitors and capacitance.
Teachers can refer to this resource for additional explanations and examples related to
capacitor applications.



https://www.allaboutcircuits.com/textbook/alternating-current/chpt-10/introduction-to-alternating-current-ac-generators/
https://www.electronics-tutorials.ws/capacitor/cap_1.html

Application 2.5: Charging and Discharging Processes in Batteries and

Batteries
1. Book: "Battery Technology Handbook™
e Author: H.A. Kiehne
e Publisher: CRC Press
e This handbook provides a comprehensive overview of battery technology, covering
charging and discharging processes. Teachers can delve into chapters that explore
various battery types and their applications.
2. Journal Article: ""Recent Advances in Battery Technologies for Electric Vehicles™
e Authors: S. Saravanan and M. Usha
e Journal: Journal of Energy Storage



Module 3
PRINCIPLES OF DIRECT CURRENT

Chapter 3.1 - OHM Law Practice

Learning outcomes
1. Explain the role of Ohm's Law in direct current circuits.
2. ldentify the electrical quantities measured and the corresponding measuring devices.
3. Explains how to work with the multimeter for measuring voltage, intensity in direct current
circuits, measuring electrical resistances.
4. Calculate the power consumed by an electric bicycle motor, using Ohm's Law.
5. Evaluate and interpret the results obtained.

Chapter synopsis

Chapter 3.1 presents the fundamental law, Ohm's Law, which is the basis of electric circuits powered
by direct current (DC).

This law is the fundamental principle behind the electrical systems of electric bicycles.

In this chapter we will focus on the use of electrical devices for measuring electrical quantities in direct
current: voltage, intensity and electrical resistance.

We will identify safety rules in the use of measuring instruments, so that the results are not erroneous.
We will analyze and optimize the performance of the DC system in the electric bicycle.

This chapter is designed to provide educators with an overview of the use of Ohm's Law in the electric
bicycle to improve understanding and facilitate classroom discussions.

Review and discussion questions
1. Discuss the application of Ohm's Law in d.c. circuits.
2. ldentify the elements of the electrical diagram, make the electrical diagram.
3. Measure the electrical quantities and interpret the measurement results.
4. Calculate the electric power of an electric bicycle, knowing its functional parameters.



Chapter 3.2 - Serial, Parallel and Mixed Circuit
Connections and Applications

Learning outcomes

1. After completing this chapter, students will be able to determine the total resistance of resistors
connected in series, parallel, mixed.

2. After successfully determining the total resistance, the students will make electric circuits with
the groupings: series, parallel, mixed.

3. After supplying DC to the circuit, they will check the voltage/current ratio, which gives the
total resistance of the circuit.

4. Learners will be able to perform a comparative analysis by correlating measured data with
calculated results.

Chapter synopsis

In chapter 3.2, different ways of connecting electrical resistors (electrical resistances) and the
verification of Ohm's law are presented. Through these connections, the aim is to replace several
resistors in electrical circuits with a single resistor, which will simplify an electrical scheme from a
constructive point of view. These connections are intended to obey Ohm's Law in practical applications.
After carrying out the experiments, the students will check the measured results and present the
conclusions.

Review and discussion questions

1.

Discuss the values of resistors connected in series, parallel, mixed for various values ( equal
resistors).

Discuss the uses of these groupings for making current, voltage dividers.

Compare these groupings with the possibility of expanding the measurement range of
ammeters, voltmeters in direct current circuits (shunt, additional resistance)



Chapter 3.3 - Application of Environmental Currents
Method

Learning outcomes
1. Inchapter 3.3, the students will observe the electrothermal effect of the electric current through
a conductor, when it is traversed by the electric current.
2. The electrothermal effect of electric current is used in the case of fuses, automatic switches, to
protect electrical installations in the event of a short circuit.
3. Students will be able to determine the amount of heat given off by the conductor through the
Joule effect.

Chapter synopsis
In this chapter, a brief presentation of Ohm's law will be made:

e the intensity of the electric current is directly proportional to the electric voltage and inversely
proportional to the resistance of the resistor;

e the resistance of the resistor is directly proportional to the length of the conductor and inversely
proportional to the cross-section of the conductor, the proportionality factor is the electrical
resistivity;
the electrical resistivity depends on the nature of the material but also on the temperature;
the resistivity of metallic conductors depends on temperature and usually increases with
temperature.

The students will perform the experiment and record the values with the help of measuring devices:
ammeter, voltmeter, thermometer, for a set time interval. Students will follow the safety rules when
performing the experiment. Students will determine the value of the amount of heat measured and
recorded. they will interpret the results obtained.

Review and discussion questions
1. Explain the effect of electric current on metallic conductors.
2. Explain why the resistance of metallic conductors changes with temperature, which is the
parameter that influences the change in resistance.
3. ldentify those protective devices that use the thermal effect of electric current.



Chapter 3.4 - Battery Connection Tests

Learning outcomes

1. In this chapter, students will identify DC voltage sources, plus and minus terminals.

2. Students will measure the electromotive voltage for each battery.

3. Onaworking platform, students will make series, parallel and mixed connections.

4. Students will be able to compare the electromotive voltage values obtained by measurement
with the value obtained by calculation.

5. They will examine the voltage-current relationships by connecting the batteries in series,
parallel, mixed and compare the results obtained with the measurements.

Chapter synopsis

Teachers guiding students in this chapter will look at the types of batteries. Safety measures are
discussed at length, addressing potential hazards and safe work procedures to prevent accidents. The
electromotive voltages for each battery will be measured with the multimeter or the tester. Serial,
parallel, mixed connections will be made, paying attention to the polarity of the voltage sources. The
voltage and current in the circuit will be measured, the diagram U=f(l) will be drawn. The results will
be interpreted.

Review and discussion questions

1.

The equivalent electromotive voltage for a series connection is equal to the sum of the
electromotive voltage of the grouped batteries. What is the electromotive voltage for a series
group with n identical sources.

For a parallel grouping of electromotive voltage sources, a higher intensity current is obtained
for a certain circuit.

Under what conditions can the voltage sources be connected in parallel?



Chapter 3.5 - DC Motor Tests

Learning outcomes

1. Students will identify the components of a DC motor.

2. The tutor will ensure safe working conditions.

3. Students will identify the elements of the scheme, perform the work on the test stand for
measuring the speed of DC motors with separate excitation.

4. Inthe presence of the tutor, he will measure the excitation current with the ammeter A1, subtract
the value of the field rheostat (Rc) and read the engine speed.

5. Draw the diagram n=f(le)

Chapter synopsis

The direct current motor is powered by direct current. The direct current machine consists of a stator
(inductor) and a rotor (induced). The stator consists of a cast iron or steel casing in the core in which
the poles (main and auxiliary) are fixed with the respective windings (inductors) or without windings
in the case of permanent magnets. The two shields that carry the bearings are located on the sides of the
case. The rotor is made of sheets of electrotechnical steel, fixed on the shaft, having peripheral notches
where the active sides of the inductor coils are located. The rotor has a cylindrical collector of insulated
copper laminations mounted dovetail on a shaft hub. The ends of the rotor coils are connected to the
collector blades which make contact, during rotation, successively with the brushes located in the brush
holders which are fixed with insulating material to the stator. Carbon, copper or graphite bronze brushes
are connected by flexible copper links to the machine terminals. They are fixed in the "neutral axis",
which leads to improved commutation. According to the type of excitation we distinguish: machines
with derivation (parallel), series or mixed (compound) excitatione view and discussion questions.

Review and discussion questions
1. What are the components of the DC motor?
2. What are the natural and artificial characteristics of the dc motor.
3. How to regulate the speed of a d.c. motor?



Module 4
BATTERY TECHNOLOGIES IN
ELECTRIC VEHICLES

Chapter 4.1 - Electric energy storage need

Learning outcomes

1. Explain the role of Electric Energy Storage (EES) systems in addressing the intermittency of
renewable energy sources and their importance in ensuring grid stability and reliability.

2. ldentify and describe the various types of EES systems, including chemical, mechanical,
electrostatic, and thermal storage, and articulate the functional principles and applications of
each type.

3. Evaluate the significance of EES in modern electric grids, particularly in relation to renewable
energy integration, load leveling, and power quality improvements, and discuss the specific
needs and metrics relevant to electric vehicles (EVSs).

4. Assess the environmental and economic impacts of EES systems, understand the operational
safety and maintenance requirements, and recognize the future advancements in EES
technology, especially in the context of EVs.

Chapter synopsis

Chapter 4.1 delves into the increasing need for Electric Energy Storage (EES) systems, spotlighting
their role in today's renewable-driven energy landscape. Teachers are guided through various
subsections, beginning with an introduction that establishes the importance of EES in balancing the
intermittency of renewable energy sources. Figures complement the narrative by illustrating EES needs
and grid storage functions.

The chapter progresses to discuss the rising need for energy storage, addressing the challenges posed
by renewable energy sources' variability and the crucial role of EES in grid stability and load leveling.
This is visually supported by figures showing demand versus peak solar energy and load leveling
applications.

Different types of EES systems are outlined, including chemical, mechanical, electrostatic, and thermal
storage, each with relevant technological examples depicted in figures.

A closer look is taken at batteries, the cornerstone of EES, explaining their function, types, and
applications. The narrative describes the diverse range of battery technologies from lead-acid to nickel-
based, accompanied by figures showcasing each type.

The text then explores alternative storage technologies beyond batteries, such as pumped hydro storage,
flywheels, and thermal storage. Figures provide schematics and examples of these technologies.



The importance of EES in modern grids is underscored, emphasizing how storage systems are
indispensable for balancing energy production with consumption, improving power quality, and
enabling the integration of renewables into the grid.

EES needs, particularly in electric vehicles (EVs), are examined, focusing on key parameters such as
energy capacity, power capacity, and efficiency. Figures illustrate these concepts in the context of EVs.
Operational safety and maintenance for EES systems, including those in EVs, are discussed, stressing
the importance of safety protocols and regular inspections. Figures offer visual aids on safety
infographics and battery management systems.

Environmental and economic implications of EES are outlined, highlighting the benefits of storage
systems in sustainability and economic efficiency, with figures to visualize these impacts.

Lastly, the chapter addresses future directions in EES, particularly for EVs, forecasting advancements
and presenting figures that point to potential developments in storage technologies.

This chapter is designed to provide educators with a comprehensive overview of EES's significance,
applications, and future, complete with engaging visuals to enhance understanding and facilitate
discussion in the classroom.

Review and discussion questions

1. Discuss how Electric Energy Storage (EES) systems contribute to the stability of power grids
in the face of the variable nature of renewable energy sources. Can you think of a real-world
scenario where EES systems played a critical role in maintaining grid stability during a period
of high renewable energy generation but low demand?

2. Compare and contrast at least two different types of EES systems (for example, chemical vs.
mechanical or thermal vs. electrostatic) covered in the chapter. How do their operational
principles differ, and what are the specific applications or situations where one might be favored
over the other?

3. Examine the significance of the operational safety and maintenance protocols for EES systems,
especially in electric vehicles (EVSs). Why is the Battery Management System (BMS) crucial,
and what potential risks does it help mitigate? Discuss the importance of these protocols in the
context of a rapidly growing EV market.



Chapter 4.2 - The Structure, Functions, and
Working Principles of Batteries

Learning outcomes

1. After completing this chapter, students will be able to explain the significance of a battery's
rated voltage versus its measured voltage and articulate reasons for any discrepancies, as well
as identify the signs and measurements that may indicate a battery is reaching the end of its
service life.

2. Upon successful completion, students will have demonstrated the ability to conduct a thorough
visual inspection of batteries, correctly measure voltage and current using a multimeter, and
record accurate data in their laboratory notebooks, aligning with the scoring criteria for Visual
Examination, Voltage Measurement, and Current Measurement.

3. Learners will be capable of performing a comparative analysis by correlating their measured
data with standard battery specifications, making informed assessments about battery health,
and discussing potential applications or disposal methods based on their findings, aiming to
meet the criteria for Comparative Analysis.

4. Participants will adhere to all safety protocols during battery inspections and testing, wear the
appropriate protective equipment, and handle batteries, particularly those showing signs of
damage or leaks, without any safety incidents. They will also engage proactively in discussions,
contributing quality insights and active participation, fulfilling the criteria for Participation in
Discussion.

Chapter synopsis

In Chapter 4.2, titled "The Structure, Functions, and Working Principles of Batteries," the guide
demystifies the integral role of batteries in electric bicycles, offering a detailed exposition of their
components, functions, and operational mechanics.

The chapter commences with an introduction to batteries, defining them as chemical energy storage
devices that can be transformed into electrical energy on demand. It underscores the critical nature of
batteries in powering a myriad of devices, especially electric bicycles.

Diving into the specifics, it elucidates the three primary parts of a battery: the anode (negative
electrode), cathode (positive electrode), and the electrolyte that facilitates ion movement. This segment
is vital in understanding how batteries are structured to perform their function.

The narrative then differentiates between primary (disposable) and secondary (rechargeable) batteries,
emphasizing that electric bicycles utilize the latter for their ability to undergo multiple charging cycles.
Focusing on the chemical foundation, the guide details the electrochemical reactions that enable a
battery to discharge and charge, a process integral to the functioning of e-bikes.

Lithium-ion batteries receive special attention for their suitability in electric bicycles, praised for their
high energy density, lightweight, and long life. The chapter explains battery capacity in ampere-hours,
indicative of a battery’s endurance, and voltage, the electric potential that influences power and speed.



A critical component is the Battery Management System (BMS), which is depicted as essential for the
operational integrity of modern e-bike batteries. It ensures batteries function within safe parameters,
achieving balanced charging and longevity.

Proper maintenance practices are outlined to extend battery life, including using the recommended
charger, avoiding full discharges, and regular inspections for damage.

The chapter also addresses safety concerns, cautioning against the hazards of mistreatment and stressing
adherence to safety guidelines for Li-ion batteries.

Lastly, the chapter casts an optimistic look at the future of battery technology, anticipating
advancements that promise enhanced efficiency, durability, and eco-friendliness, particularly
highlighting the potential impact of solid-state batteries on e-bike performance and safety.

Overall, the chapter presents a comprehensive guide to the critical aspects of battery technology, aiming
to enhance the user experience and promote the longevity and safety of e-bike batteries amidst evolving
technological landscapes.

Review and discussion questions

1. Given the environmental concerns associated with the disposal of Lead-Acid batteries,
particularly the toxicity of lead, what strategies or initiatives could be implemented to ensure
responsible recycling and minimize ecological impact? Discuss the role that industries,
governments, and consumers can play in these initiatives.

2. Discuss the trade-offs between cost, performance, and environmental impact when choosing
Lead-Acid batteries for applications like automotive and solar energy storage. How do Lead-
Acid batteries compare with emerging battery technologies, such as Lithium-ion, in these
aspects?

3. Considering the advancements in battery technology and the push for more sustainable and
higher-performing batteries, what future developments do you foresee for Lead-Acid batteries?
Avre there particular areas in which they may continue to be preferable to newer technologies,
and if so, why?



Chapter 4.4 - Nickel-Cadmium (NiCd) Batteries

Learning outcomes
1. Understand the Components and Chemical Reactions of NiCd Batteries:

e Learners will be able to identify and explain the basic components of a NiCd battery,
including the anode, cathode, and electrolyte.

e Learners will understand the fundamental chemical reactions that occur during the
discharge and charge cycles of a NiCd battery and explain how these reactions allow
the battery to be rechargeable.

2. Recognize the Characteristics and Maintenance Requirements of NiCd Batteries:

e Learners will be able to list the defining features of NiCd batteries, such as high
discharge rates and tolerance to rough handling, and describe the memory effect and
its implications on battery performance.

e Learners will comprehend and articulate proper maintenance practices for NiCd
batteries, including methods to combat the memory effect and guidelines to avoid
overcharging.

3. Evaluate the Safety, Environmental Impact, and Disposal of NiCd Batteries:

e Learners will recognize the toxicity of cadmium in NiCd batteries and understand the
necessary safety precautions for handling and disposal to mitigate environmental
impact.

e Learners will be able to describe the environmental implications of NiCd batteries and
the importance of responsible recycling practices.

4. Analyze the Role and Future of NiCd Batteries in Electric Bicycles and Other Applications:

e Learners will evaluate the historical and current use of NiCd batteries in electric
bicycles, including their advantages and limitations compared to newer technologies.

e Learners will discuss the potential future developments in NiCd battery technology and
the niche areas where they might continue to be used despite the rise of alternative
technologies.

Chapter synopsis

This chapter presents a detailed examination of Nickel-Cadmium (NiCd) batteries, aiming to equip
educators with comprehensive knowledge to teach about this traditional yet significant battery type in
the context of electric bicycles. NiCd batteries have played an essential role in the evolution of
rechargeable batteries and remain relevant in specific applications despite the emergence of more
modern technologies.

Beginning with an introduction, the chapter outlines the historical background of NiCd batteries,
emphasizing their unique composition and the distinct advantages and challenges they present. The
basic components of these batteries, including the cadmium anode, nickel hydroxide cathode, and
potassium hydroxide electrolyte, are explored to give learners a fundamental understanding of their
construction and functionality.



The chapter proceeds to discuss the fundamental chemical reactions that occur within NiCd batteries,
explaining the principles of their operation and rechargeability. It then delineates the different types of
NiCd batteries, distinguishing between sealed and vented versions, and elaborates on their suitability
for various applications, with a focus on electric bicycles.

Key characteristics of NiCd batteries, such as their high discharge rate, resilience to rough handling,
and the notorious memory effect, are analyzed, providing insight into both the potential and limitations
of these batteries. The text guides teachers on how to impart maintenance practices that maximize
battery lifespan, including regular full discharges and precautions against overcharging.

Safety considerations and environmental implications are highlighted due to the toxic nature of
cadmium, stressing the importance of responsible handling and disposal to mitigate health and
ecological risks.

The chapter concludes by reflecting on the declining use of NiCd batteries in the face of alternatives
such as NiMH and Li-ion batteries but acknowledges their enduring relevance in certain domains.
Educators are encouraged to use this chapter to inform students about the broader spectrum of battery
technologies, illustrating the ongoing relevance of NiCd batteries as a foundational technology in
electric bicycle education.

Teaching Objectives:

e To elucidate the components and operation of NiCd batteries.

e To assess the practical applications and maintenance of NiCd batteries, particularly in e-bikes.

e To discuss the safety protocols and environmental considerations associated with NiCd
batteries.

e To consider the historical and potential future role of NiCd batteries within the landscape of
battery technology, especially in educational contexts.

e This synopsis serves to assist educators in developing lesson plans and ensuring that the
instruction on NiCd batteries is thorough, contextual, and mindful of the environmental and
technological advancements that inform current and future use.

Review and discussion questions

1. Review Question: Explain the fundamental chemical reactions that occur in a Nickel-Cadmium
battery during discharge and how these reactions contribute to the rechargeability of the battery.
Discuss the role of each component (anode, cathode, and electrolyte) in this process.

2. Discussion Question: Considering the characteristics of NiCd batteries, such as their high
discharge rate, tolerance to abuse, and the memory effect, debate the pros and cons of using
NiCd batteries in electric bicycles. How do these features influence the performance and
maintenance of e-bikes?

3. Critical Thinking Question: Given the environmental concerns associated with cadmium and
the advances in battery technology, evaluate the future role of NiCd batteries in electric bicycles
and other applications. What factors should be considered when deciding whether to use NiCd
batteries or newer technologies like NiMH and Li-ion batteries?



Chapter 4.5 - Nickel Metal Hydride (NiIMH) Batteries

Learning outcomes

1. Understand the Evolution and Composition of NiMH Batteries: Students will be able to explain
how Nickel Metal Hydride (NiMH) batteries represent an advancement over Nickel-Cadmium
(NiCd) batteries, including the differences in chemical makeup and the environmental benefits
due to the absence of cadmium.

2. ldentify the Chemical Processes and Components: Students will identify the basic components
of a NiMH battery (anode, cathode, and electrolyte) and describe the fundamental chemical
reactions that occur during the discharge and charge phases.

3. Recognize the Characteristics and Maintenance Needs of NiMH Batteries: Students will
recognize the unique features of NiMH batteries, such as higher energy density and reduced
memory effect, and they will learn the correct methods for charging, maintaining, and storing
these batteries to maximize performance and lifespan.

4. Evaluate the Advantages and Limitations in the Context of E-Bikes: Students will assess the
advantages and limitations of using NiMH batteries in electric bicycles, understanding their
role in the past and present of e-bike technology, and discuss how newer battery technologies
might influence the choice of batteries in future e-bike designs.

Chapter synopsis

This chapter on Nickel Metal Hydride (NiMH) batteries is crucial for educators preparing to deliver
comprehensive lessons on electric bicycle (e-bike) technologies. NiMH batteries, a successor to the
Nickel-Cadmium (NiCd) type, are presented as a significant advancement in rechargeable power
sources. Teachers are equipped with detailed information on the composition, operation, and
maintenance of NiMH batteries, emphasizing their practical application in e-bikes.

Key components such as the metal hydride anode, nickel hydroxide cathode, and potassium hydroxide
electrolyte are outlined, with the chemical reactions detailed to aid in understanding the energy storage
and release processes. The chapter underscores the improvements NiMH batteries offer over their NiCd
predecessors, notably higher energy density and a less pronounced memory effect, making them more
suitable for e-bike applications where longer ranges and less frequent charging are desirable.
Instructive guidance is provided on best practices for charging and maintaining NiMH batteries to
extend their lifespan and ensure safety, such as avoiding overcharging, performing periodic full
discharges, and proper storage. Additionally, the environmental benefits of NiMH batteries are
highlighted, particularly the absence of toxic cadmium, a significant advantage over NiCd batteries, and
the potential for recycling.

The chapter does not shy away from discussing the limitations of NiMH batteries, including their
tendency for self-discharge and the weight implications for e-bikes. Looking forward, the text addresses
the competition from lithium-ion batteries in the e-bike market while recognizing the continued
relevance of NiMH batteries in other sectors like hybrid automotive technology.



Teachers will find this chapter a comprehensive resource to guide students through the history,
technology, and future prospects of NiMH batteries, ensuring a thorough understanding of their role in
the evolution of electric vehicles and their continued importance in a sustainable future.

Review and discussion questions

1. Compare and Contrast Discussion Question: "How do NiMH batteries compare to NiCd and
lithium-ion batteries in terms of energy density, memory effect, environmental impact, and
weight? Discuss the implications of these characteristics for their use in electric bicycles."

2. Application-Based Review Question: "Considering the unique properties of NiMH batteries,
such as higher energy density and reduced memory effect, what specific maintenance practices
should be adopted to maximize the performance and lifespan of an e-bike powered by NiMH
batteries?"

3. Future-Oriented Discussion Question: "Despite the shift towards lithium-ion batteries in the e-
bike industry, NiMH batteries are still used in other applications like hybrid cars. What
advancements in NiMH battery technology could potentially increase their competitiveness in
the e-bike market, and how might these changes impact future designs of electric bicycles?"



Chapter 4.6 - Lithium-lon (Li-ion) Batteries

Learning outcomes

1. Understand the Basic Structure and Function of Li-ion Batteries: Identify the fundamental
components of a Li-ion battery, including the anode, cathode, electrolyte, and separator.
Describe the process of charging and discharging in Li-ion batteries and how this relates to their
function in electric bicycles.

2. Recognize the Advantages and Applications of Li-ion Batteries in E-Bikes: Explain the reasons
behind the popularity of Li-ion batteries in portable electronics and electric bicycles, such as
their high energy density, low maintenance, and versatility. Assess the impact of Li-ion battery
characteristics on the performance and design of electric bicycles, including their influence on
weight, size, range, and charging time.

3. Implement Proper Charging and Maintenance Techniques: Apply best practices for charging
and maintaining Li-ion batteries to maximize their lifespan and ensure safety, including the
appropriate charge levels and the importance of using suitable chargers. Evaluate the role of
temperature and charging protocols in maintaining the optimal performance of Li-ion batteries.

4. Discuss the Environmental and Safety Implications of Li-ion Batteries: Debate the
environmental considerations associated with the use of Li-ion batteries, including the
ecological impacts of lithium mining and the advancements in recycling methods. Identify
safety concerns and the importance of protective circuits in Li-ion batteries to prevent issues
like thermal runaway, and contemplate the future innovations such as solid-state batteries and
sustainable materials.

Chapter synopsis

In this chapter, students will delve into the workings of Lithium-lon (Li-ion) batteries, which have
become the predominant choice for powering modern electric bicycles (e-bikes). The chapter begins
with an overview of the rise of Li-ion batteries, emphasizing their high energy density and longevity
compared to traditional battery technologies.

Key Components and Operation:

The chapter explains the primary components of a Li-ion battery—qgraphite anode, lithium cobalt oxide
cathode, lithium salt in an organic solvent as the electrolyte, and a separator. It details the movement of
lithium ions between the anode and cathode during the charge and discharge cycles, which is
fundamental to understanding how these batteries store and release energy.

Characteristics and Benefits:

The high energy density, low maintenance, and versatility are highlighted as key factors behind the
popularity of Li-ion batteries. These features offer tangible benefits in e-bikes, such as extended range
and reduced weight, which contribute to better handling and agility.



Charging Protocols:
The section on charging protocols underscores the importance of avoiding deep discharges and charging
at extreme temperatures, as well as the use of appropriate chargers to avoid damaging the batteries.

Safety and Environmental Considerations:

Teachers are guided to discuss safety concerns associated with Li-ion batteries, such as thermal runaway
and the necessity of protective circuits. Additionally, the chapter touches on environmental impacts,
including the ecological consequences of lithium mining and the advancements in recycling.

Limitations and Future Directions:

The synopsis suggests teachers cover the inherent limitations of Li-ion batteries, like ageing and higher
costs, alongside the promising future innovations such as solid-state batteries and efforts toward
sustainability.

Teaching Obijectives:

By the end of this chapter, students should understand the critical role Li-ion batteries play in the
performance and design of e-bikes, recognize proper maintenance and charging practices, be aware of
safety and environmental aspects, and look forward to future advancements in battery technology.

Review and discussion questions

1. Discussion Question: Lithium-lon batteries are known for their high energy density and
longevity. Discuss how these characteristics specifically benefit the performance and range of
electric bicycles compared to other types of batteries. What are some potential drawbacks that
users should be aware of despite these advantages?

2. Review Question: Explain the significance of the following components in the functioning of
a Li-ion battery: anode, cathode, electrolyte, and separator. How do changes in the materials of
these components affect the overall performance of a Li-ion battery in an e-bike?

3. Discussion Question: Considering the environmental impacts and the advancements in Li-ion
battery recycling methods, discuss the implications for the future of e-bikes and other portable
electronics. How do you think the shift towards solid-state batteries and research into more
sustainable materials will shape the industry in the coming years?



Chapter 4.7 - Lithium-lon Polymer (LiPo) Batteries

Learning outcomes

1. Understand the Composition and Function of LiPo Batteries: Learners will be able to identify
and describe the main components of a LiPo battery, including the anode, cathode, polymer
electrolyte, and separator. They will also understand how these components work together to
allow the movement of ions during charge and discharge cycles, which is fundamental to the
battery's ability to store and release energy.

2. Recognize the Advantages and Applications of LiPo Batteries in E-Bikes: Students will be able
to list the benefits of using LiPo batteries, such as their lightweight, design flexibility, and high
discharge rates, explaining why these advantages make LiPo batteries a fitting choice for
electric bicycles. They should also be able to discuss how the power-to-weight ratio and the
ability to shape the batteries influence e-bike performance and design.

3. Implement Safe Charging and Handling Protocols for LiPo Batteries: Learners will gain
knowledge on the correct and safe methods to charge and handle LiPo batteries, understanding
the importance of balanced charging, avoiding overcharging, and temperature considerations.
They will recognize the signs of battery wear, such as swelling, and know the safety precautions
to take during storage and use to mitigate hazards.

4. Evaluate the Environmental and Technological Future of LiPo Batteries: Students will critically
assess the environmental impact of LiPo battery production and disposal, discussing the
challenges associated with their life cycle. Furthermore, they will explore the potential future
developments in LiPo technology, such as improved electrolytes and greater energy densities,
and consider the sustainability efforts aimed at making LiPo batteries more eco-friendly and
easier to recycle.

Chapter synopsis

This chapter delves into the specialized field of Lithium-lon Polymer (LiPo) batteries, emphasizing
their role in powering electric bicycles, a sustainable mode of transportation. The chapter initiates with
an introduction to LiPo batteries, distinguishing them from their Lithium-lon counterparts by their
unique solid polymer electrolyte.

Teachers guiding students through this chapter will explore the anatomy of LiPo batteries, including
the electrodes and the innovative polymer electrolyte that facilitates ion movement. The working
principles are laid out, mirroring those of Li-ion batteries, with the distinction residing in the
electrolyte's state.

A dedicated section highlights the notable advantages of LiPo batteries such as their lightweight nature,
design versatility, and high discharge rates, which align well with the requirements of electric bicycles.
The chapter continues to stress the importance of appropriate charging protocols, underlining balanced
charging and temperature considerations to maintain battery integrity and safety.



Safety measures are comprehensively discussed, addressing potential risks and safe handling
procedures to prevent accidents. The chapter also touches upon the environmental aspects, scrutinizing
the life cycle of LiPo batteries, their sustainability, and the current challenges in recycling.

Lastly, it casts an eye toward the future, discussing ongoing research aimed at enhancing electrolyte
performance, achieving higher energy densities, and improving the environmental footprint of these
batteries.

For educators, this chapter serves as a comprehensive guide to teach students about the complexities of
LiPo batteries, equipping future technicians and engineers with the knowledge needed to innovate and
maintain cutting-edge technology in the field of electric bicycles and beyond. It emphasizes not only
the technical know-how but also the environmental and safety aspects vital for responsible usage and
development.

Review and discussion questions

1. Review Question: What is the primary distinction between Lithium-lon Polymer (LiPo)
batteries and traditional Lithium-lon batteries, and how does this distinction affect the
functionality and applications of LiPo batteries in electric bicycles?

2. Discussion Question: Considering the advantages of LiPo batteries such as their lightweight
nature, design versatility, and high discharge rates, discuss how these attributes contribute to
the performance and design of electric bicycles. Can you think of any potential design
limitations or challenges that these batteries could present?

3. Review and Critical Thinking Question: The chapter outlines the importance of balanced
charging and temperature control when charging LiPo batteries. Why are these factors so
crucial, and what might be the consequences of neglecting them? Additionally, how do these
requirements impact the practicality of using LiPo batteries in everyday devices, and what
measures can be taken to ensure safety and extend the lifespan of these batteries?



Chapter 4.8 - 4.8 Lithium Iron Phosphate (LiFePO+)
Batteries

Learning outcomes

1. Comprehend the Structure and Composition of LiFePO. Batteries: Students will be able to
identify and describe the core components of Lithium Iron Phosphate (LiFePO4) batteries,
including the cathode, anode, electrolyte, and separator, and explain how these components
interact to store and release electrical energy.

2. Understand the Advantages and Applications of LiFePO. Batteries in Electric Bicycles:
Students will recognize the key advantages of LiFePOs batteries, such as thermal stability,
longevity, and safety, and articulate why these properties make them particularly suited for use
in electric bicycles over other types of Lithium-ion batteries.

3. Apply Safe Charging and Handling Practices for LiFePOa Batteries: Students will learn and
apply best practices for charging and handling LiFePOs batteries, including understanding the
correct voltage ranges, charge rates, and the importance of avoiding overcharging and physical
damage to ensure battery integrity and longevity.

4. Evaluate the Environmental Impact of LiFePO. Batteries and Explore Future Developments:
Students will assess the environmental implications of using LiFePO. batteries, their
recyclability, and discuss ongoing research in increasing energy density and cost reduction, as
well as the potential for integrating these batteries with renewable energy sources.

Chapter synopsis

Chapter 4.8 focuses on the significance of Lithium Iron Phosphate (LiFePO4) batteries in the electric
bicycle industry. It introduces the composition and structure of these batteries, noting the use of lithium
iron phosphate in the cathode and graphite in the anode, combined with a lithium salt electrolyte and a
micro-permeable separator. The chapter emphasizes their working mechanism, mirroring that of
standard lithium-ion batteries with specific charge and discharge characteristics that ensure their
longevity and efficiency. Key advantages of LiFePOs batteries are highlighted, including thermal
stability, longer lifespan, safety, and environmental friendliness, pivotal for the e-bike market. It
discusses the particular benefits for electric bicycles, like stable power delivery and safety assurances,
alongside best practices for handling and safety protocols to avoid damage and overcharging. The
chapter also stresses the importance of understanding the life cycle, performance over time, and storage
recommendations to maintain battery health. It addresses environmental considerations, advocating for
the eco-friendly and recyclable nature of these batteries, and looks ahead to future innovations that may
increase energy density, reduce costs, and integrate with renewable energy sources. The synopsis
underscores that knowledge of LiFePOs technology is essential for vocational students who aim to
contribute to the advancement of sustainable transportation solutions.

Review and discussion questions

1. Compare and contrast: How do the composition and structure of LiFePOa (LFP) batteries
contribute to their distinct advantages over other lithium-ion batteries in terms of safety and



longevity? Consider elements like thermal stability, cycle life, and environmental impact in
your discussion.

Analyze and evaluate: Given the charging and discharge characteristics of LiFePOus batteries,
such as their voltage range and depth of discharge, what specific practices should e-bike
manufacturers and users adopt to maximize the lifespan and performance of these batteries?
Predict and theorize: With the current trajectory of LiFePOs battery technology, particularly in
the areas of increased energy density, cost reduction, and integration with renewable energy
sources, how do you envision the future of electric bicycles changing in the next decade? What
potential challenges and opportunities might arise from these advancements?



Chapter 4.9 - Lithium Sulfide (Li-S) Batteries

Learning outcomes

1. Explain the fundamental chemistry and composition of Lithium Sulfide batteries, including
their cathode and anode materials, and how these contribute to the batteries' overall
performance and potential advantages in electric bicycle applications.

2. Analyze the working mechanism of Li-S batteries, their charge and discharge processes, and
discuss the implications of their voltage range and deep discharge capabilities on the design
and maintenance of electric bicycles.

3. Evaluate the key benefits and current limitations of Lithium Sulfide batteries, such as energy
density, weight, and cycle life, as well as the challenges posed by dendrite formation and
sulfur's insulating properties, in the context of their use in electric bicycles.

4. Assess the environmental impact and the importance of recycling in relation to Li-S batteries,
and identify safety protocols and best practices for handling and using these batteries in electric
bicycles, considering the ongoing research and future potential of this technology.

Chapter synopsis

The chapter on Lithium Sulfide (Li-S) batteries is a critical component of the curriculum for students
in the e-bike vocational course. It delves into the emerging battery technology that could significantly
impact the electric bicycle industry. Li-S batteries are characterized by their unique chemistry, involving
lithium and sulfur, which offers several potential advantages over conventional lithium-ion batteries.
This technology could lead to the production of lighter, more energy-dense batteries that are cost-
effective due to sulfur’s abundance and affordability.

Teachers guiding students through this chapter should emphasize the composition and structure of Li-
S batteries, including the roles of the cathode, anode, electrolyte, and separator. Students should
understand the chemical reactions during the discharge and charge cycles, as well as the significance of
Li-S batteries’ high energy density, lightweight, and cost-effectiveness. Instructors are encouraged to
discuss the specific charging and discharge characteristics of Li-S batteries, including their voltage
ranges and depth of discharge.

Furthermore, the chapter covers the potential of Li-S technology in electric bicycles, promising
extended range and reduced weight, which could contribute to more agile e-bike designs. However, it
is also crucial for students to learn about the current challenges Li-S batteries face, such as limited cycle
life, issues with dendrite formation, and sulfur's insulating nature.

Safety protocols and best practices for handling Li-S batteries are detailed, stressing the importance of
temperature management, physical protection, and regular monitoring to prevent damage and ensure
longevity. Environmental considerations and the need for proper recycling processes are also
highlighted to foster sustainable practices within the industry.

Looking ahead, the chapter anticipates future advancements, noting that substantial research and
development are being directed to overcome the limitations of current Li-S batteries. As the technology
matures, it is expected that Li-S batteries will find broader applications in electric vehicles and grid
storage, beyond their use in e-bikes.



In summary, this chapter prepares students to engage with Li-S battery technology knowledgeably,
ensuring they are well-equipped to contribute to and lead in the future of e-bike technological
developments.

Review and discussion questions

1. Discuss the chemical reactions that occur in a Lithium Sulfide (Li-S) battery during the
discharge and charge cycles. How do these reactions contribute to the battery's high energy
density and how might they affect the overall battery life?

2. Evaluate the potential advantages and limitations of Li-S batteries in the context of electric
bicycles. What are the specific properties that make Li-S batteries a promising option for e-
bikes, and what challenges need to be overcome to make this technology viable for widespread
use?

3. Considering the environmental and safety aspects discussed in the chapter, what best practices
should be implemented when handling and disposing of Li-S batteries? Moreover, how do these
practices contribute to sustainable development within the electric bicycle industry?



Chapter 4.10 - Battery Management System

Learning outcomes

1. Understand the Functions and Roles of a BMS: Students will be able to explain the core
functions of a Battery Management System, including cell balancing, voltage and temperature
monitoring, and determining the State of Charge (SoC) and State of Health (SoH) of battery
cells.

2. Recognize the Importance of a BMS in Electric Bicycles: Students will understand how a BMS
contributes to optimizing the range, safety, and battery life of electric bicycles, and will be able
to identify symptoms indicating BMS-related issues.

3. ldentify BMS Components and Safety Mechanisms: Learners will be able to list the
components that make up a typical BMS and explain how these contribute to its operation.
Additionally, they will be able to describe the safety mechanisms integrated within a BMS to
protect against over-voltage, overcurrent, and thermal risks.

4. Assess BMS Impact on Sustainability and Future Trends: Students will be aware of the
environmental considerations addressed by using a BMS, such as maximizing cell usage and
efficient energy use. They will also learn about future BMS technologies, including integration
with 10T and the application of Al for predictive maintenance, which could revolutionize
battery management in electric bicycles.

Chapter synopsis

Chapter 4.10 of the curriculum addresses the fundamental importance of the Battery Management
System (BMS) in the context of electric bicycles (e-bikes). The section begins with an essential
overview, introducing the BMS as a crucial intelligent component responsible for monitoring and
managing battery cell operations. It underscores the BMS's pivotal role in ensuring the performance,
safety, and longevity of e-bike battery packs.

The synopsis should illuminate the core functions of a BMS, which include cell balancing for charge
uniformity, voltage and temperature monitoring to prevent unsafe operating conditions, and the
assessment of the battery's State of Charge (SoC) and State of Health (SoH). Each of these functions
contributes significantly to the optimization of the e-bike's range, safety, and the extension of the
battery's life.

A detailed breakdown of a BMS's typical components is presented, including sensors, microcontrollers,
relays, switches, and communication ports. Each component's role is to gather and process data, execute
decisions, and facilitate external communication, ensuring the BMS operates effectively. The section
delves deeper into the mechanisms of cell balancing, comparing passive and active methods, and
outlines the multi-layered safety features of a BMS, which protect against overvoltage, overcurrent, and
overheating.

Furthermore, the chapter introduces advanced BMS features such as data logging, predictive
maintenance, and remote monitoring, which are crucial for the proactive maintenance of e-bike



batteries. It emphasizes the importance of proper BMS installation and regular maintenance checks to
prevent malfunctions and ensure longevity.

Environmental considerations are discussed, highlighting how BMS technology maximizes cell usage
and promotes efficient energy use, contributing to sustainability in the e-bike sector. The chapter
concludes by looking ahead to future trends in BMS technology, including integration with the Internet
of Things (10T), the use of artificial intelligence (Al) and machine learning for predictive analytics, and
the trend toward miniaturization of BMS components.

For teachers, this chapter is designed to equip students with a comprehensive understanding of BMS,
preparing them for future roles in the growing e-bike industry. Teachers should aim to connect these
technical concepts with practical examples and emerging trends, fostering an environment where
students can engage with the material and apply their knowledge in real-world scenarios.

Review and discussion questions

1. Review Question on BMS Core Functions and Importance: Explain how the core functions of
a BMS - cell balancing, voltage monitoring, temperature monitoring, and SoC/SoH
determination - contribute to the safety, performance, and longevity of e-bike batteries. Discuss
how each function impacts the overall operation of an electric bicycle.

2. Discussion Question on BMS Components and Safety Mechanisms: Consider the components
of a typical BMS (sensors, microcontroller, relays/switches, and communication ports) and
discuss how they work together to provide the multi-layered safety mechanisms (over and under
voltage protection, overcurrent protection, and thermal protection) within an e-bike. What could
be the consequences if one of these components failed?

3. Review and Discussion Question on Future Trends: Reflect on the future trends in BMS
technology such as loT integration, the application of Al & Machine Learning, and
miniaturization. How do you anticipate these advancements will change the design,
functionality, and user interaction with e-bikes? Engage in a discussion about the potential
benefits and challenges these innovations may bring to the e-bike industry.



Chapter 4.11 - Battery Management System

Learning outcomes

1. Understanding Battery Modeling Fundamentals: Students will be able to explain the purpose
and fundamental principles of battery modeling, including the representation of physical and
chemical processes within a battery through mathematical equations.

2. Applying Models to E-bike Technology: Students will learn to apply different types of battery
models, such as electrochemical, thermal, and electrical circuit models, to predict and enhance
the performance, safety, and efficiency of electric bicycles.

3. Analyzing State of Charge and Health: Students will develop the skills to utilize various SoC
and SoH modeling methods, such as Coulomb counting, voltage-based models, and Kalman
Filter methods, to accurately determine the state and longevity of e-bike batteries.

4. Evaluating and Advancing Modeling Techniques: Students will be capable of validating the
accuracy of battery models through experimental data and simulations, as well as understanding
the potential for future advancements in battery modeling, including the application of machine
learning and real-time adaptive models.

Chapter synopsis

Chapter 4.11 delves into the complexities of battery modeling, an essential topic for students in electric
bicycle technology. The chapter begins with an introduction to the concept of battery modeling,
emphasizing the translation of a battery's physical and chemical processes into mathematical equations.
These models are instrumental in predicting battery behavior, such as voltage, state of charge (SoC),
and temperature, under varied operational conditions.

The chapter underscores the significance of accurate battery modeling in electric bicycles, particularly
for enhancing performance, ensuring safety, and optimizing efficiency. Various modeling approaches
are explored, starting with theoretical models that rely on fundamental principles of battery operation.
These include electrochemical models, which are detailed but computationally demanding, and thermal
models, which assess heat management within the battery.

Teachers are guided through empirical models, which are more straightforward and less
computationally intensive, derived from real-world data. The chapter also introduces electrical circuit
models that depict the battery using resistor-capacitor networks, including the Randles Circuit.

A critical component of the chapter focuses on modeling the State of Charge (SoC) and State of Health
(SoH) of batteries, both of which are crucial for e-bike functionality. Methods such as Coulomb
counting, voltage-based models, and Kalman Filter techniques are discussed.

Furthermore, the chapter presents combined models, which integrate various modeling aspects for more
accurate battery behavior predictions. Validation methods for these models are examined, ensuring that
students understand the importance of aligning theoretical models with experimental and real-world
data.



Looking to the future, the guide highlights how battery modeling is set to evolve with advancements in
machine learning and Al, as well as the development of adaptive models capable of real-time
adjustments.

This chapter serves as a comprehensive guide for teachers to help students appreciate the role of
sophisticated battery modeling in the design and maintenance of electric bicycles, equipping them with
the knowledge to stay at the forefront of e-bike technology innovation.

Review and discussion questions

1. Comparative Analysis of Models: Discuss the advantages and disadvantages of using
electrochemical models versus empirical models for battery modeling in e-bikes. How do the
complexity and accuracy of these models affect their practical application in the industry?

2. Real-world Applications and Validation: How would you approach the validation of a new
battery model designed for e-bikes? Discuss the importance of experimental validation and
simulation comparisons in the context of ensuring model reliability and safety in electric bicycle
engineering.

3. Future Developments in Battery Modeling: Considering the potential integration of Machine
Learning & Al in battery modeling, what implications do you think this advancement will have
on the design and maintenance of future e-bikes? Discuss the possible benefits and challenges
that real-time adaptive models might bring to the field.



Aprendix I: Module Applications

Application 4.1. Structural Properties and Types of Batteries and Batteries
Application 4.1 is designed to offer vocational high school students a practical understanding of batteries
through an interactive, hands-on approach. Spanning three sessions of two hours each, students will delve
into the world of batteries by physically dissecting various types and examining their structural components
to grasp the relationship between their design and functionality.

The application requires a collection of common batteries, such as Alkaline, Lithium-ion, Lead-acid, Nickel-
Cadmium, and Nickel-metal hydride, alongside essential safety and dissection equipment. During the course,
students will undergo a thorough safety briefing to ensure a secure learning environment.

The process steps outline a structured approach beginning with battery classification and external
observation. Students will note down visible aspects before carefully dissecting the batteries to expose
internal elements such as anodes, cathodes, separators, and electrolytes. If available, a digital microscope
will allow a closer look, enabling students to observe subtle structural differences.

Observations and findings are to be meticulously recorded on data sheets. Students will also engage in group
discussions to articulate how a battery's design might influence its performance, encouraging peer-to-peer
learning and critical thinking.

A crucial component of the application is the cleanup process, ensuring that all materials are disposed of
responsibly and all equipment is returned properly.

Scoring for the application is based on criteria that include the depth of external observations, dissection
skills, accurate identification of components, adherence to safety and process protocols, and the quality of
participation in group discussions.

Students will answer questions that prompt them to reflect on the structural differences between batteries,
the impact of design on performance, the choice of materials for components, and any unexpected
discoveries during the dissection. Through this exercise, students are expected to gain valuable insights into
battery technology, aiding in informed decision-making for their use in various applications.

Application 4.2. Comparison of Batteries

In the "Comparison of Batteries" application, vocational high school learners embark on an empirical
exploration to dissect and discern the characteristics of various battery types. The aim is to cultivate a
nuanced understanding of each battery's idiosyncrasies and their respective fitness for different applications.
Spanning three sessions of two hours each, this comprehensive hands-on experiment is an immersive venture
into the practical aspects of battery technology.

Students will be provided with an array of battery samples including Alkaline, Lithium-ion, Lead-acid,
Nickel-Cadmium, and Nickel-metal hydride, among the necessary tools such as digital multimeters, load
resistors, and timing devices to facilitate their investigations. Safety is paramount, and learners will be
equipped with protective gear to ensure a secure environment for conducting tests.



The process begins with a meticulous identification and labeling of each battery type. Learners will then
measure and record the initial voltage of the batteries, followed by a discharge test to ascertain how long
each battery can maintain its charge under a set load. The goal here is to simulate real-world usage and
capture data that reflects each battery's capacity and sustainability.

Following the practical tests, students will engage in a reflective discussion to evaluate their findings,
pondering over the performance of each battery type in various scenarios. This collaborative discussion aims
to deepen their understanding of the practical implications of their observations.

At the conclusion of the application, the workstations will be cleared, batteries disposed of or stored
correctly, and tools returned to their proper place. Scoring for the exercise will be conducted based on precise
criteria including accurate identification, measurement, execution of the discharge test, adherence to safety
and procedural norms, and the quality of student engagement during the post-experiment discussion.

Learners are also prompted to answer questions that challenge them to analyze their data critically, make
connections between a battery's physical characteristics and its performance, and consider how factors such
as cost and environmental impact might influence their choice of battery for specific applications. This
application not only teaches practical skills but also instills an appreciation for the complexities of battery
technology and its implications in the real world.

Application 4.3. Photovoltaic Panel-Battery Application

In the "Photovoltaic Panel-Battery Application," vocational high school students are provided with an
invaluable educational opportunity to delve into the realm of solar energy conversion and storage. This
application is meticulously designed to impart practical knowledge on how photovoltaic (PV) panels harness
solar energy, convert it into electrical power, and store this power in batteries for later use. Spread across
four sessions, totaling eight hours, the curriculum is crafted to ensure comprehensive understanding and
hands-on experience.

The students will be engaged in constructing a simple circuit consisting of a PV panel connected to a charge
controller, which in turn is connected to a battery, culminating in a load represented by an LED lamp or
motor. Each step of the process is clearly illustrated through straightforward circuit diagrams that students
can easily interpret and implement.

To facilitate the application, a list of materials is provided, including PV panels, charge controllers, batteries,
multimeters, load devices, connecting wires, and a reliable light source to emulate sunlight. Students are
required to come prepared with their laboratory notebooks, safety equipment, and a rudimentary knowledge
of electrical circuits.

During the sessions, students will set up the PV panels, establish connections with the charge controller and
the battery, and finally connect the load. They will use digital multimeters to measure and record various
parameters such as voltage and current, paying close attention to how the load device responds as the battery
discharges and is subsequently recharged.

This experimental application focuses on critical observational skills, measurement accuracy, and safety
practices, all of which are part of the evaluation criteria for the students. Their analytical abilities will be put



to the test as they compare the voltage output from the PV panels to the stored voltage in the batteries and
examine the efficiency of energy transfer within the setup.

Moreover, the curriculum invites students to contemplate real-world applications, the necessity of charge
controllers, and the factors affecting the efficiency of PV panels. Through this empirical investigation,
students will gain insights into the practical aspects of photovoltaic systems and their burgeoning role in the
sustainable energy landscape. This not only includes understanding the technicalities but also encourages
learners to consider broader environmental and efficiency-related questions, thereby preparing them for
future challenges in renewable energy technologies.

Application 4.4. Checking Batteries

The "Checking Batteries" application is a pragmatic learning module designed for vocational high school
students to deepen their understanding of battery technology and its maintenance. The key aim of this
application is to equip students with the skills to assess the condition, voltage, and current output of different
battery types. This hands-on experience spans two sessions, totaling three hours, and is rich in technical
practice and critical analysis.

Prior to commencing the exercises, students are expected to be prepared with safety gear, laboratory
notebooks, and a foundational knowledge of electrical principles. The process begins with a safety briefing,
reinforcing the importance of wearing protective gear and the careful handling of batteries, particularly those
that may be damaged or leaking.

Students proceed by categorizing batteries, such as Alkaline, Lithium-ion, and Nickel-Cadmium, and
conducting a thorough visual inspection to identify any physical signs of degradation. Following this, the
voltage of each battery is measured using a digital multimeter. For rechargeable batteries, current output is
assessed by measuring the flow of electricity through a known resistor connected in series.

A crucial component of this application is the comparative analysis where students evaluate their recorded
voltage against the manufacturer's specified rating. Significant discrepancies between these values could
indicate a battery's declining health. Students engage in group discussions to deliberate their findings, share
insights on the implications of their measurements, and consider appropriate disposal methods for defunct
batteries.

The educational journey culminates with an assessment based on accuracy in visual inspections, the precision
of voltage and current measurements, thoroughness in comparative analysis, and the quality of participation
in discussions. This comprehensive approach not only teaches students about the

technicalities of battery health assessment but also instills the importance of regular checks in practical
applications, safety considerations, and environmental awareness.

Students are encouraged to ponder on various factors affecting battery performance, such as why a battery's
actual voltage might differ from its rated voltage, the indicators of a battery nearing the end of its life, the
relevance of visual inspections, potential risks of damaged batteries, and the broader implications of battery
health in technology-dependent environments.



Aprendix Il: Module furter reading material for

teachers
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Module 5
ELECTRIC MOTORS USED IN
BICYCLES

Chapter 5.1 Working logic of electric motors

Learning outcomes
Upon completion of Section 5.1, students will be able to:
1. Explain the types of electric motors and where they are used.
2. Describe the starting systems for electric motors and the materials used according to their types.
3. Learn the parts that make up the engine and know how to disassemble and assemble them.
4. Comprehend and explain the various DC motor drive circuits and their operating logic.

Chapter synopsis

Section 5.1 mainly describes the structures, types and control methods of AC and various DC motors.
In this regard, teachers are directed to the learning process from simple to difficult by referring to the
theoretical work of motors and their structures and working systems.

This module starts with the historical development of electric motors and continues with the explanation
of motor types.

First of all, AC motors, which are the most used motor types, are explained with their structures, and
then their distinctive features and working methods are explained.

After the methods of starting the motors are explained in order, sample starting systems of
microprocessor systems, which are one of today's technologies, are mentioned.

Soft starting and frequency converters and starting technologies are explained in today's industry and
these systems are very useful.

After explaining the types of 3-phase motors according to their asynchronous structures, the issue of
universal motors is mentioned. Here, the subject of speed controls and change of the direction of speed
of universal motors is taught.

Section 5.1.2 deals with DC motors. By explaining the types and usage areas of DC motors, the working
system and control logic of brushed DC motors are explained.

Brushless DC motors, which are frequently used in electric bicycles, are discussed and their features
are emphasized. Its advantages and disadvantages are mentioned.

The subject of stepper and servo motors is discussed as the last topics of the module and their types and
working systems are explained by decorating them with sample circuits.

This module can be explained as an introduction to motors. With this section, the physical and
mechanical issues that are in mind have been tried to be processed as simply as possible.



Review and discussion questions

1. Discuss what kind of engine model could or could not have existed if there was no electricity.
Take a look at the projects on the internet that defend the thesis of energy-free machines, which
have many examples on this subject.

2. Discuss alternative projects and energy efficiency to electric motors by giving examples of the
use of electric motors around the world.

3. Compare brushed and brushless motors, consider their usage areas and evaluate the efficiency
measures in your own way.

4. Discuss why stepper motors are necessary and where they are used.

5. Discuss the importance of servo motors in today's industry by giving examples of their use.

6. Research and discuss where and how H-bridge systems are used.



Chapter 5.2 Parts of Electric Motors

Learning outcomes
1. Know and explain the parts of the induction motor.
He will know what the rotor and stator are and why they are used.
He will know the motor shaft, body and covers.
He will know why bearings and bearings, cooling impeller are used and their importance.
The engine will know how to read the label.
Using the terminal block table, the triangle and star will know the connection.
He will know the parts of the synchronous motor.
Will be able to tell the differences in use by comparing synchronous and asynchronous motors.
Will know the structure and types of DC motor.

© N0k wd

Chapter synopsis

Section 5.2 provides information about the components that make up electric motors, their structural
differences and the characteristics of their operating classes. The information starts as asynchronous
and synchronous, ends with DC motors, and includes illustrative figures.

The chapter begins by giving the general structure of the electric motor and the introduction of its parts
through the figure. Thus, what the narrator wants to tell becomes visually easier and easier to
understand.

The structure of the asynchronous motor, which is the most used motor structure, is presented in a way
that provides ease of meaning through shapes. By the way, the label section, which includes all the
features of the engine, is explained with examples.

At the same time, with the help of the terminal connections in the motors, it is explained how the
triangular or star operation of the motor is.

In the next topic, the synchronous motor is explained and information about its structure and operation
is given.

By introducing DC motors, their structure and parts are introduced. The differences between brushed
and brushless motors are explained by supporting them with the necessary shapes.

The structure and operation of stepper motors are explained in various ways and the connection types
are explained.

Finally, the structure and types of servo motors are explained and their classification according to the
way they work is explained. In the following topic, analog and digital structures are explained
according to the circuit structure.

Review and discussion questions
1. Discuss how the electric current supplied to the windings in motors is applied with the help of
a ring and whether this makes sense.
2. Create a discussion environment by putting forward your personal ideas about how to change
the rotational speed of a motor.
3. In which cases is a triangle connection used and in which cases a star connection is used?
Discuss this topic with scientifically explanatory articles.



How did the concept of synchronous and asynchronous motor emerge? Why is it necessary or
unnecessary. Discuss the beneficial or unhelpful aspects for both parties.

Critical discussion: What are the reasons for preference in brushed and brushless motors?
Discuss in terms of size and price.

In stepper motors, speed is not the goal, so why and where is it used? Do a research that includes
logical information on the subject.

Discuss the reasons for using analog and digital servo motors.



5.3 Power Transmission and Control in Electric
Motors

Learning outcomes

1. Information about couplings will be obtained. To do this, perform the applied coupling
connections in the workshop environment.

2. Explain what a reducer is and why it is used, and make the necessary explanations by giving
examples about where it is used.

3. The control methods required in electric motors will be explained and learned. For this, single-
phase and multi-phase control methods will be explained, and examples will be given by
supporting them with the necessary figures. The basic working principle of a phase and
frequency controlled system will be explained.

4. Explain how and in what way the speed control of the synchronous motor is done, supporting it
with examples.

5. Explain in simple diagrams what open and closed loop control logic is, so that the following
topics will be relatively easy to understand as the control logic will be established.

6. Make a simple introduction to DC motor control by explaining the PWM technique. Do not forget
that it is the most preferred method in most of today's motors and especially in electric bicycles.

7. Have students who understand what servo motor drivers are do applications with plenty of
examples to settle the servo control logic.

8. Explain the logic of the process by applying a simple stepper motor control. Thus, students can
guess where steppers are used and where servo motors are used.

Chapter synopsis

The training to be given in Section 5.3 is very important as it is now the transition stage to practice. If
the explanatory examples are from today's technology, the solution of the problems to be encountered
will be easier and more economical. Let's not forget that.

First, the issue of couplings is discussed. These types of subjects, which are one of the most important
transmission organs of engines, should be diversified with their structures and connection types and
examples.

Gearboxes are an integral part of motors today in terms of location and structure. In this section, the use
of reducers is explained by answering where, how and what types of questions.

In the following topics, it will be taught how to control electric motors. For this, first of all, control
methods in single-phase motors will be given with examples. Phase and frequency control methods will
be explained.

Speed control, which is the most important issue in DC motors, is the most used method in today's
devices. Thus, the control of the system is completely in the hands of the user. For example, speed and
torque control in electric bicycles is carried out with these methods. The structure of the system is
explained by referring to the methods and electronic circuits used in this regard.

Again, the control logics of the DC and AC models of servo motors, which are among the most used
motors today, are explained schematically and sample circuits are given.



Stepper motors, which are one of the most important choices in the DC motors category, are explained
as a working system and the working logic is explained with the necessary mathematical operations. At
the same time, the control system with a simple control circuit is described.

Thus, power transmission and control in electric motors are explained.

Review and discussion questions

1.

No ok~ ow

10.
11.

What is a coupling and why is it needed. Is it necessary to use different couplings for each
motor. Discuss.

What are the standard methods for coupling adjustment, where is it done, can anyone do it.
Create a discussion environment for this.

What do you understand when you say reducer. Discuss.

Where are reducers used in our lives? You know which type of gearbox you have seen. Explain.
What is the structure of speed and direction adjustment gearboxes? Explain by researching.
Explain which types of motors can be controlled by thyristor phase adjustment.

Explain how to control frequency and voltage with microprocessor control with an example
diagram. At the same time, apply it in the workshop environment.

How to control a 3-phase synchronous motor with an inverter in a workshop environment.
Apply the example by researching.

Make a simple PWM control circuit and control the speed of a small DC motor. Use the
workshop environment for this.

Investigate how to operate and control a servo motor in a workshop environment.

Create a circuit in the workshop environment for stepper motor connection and observe the
operating classes of the stepper motor with various connections.



5.4 Direct Current Motor Connections

Learning outcomes

1. Students will be given general information about DC motors and the subject will be easier to
understand.

2. The mechanical structure and parts of the DC motor will be learned and disassembled and
assembled, so that manual dexterity will be developed.

3. The types and characteristics of DC motors will be taught from simple to complex.

4. DC motor connections will be transferred with the necessary schemes and applications.

5. Necessary knowledge about drive systems will be obtained.

6. Detailed information about electric bicycle controllers will be provided.

7. Information on the use and functions of the controller will be provided.

Chapter synopsis

Section 5.4 gives an overview of the connections of direct current motors.

For this, first of all, the structure of DC motors and the functions of the parts in this structure will be
explained visually and practically. Practices in the workshop environment will reinforce students'
learning skills.

DC motors are everywhere in our daily lives. The types and features of these engines used will be
explained with the necessary shapes, diagrams and visuals, and if necessary, one-to-one engine models
will be introduced using workshop facilities. In this way, students’ visual memories will be used.

One way to make any system electric is to use an electric motor. The type of motors to be used for this
and the method of activating the system is called "drive". In this section, the various drive methods will
be explained and the system will be visually introduced.

The middle drive system will be introduced as a visual and working system, so that students will know
this drive system and understand its operation logically. In this section, students will also understand
what the terms torque and cadence are.

In a subsection, they will have a visual recognition of what a direct drive system is, how it works and
the system parts that make up this work.

In the next section, it will give you the opportunity to test the operation of this system in the workshop
environment, what kind of working system is in e-bikes with geared hub motors.

Finally, in the drive systems, it will recognize the wheel friction motor system, which is actually the
easiest e-bike system and is very simple in structure. Will be able to perform the assembly and operation
of this system in the workshop environment.

Students will be taught how the Bicycle controller works and its use, which is necessary for the
operation of electric bicycles, with the necessary shapes and modules. Necessary applications will be
made for this.



Review and discussion questions

1. Discuss the good or bad aspects of DC motors by researching the features that distinguish them
from other types of motors.

2. Try to create an idea about more efficient use by researching the structure and types of the
inductive system.

3. Discuss the features in the structure of permanent magnet motors. Investigate whether this
structure is efficient.

4.Why is the comppunt engine manufactured in this structure? Discuss the reasons. Investigate
whether it is suitable in terms of structure.

5. Discuss the advantages and disadvantages of mid-drive motors. In fact, create a discussion
environment in a way to get the opinions of the students about how suitable this system, which
is widely used, is for electric bicycles.

6. It is a matter of debate in which systems the terms torque and cadence are more efficient. Discuss
this topic in the educational environment.

7. Visually demonstrate the contents of the motor structure in direct drive systems by disassembling
them on a piece-by-part basis in the workshop environment. In this way, the characteristics of
the structure will affect the visual memory for the students and the understanding of the working
system will be easier.

8. Show the structure of the system to the students by applying the geared hub motor structure with
the disassemble, disassemble and assemble method as in the previous article.

9. Apply the assembly and disassembly of the wheel friction motor system first, and then have the
students practice it and make them gain practice.

10. Run a sample electric bicycle controller in the workshop environment by connecting the
appropriate apparatus. Show students each function individually, how it works and what should
happen as a result of the process.

11. Discuss the location and function of Hall sensors with the students and why they are necessary.



5.5 Number of revolutions of direct current motors

Learning outcomes

1. Learn why and how to control speed in brushed DC motors (DCM).

2. Will be able to learn to control the motor by creating PWM with microprocessor and other analog
methods.

3. Learn why and how to control speed in brushless DC motors (BLDC).

4. Will be able to learn to control the motor by creating PWM for brushless DC motors with
Microprocessor and other analog methods.

5. It will be ensured that they will be able to control speed and speed with various engine driving
techniques, and that they have sufficient knowledge about working systems.

6. Will be able to make connections and operate a standard motor control circuit.

Chapter synopsis

In Module 5.5, general information will be given about how to check and change the speed of direct
current motors.

Since the motors used in this section are DC, it will usually be relatively easy to explain and apply the
subject.

First of all, the subject of speed control in brushed DC motors will be covered and some basic terms
and systems will be obtained.

Work will be carried out on the first basic circuit structure for the forward-reverse operation of the
engine. Thanks to this study in the workshop environment, the motor drive structure will be examined.
For the speed control of the motor, the necessary connections will be made over the basic application
circuit working with the PWM method, and the application will be made after the theoretical
explanation.

As the third application, speed control will be provided with a brushless DC motor circuit. For this
process, it will be ensured that the system is operated by carefully making every connection in the
workshop environment, first theoretically and then practically, through a suitable motor and control
circuit.

Review and discussion questions

1. Discuss by opening a discussion topic to determine why the H-Bridge circuit is used and the
problems that may be encountered in practice.

2. Discuss the methods used for PWM control.

3. Ensure that the motor direction and speed changing circuit is realized and used in the
workshop environment. For this process, take the sample circuit in our book as a basis.

4. Ensure that the necessary controls are made by connecting a motor in the workshop
environment with a microprocessor-controlled brushless motor control circuit. Do not forget
that this circuit is the basic control circuit of electric bicycle motors.

5. Discuss the design of the brake control circuit in the classroom with student ideas.

6. In addition to the various motor driving and speed control techniques in our book, research
and discuss other techniques in a classroom environment.



Aprendix I: Module Applications

Module 1 application
Start by connecting the stepper motor.

Module 2 application
Start a 3-phase asynchronous motor with a delta and star connection. Explain the difference between
them.

Module 3 application

Check a 3-phase synchronous motor with an inverter in the workshop environment.

Module 4 application
Assemble and operate the wheel friction motor system in the workshop environment, then disassemble
it and restore it to its original state.

Module 5 application

Assemble and operate the system with the following quantity and features written as a set in our
workshop.

1*350 Watt Brushless Motor (BLDC)

1 * Smart controller — ( Brain )1 *

Finger push Throttle lever

1 * LCD display ( Module Feature

)2 * Brake Levers

1 * Magnetic Pedal Assist Sensor (Pass)1 *

Connection Cable
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Module 6
STRUCTURAL FEATURES OF
ELECTRIC BICYCLES

Chapter 6.1 Body Designs

Learning outcomes
1. Will be able to explain the body structure of electric bicycles aerodynamically.
2. Know the basic properties of the materials used in the body structure of electric bicycles.
3. Will know the mechanical parts of electric bicycles by their names and features and will be able
to disassemble and assemble them.
4. Will recognize the types of electric bicycles according to the body structure and will know the
features of this structure.

Chapter synopsis

Section 6.1 mainly covers information about the body design of an electric bicycle. Upon successful
completion of this section, students will know the main structure of the bicycle mechanically.
Participants who learn the basic skeletal structure will then learn the types of this structure (foldable,
road bike, recreational bike or mountain bike, etc.) and learn the differences between them and the
reasons for their construction.

In the next topic, they will learn about the other parts attached to this structure and the order in which
they are installed.

Afterwards, he will learn the operation of the electric bicycle and the elements that make up the work.
The module will end with general information about electric bicycles.

Review and discussion questions
1. Discuss what distinguishes electric bikes from other battery-powered vehicles
2. How the body structures of electric bicycles have changed over the years. Discuss it in class by
searching it on the internet.
3. Think of the main features of the batteries as the place on the bicycle frame and discuss where
the ideal location might be.
4. Discuss the difference between mountain biking and urban cycling with examples.



Chapter 6.2 Mechanical Connection Designs

Learning outcomes

1.
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10.
11.

Will know and explain the basic electric bicycle structure with all the element connections.
Learns the types of motor connections and the location of the motor.
He will know the indicator and its structure.

Know the gear levers and their functions.

Know the pedal and pedal structure.

Know the brake systems.

He will know the rims and the types of rims.

It will recognize and know the sensors (speed, cadence, torque, etc.).
Know the back and front lighting systems.

Know the chains and gear sets.

He will know the connections of the battery and motors.

Chapter synopsis

In Section 6.2, the elements that make up the electric bicycle and their connections will be seen
theoretically and practically with the help of appropriate figures and visuals.

They will be able to examine the structure of bicycles, which are normally produced electrically,
mechanically and electrically, and tell the function of each part.

He will find that a normal bike can go electric using conversion Kits

He will know that the normal bike can be transformed into an electric bicycle with different methods
by using different conversion kits.

Finally, he will learn about the advantages and disadvantages of electric bicycles.

Review and discussion questions

1.

~

Discuss the effect of materials used as body structures on weight and durability in electric
bicycles.

Discuss why different types of motors are preferred in electric bicycles and are produced for
this purpose.

Discuss the purpose of the sensors and their methods.

Discuss the effects of the lamps used in electric lighting on the battery in the light of scientific
data.

Discuss what the types of indicators should cover and the impact of cost on dashboard quality,
with appropriate examples.

Discuss the impact of the chain system on battery life.

Discuss the types of gears and the necessity of electronic gearing.

Discuss why the rim types and diameters are different.



6.3 Powertrains and Pedal Assemblies

Learning outcomes
1. Ingeneral, they will have knowledge of what powertrains are and how they work.

2. General information about the pedal and its structure will be taught.

3. Information will be given about the structure, types and operation of derailleurs.

4. Information about gear systems and their operation will be given.

5. Information will be given about the types and features of chain sets (crank, chainset sets) and
practical training will be given on how to maintain and service them.

6. Information will be given about the structure, types and operation of the torque sensor.

7. Necessary information will be given about what cadence, speed and speed sensors are, their

types and their work through appropriate shapes and diagrams.

8. Motors and motor types will be reviewed and connection types will be shown in the diagram
and practically.

9. Batteries and their types will be explained, and chargers will be examined according to the
characteristics of battery types.

Chapter synopsis

The training to be given in Section 5.3 is very important as it will now cover the entire electric bicycle.
After a general bicycle structure is mentioned, the transmission elements to be used for the adaptation
of the parts that make up the bicycle to each other will be introduced.

Pedal structure and handling are the crux of any bike. Since the mechanical force applied here will be
transmitted to the wheels, the structure of this system should be understood by the student in the best
way. In this section, this structure will be introduced.

Gear systems, which act as a transmission organ in every mechanical system, are also very important
in electric bicycles. Therefore, the system is conveyed to the students with appropriate examples and
shapes in terms of type and structure.

The types of systems we call derailleurs will be examined in detail in this section in terms of their
structural features.

The operation and structure of the sets of chains that provide transmission between gears and gears will
be studied in detail. The training to be given here should be both theoretical and practical.

The topic of sensors will be covered extensively and will be examined both structurally and
operationally. (rpm, torque, speed and cadence sensors)

Battery types and charging units will be examined practically and theoretically.

The motor and motor control circuits used in electric bicycles will be examined in terms of type and
structure and necessary applications will be made.



Review and discussion questions

1.
2.
3.

8.
9.

Research what powertrains are and their types.

Avre pedals necessary on electric bikes? Discuss.

Discuss the differences between electronic shifters and mechanical shifters. Which one is
necessary, to what extent?

How the structure of gear systems has changed over time. Do your research.

Chain set (crank, chainring set) types vary according to how. What are the materials used in its
construction. Research and discuss.

The structure of the torque sensor depends on what its types are. What is the obligation to use.
Discuss.

How cadence, rpm and speed sensors perform their tasks and what material they are made of.
Research and discuss.

Investigate fault and troubleshooting methods in engine control systems.

Research how to maintain batteries and chargers and what is required to work for a long time.

10. Compare scooters and electric bikes and create a feature comparison table.



6.4 Types of Brakes -Regenerative Brakes

Learning outcomes
1. Know braking systems and how Regenerative braking systems work and types.

2. He will know what the type of V-Brake (shoe pad brake) is and how it works.
3. Learn what a hydraulic brake system is and how it works.
4. Know the mechanical disc brake system and its structure.
5. Know the front-rear disc brake system.
6. He will know the drum brake system and its operation.
7. Know the regenerative braking system.
Chapter synopsis

Section 6.4 will describe braking systems and regenerative braking systems in general.

First of all, the V brake system, which is the classic braking system, will be mentioned and shown
practically.

Secondly, the hydraulic brake system will be explained. Practices in the workshop environment will
reinforce students' learning skills.

The structure and operation of mechanical disc brakes will be described. Here the control can be steel-
wire or hydraulic. This information will be given in practice.

The cases in which the disc system mentioned in the previous topic is on both wheels will be explained.
Then, the drum brake system will be examined and explained practically.

Finally, the "Regenerative" system, in which the energy gained from braking is transferred to the
batteries for charging, will be explained.

Review and discussion questions

1. Explain and discuss the advantages and disadvantages of the VV-Brake system.

2. Discuss the characteristics of the oil used in hydraulic braking.

3. Compare disc brake and drum brake systems and discuss the advantages and disadvantages of
both systems.

4. Discuss what is the most reliable braking system in rainy and muddy environments.

5. Can the "Regenerative Braking" system used in electric motors be used in internal combustion
engines?



6.5 Lighting and warning systems

Learning outcomes
1. Know the types and connections of the lighting systems used in bicycles, and at the same time,
they will get to know the system by applying the connection.
2. Will know the lamps used in lighting and their features.
3. Learns filament lamps and the system of use.
4. Learns halogen lamps and the system required for their use.
5. Comprehend LED lamps and operating systems.
6. Know the methods of lamp feeding.
7. It will recognize the reflector.

Chapter synopsis

In Module 6.5, it will recognize the lamps and systems used for both safety and lighting required for
electric bicycles.

By learning the lamps used chronologically, you will learn the latest types of lamps in today's
technology.

He will learn about filament lamps and their connections, which are no longer used much.

By learning halogen lamps and connection systems, they will be able to make all kinds of lamp
connections.

LED lamps are inexpensive, durable and practical lamps used today. Learn about the types and methods
of use of these lamps, their advantages and disadvantages.

No matter what type of lamp it is, the feeding methods of these lamps are different. It will recognize
lamps with disposable batteries, charged, battery fed or dynamo fed lamps and will know the connection
methods.

Will know the reflectors and their types and will be able to apply them.

Review and discussion questions

1. Discuss the advantages or disadvantages of LED lamps.
Research and discuss which type of lamp is best to use on off-road bikes.
Compare rechargeable and dynamo-powered lamps and discuss their efficiency.
Discuss how to get the best look for reflactor color and types.
Are halogen lamps practical to use? Research and discuss.
Why did the use of filament lamps decline and disappear? Research and discuss.
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6.6 Display Circuits

Learning outcomes
1. To facilitate use, light indicators with various information and warning signs are used on bicycles.

In this module, you will learn the use and connection of this panel.

2. Learns the types and types of instrument panels visually and practically.
3. Learns the use of the instrument panel connection system and application.
4. Learns connection failures and methods of elimination.

Chapter synopsis
In Module 6.6, the use and installation of light panels that provide ease of use and various information
on electric bicycles will be learned:

Schematic and visual teaching of instrument panel structures and types.

Installation and operation of the instrument panel.

Using the dashboard menu.

Learn the meaning of signs and warnings on the dashboard.

In case of malfunction of the instrument panel, practical repair and service maintenance.

Review and discussion questions

1.
2.

Discuss why LED module is preferred

Discuss the most suitable place for panel mounting, taking into account the connection
conditions.

In the event of a malfunction of the instrument panel, investigate and discuss the issue of using
it without a panel. Learn about the precautions to be taken.

Discuss the practical repair method of cable fault rectification.



Aprendix I: Module Applications

Module 1 application
Assemble the front and rear wheels.

Module 2 application
Start the hub motor by mounting.

Module 3 application
Remove the speed sensor and reinstall another sensor and re-install it.

Module 4 application
Replace the steel wire of the VV-Brake system and make it work again.

Module 5 application
Start the system by installing an LED bulb on the headlight.

Module 6 application
Make it operational by connecting a dashboard in the workshop that is compatible with the system.
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Module 7
LEGAL REGULATIONS ON ELECTRIC
BICYCLES

Chapter 7.1 - Considerations When Using Electric
Bicycles

Learning outcomes
1. State the reasons for the importance of licensing procedures for electric bicycles.
2. Explain license documents and their importance.
3. Know the rules that electric bicycle users should pay attention to and are aware of the conditions
required to be a conscious user.
4. Describe the considerations for the use of cargo bicycles or driver's bicycles in urban traffic.

Chapter synopsis

The use of electric bicycles has made it mandatory to apply some rules for the safety of ourselves and
the environment. Teachers will explain the necessary procedures for licensing electric bicycles in
hierarchical order with examples and support the licensing process with relevant visuals.

In this section, the laws and rules that should be known about the use of electric bicycles will be
discussed. The use of electric bicycles will be explained that there are some rules for the safety of
ourselves and the environment and will be visually supported with figures showing their application.

Review and discussion questions

1. What rules have the use of electric bicycles made it necessary to apply for the safety of ourselves
and the environment? Discuss what you think may be the factors in the emergence of these rules.

2. In which cases is a license required for electric bicycles? How to obtain a license to use an electric
bicycle? Research the necessary steps for obtaining a license.

3. Which rules do electric bicycle users have to follow? Investigate the reasons. Discuss the
requirements for being a conscious user.



Chapter 7.2 - Electric Bicycle Driving License

Learning outcomes
1. Learn what are the regulations related to electric bicycles in traffic.
2. Know the obligations regarding helmet, license plate, registration and driving license.
3. Have knowledge about the types of documents related to electric bicycles and vehicles, age,
experience and age of use by looking at the relevant table.

Chapter synopsis

As the use of electric bicycles, electric motorcycles, electric scooters, electric motorcycles and electric
scooters has recently increased on highways, traffic regulations have been needed for life safety.
According to the power and speed per hour of electric vehicles, obligations such as helmets, license
plates, registration, driver's license have been introduced. Under this heading, each example is given
together with the examples shown in tables and figures.

Our students will learn that electric bicycles, scooters, motorcycles, E-Bikes and vehicles with an engine
power of 0.249 kW (249 watts) can be used without a license and license plate. They will know that
there is no license plate obligation for electric bicycles and that traffic insurance is not required.

250 W and higher electric motor powered vehicles are required to have a license and license plate,
which will be learned by researching the relevant laws.

Review and discussion questions

1. Which rules should electric bicycles follow when used in city traffic? Do research on the subject
and explain.

2. Depending on the power and speed per hour of electric vehicles, obligations such as helmet,
license plate, registration and driver's license have been introduced. Accordingly, what should
be the required driver's license class for electric bicycles? Discuss the results by examining the
laws and regulations on the subject.

3. Examine the electric bicycle license, explain what information is included on it.



Chapter 7.3 - Ethics of Using Electric Bicycles

Learning outcomes
1. Learn that the use of electric bicycles brings with it certain rules. Know that e-bikes enable
people, especially the elderly and those who are weak because of their disabilities, to enter
urban life, and that these groups can use bicycles for their journeys or travel longer distances.
2. Learn what are the ethical rules to be followed when using electric bicycles within the
framework of respect for society.
3. Know that using electric bicycles in traffic is also a way of respecting society and ethical rules.

Chapter synopsis

It is explained that using electric bicycles in the social community is also subject to certain rules. It was
explained that there are ethical rules that are determined in accordance with traffic rules and that electric
bicycle users should be aware of. It was emphasized that electrically assisted bicycles enable many
segments of society to access bicycles, to access more places and easily, and to use bicycles more
frequently and for longer periods of time.

Review and discussion questions
1. Conduct a research on the ethical rules to be followed when using electric bicycles within the
framework of respect for society.
2. Discuss how long the vehicle following distance should be for electric bicycles.
3. E-bikes have made it easier and cheaper for university students to access culture and
entertainment, while expanding their housing options in the city. Research examples of this.



Chapter 7.4 - Electric Bicycle Frame and Design

Learning outcomes

1. Know that sustainable transportation is not a choice but a need, a problem-solving situation in
this century.

2. Learn that in order for cycling to be safe, cities must have a safe cycling infrastructure.

3. Learn that there are warning signs for bicycles and electric bicycles and that signs and markers
should be obeyed.

4. Have information about which roads can and cannot be used by electric bicycles.

5. Know the features and use of electric bicycle charging stations.

Chapter synopsis

It was explained that electric bicycles are an important type of transportation due to their energy
efficiency, environmental friendliness and compatibility with public transportation. It was also
mentioned that infrastructures related to sustainable transportation planning and especially the concept
of livable cities should be established.

It was emphasized that the rapid expansion of the charging infrastructure for electric vehicles
throughout the country and the establishment of a healthy and sustainable structure for the sector in the
long term should be considered as a strategic goal.

The studies carried out by countries on electric bicycles and charging stations of vehicles are included.

Review and discussion questions
1. According to the road standard, what characteristics must an electric bicycle have? Research
this question.
2. Research warning signs for bicycles and electric bicycles. Print out these warning signs and
hang them in your classroom.
3. What are the studies that countries have done on electric bicycles and charging stations for
electric bicycles and vehicles? Do internet research.



Chapter 7.5 - Environmental Sustainability and the
Role of Electric Bicycles in Urban Transportation

Learning outcomes

1.

It was explained that two strategies are used together to promote and increase the use of
sustainable modes of transportation in urban transportation and to reduce the use of modes of
transportation that are dependent on non-renewable resources, polluting and restricting human
mobility. These are strategies that encourage the use of non-motorized transport modes while
at the same time reducing the use of motorized transport modes.

Policies that aim to increase the use of pedestrian, bicycle and public transportation modes and
implement improvements to these modes are explained with examples.

The working logic of electric bicycles is explained and their superior features are mentioned. It
is also emphasized that the use of this widespread vehicle should be determined by a set of
rules. It is stated that the use of electric bicycles in cities can be strengthened with social
awareness campaigns.

Chapter synopsis

Students will learn the concept of micromobility for urban transportation. Thus, they will be introduced
to this concept by explaining that micromobility is an exponentially growing mode of transportation in
urban transportation, especially preferred by the young population, and that these vehicles are now
among the basic means of transportation in many cities of the world.

It will be taught that the use of electric bicycles in cities can be strengthened with social awareness
campaigns. The student will have learned consumer ethics related to sustainability, consumers making
their purchasing choices in a sustainable and socially responsible way, moral rules, principles and
judgments in using and disposing of products.

Review and discussion questions

1.

Give examples of policies that aim to increase the use of pedestrian, bicycle and public
transportation modes and implement improvements in these modes to promote environmentally
friendly transportation.

Investigate the practices in cities regarding the shared (shared) use and individual (ownership)
use of electric bicycles.

Conduct research on the concept of micromobility on the internet and have a class discussion.



Module 8
PERIODIC MAINTENANCE AND

SERVICE FOR ELECTRIC BICYCLES

Chapter 8.1 - Daily, Weekly and Monthly
Maintenance

Learning outcomes

1. Recognize the maintenance equipment used in the repair of electric bicycles and know where
to use them.

2. Recognize the operations to be done in the daily maintenance of the electric bicycle and gain
the skills to apply them.

3. Recognize the operations to be done in the weekly maintenance of the electric bicycle and gain
the skills to apply them.

4. Recognize the operations to be done in the monthly maintenance of the electric bicycle and
gain the skills to apply them.

5. Recognize the operations to be done in the chain maintenance of the electric bicycle and gain
the skills to apply them.

6. Recognize the operations to be done in the tire maintenance of the electric bicycle and gain the
skills to apply them.

7. Recognize the operations to be done in the brake maintenance of the electric bicycle and gain
the skills to apply them.

8. Recognize and gain the ability to apply the procedures to be done in the monthly and annual
maintenance of the electric bicycle.

Chapter synopsis

The topics covered in this section are very important as it is the transition phase to practical training
application. If the explanatory examples are from today's technology, the solution of the problems will
be easier and more economical. Let's not forget this.

In this section, the equipment used in the repair of electric bicycles is introduced and how daily, weekly,
monthly and annual maintenance should be done is explained with illustrations.

Lubricating the chains, which are the most important organs in the electric bicycle, checking the cables
and channels, checking the brakes and maintaining the gear shifters are explained with examples.



The need for timely maintenance of batteries and checking their charge status is explained with
illustrations. Chain maintenance and chain maintenance oils are introduced. What to pay attention to in
the maintenance of chains is explained with applications.

It was explained with figures that tire pressure should be checked before driving and once a week to see
if they are sufficiently inflated.

The importance of brake maintenance is emphasized and information is given on how brake
maintenance should be done.

The timetable of electric bicycle maintenance was given in the form of a table and it was tried to gain
skills as a warning for the necessary maintenance times.

Review and discussion questions

1.
2.

Find out what maintenance equipment is used in electric bicycle repair. Create a table about this.
Research the chemicals required for the maintenance of electric bicycle chains. Review the process
steps to be applied for the maintenance of the chains.

Make a study by making a chart of the procedures to be done in the daily, weekly, monthly and
annual maintenance of the electric bicycle.

Why is the brake system important in electric bicycles? Research this topic on the internet and
discuss it among yourselves.

Compare the catalog values related to the air pressure of the tires on electric bicycles. First apply
the tire pressure measurement yourself, then have the students apply it to gain practice.



Chapter 8.2 - Electric Motor Failures

Learning outcomes

1. Learn what are the causes of failure of electric motors used in electric bicycles.

2. In cases where the electric motor does not work, they will learn where the fault originates from
and gain skills related to troubleshooting methods.

3. Have knowledge and skills about how to troubleshoot the Electric Motor Pedal Assistant Sensor
Malfunction.

4. Detect ECU (Engine Control Unit) failure and reach the result by knowing the usage places of
the tools used in fault detection.

Chapter synopsis

In this section, general information about electric motor failures that may occur in electric bicycles will
be given. In this section, students will gain the competencies to perform these maintenance on your own
in this module, which aims to maintain and repair brake systems, pedals, electric motor and charging
unit and to inform about periodic maintenance.

It is explained that the electric bicycle should be washed or wiped during the maintenance of the rose,
and that it should be charged at the end of use to prepare it for the next ride.

In the weekly maintenance of electric bicycles, it is explained with figures that the chains, which are
the most important organ, should be lubricated, cables and channels should be checked, brakes should
be checked and gear shifters should be maintained. It is aimed to provide technical information on how
to maintain the battery, chain, tires and brake system.

It is explained that the brakes should be maintained at the monthly check, disks or pads should be
checked for excessive wear and components should be replaced according to the manufacturer's
recommendations. In addition, all periodic maintenance is analyzed in a table.

Review and discussion questions

1. Investigate the causes of failure of electric motors used in electric bicycles.

2. In cases where the electric motor does not work, try to solve where the malfunction originates
from using the relevant equipment. Discuss the results among yourselves.

3. Show the results in a table by doing research on how to troubleshoot the Electric Motor Pedal
Assistant Sensor Malfunction.

4. Examine the general periodic maintenance table. Discuss the controls that should be done in
daily, weekly, monthly and annual maintenance by showing them on the electric bicycle.



Chapter 8.3 - Mechanical System Failures

Learning outcomes

1. Gain the ability to detect and repair mechanical system failures. Show mechanical system
failures on the table.

2. Reach the result by fulfilling the procedure required for fault detection, in cases where the
electric motor does not work.

3. Connect and operate a standard motor control circuit.

4. Follow the necessary procedures for the repair of the Electric Motor Pedal Assist Sensor
Malfunction by detecting it.

5. Gain the skills to detect ECU (Engine Control Unit) failure with the necessary measuring
instruments.

6. Learn to control the electric bicycle by detecting mechanical system failures.

Chapter synopsis

Firstly, some basic terms and systems related to failures in mechanical systems will be introduced.
Possible mechanical failures and solutions that may be encountered in electric bicycles will be examined
by looking at the failure table.

Causes of failures and solution suggestions will be examined and application will be made after the
theoretical explanation.

Review and discussion questions

1.

If the power indicator is inactive when the ignition is switched on, show what the possible faults
are and the solutions.

If the throttle lever does not work when the ignition is turned on, what are the solution
suggestions? Discuss and reach a solution with applications.

If the throttle lever does not cut power, discuss possible malfunctions and solutions among
yourselves. Make applications on how to eliminate the malfunction using the necessary tools
and materials.

If it makes a lot of noise on uneven roads, what are the solution suggestions? Find the solution
with in-class applications.

If there is no drive in driving, discuss the possible causes of malfunction.



Chapter 8.4 - Charging System Failures

Learning outcomes

1. Depending on the use of electric bicycles and the user, some problems may arise in the charging
systems. In this section, students will learn why and how to control it.
2. They will learn the malfunctions that may occur in the charging system and will gain the ability
to detect these malfunctions on their own during the application phase.
3. By investigating the sources of problems related to the charging system, they will be able to
give advice to users about charging systems.
Chapter synopsis

First of all, the structure of charging systems and the tasks of the parts in this structure will be explained
visually and practically. Applications in the workshop environment will reinforce students' learning

skills.

Tables that can offer solutions in case of failure of the parts that make up the charging systems will be
developed. In this way, these tables will play an important role in detecting the malfunction of the
students.

Review and discussion questions

1.

Investigate what are the general charging system malfunctions. Discuss in class which service
methods should be applied to eliminate these malfunctions.

What should be considered in the maintenance of the elements that make up the charging
system? Search on the internet.

What are the most likely malfunctions in the charging system? Make applications on a faulty
charging system.



Chapter 8.5 - Warning and Indication System
Failures

Learning outcomes
1. Warning indicators on electric bicycles give information to the user about driving. In the

section, these warning and warning systems will be demonstrated with applications in the
workshop environment. Thus, students will gain practice in troubleshooting malfunctions.

2. They will gain skills to detect malfunctions in the warning and indication system using
AVOMETER.

3. They will practice troubleshooting each of the warning and indication systems including battery
charge status indicator, pedal assist level setting, speed indicator, total distance traveled
indicator, front lighting, instantaneous current value indicator and error codes information.

Chapter synopsis

Fault detection and maintenance of warning and indication systems including battery charge status
indicator, pedal assist level setting, speed indicator, total distance traveled indicator, front lighting,
instantaneous current value indicator and error codes are explained.

Measuring instruments used in fault detection are introduced and simple fault detection is explained
visually.

Review and discussion questions

1.

Measure the sensor with a voltmeter in the workshop using AVOMETER and share the results
with your teacher.

Make the pedal assistant level adjustment under the supervision of your teacher. Discuss the
results in class.

Change the bulbs in the front lighting system. Measure the amperage and voltage drawn by the
bulbs and share the results with your teacher.



Aprendix I: Module Applications

E

Perform daily, weekly, monthly and annual maintenance operations using the necessary tools,
measuring instruments and tools.

Find electric motor failures with the help of AVOMETER. Pay attention to the work and
process steps applied by your teacher to eliminate the malfunction.

Eliminate the existing mechanical system malfunctions.

Eliminate the charging system malfunctions by detecting them with measuring instruments.
Eliminate the warning and indication system malfunctions by detecting them with measuring
instruments.



