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Course: B. Voc Class: First Year
Branch: Automobile Servicing

Subject: Modern Electric and Hybrid Vehicles Semester: 1

Notes

Unit 1: Introduction

Multiple Choice Questions

Q1: What is the primary difference between an electric vehicle (EV) and a hybrid electric vehicle (HEV)?

a) EVs use both an internal combustion engine and electric motors, while HEVs only use electric motors.

b) EVs are powered by electricity only, while HEVs use a combination of an internal combustion engine and
an electric motor.

c) EVs have a higher environmental impact than HEVS.

d) HEVs only use electricity to power the vehicle.

Answer: b) EVs are powered by electricity only, while HEVs use a combination of an internal combustion

engine and an electric motor.

Q2: When was the first commercially available electric car introduced?
a) 1891

b) 1915

c) 1940

d) 1990

Answer: a) 1891

Q3: Which company introduced the first mass-market hybrid electric vehicle (HEV), the Toyota Prius?
a) Ford

b) General Motors

c) Toyota

d) Honda

Answer: ¢) Toyota
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Q4: What is one of the main environmental benefits of electric vehicles (EVs)?
a) Increased use of fossil fuels

b) Reduction in greenhouse gas emissions

c) Higher fuel consumption

d) Increased noise pollution

Answer: b) Reduction in greenhouse gas emissions

Q5: How do hybrid electric vehicles (HEVS) contribute to reducing air pollution?
a) They produce zero emissions.

b) They use both an engine and battery, reducing fuel consumption and emissions.
c) They only emit water vapor as a byproduct.

d) They produce less noise than gasoline vehicles.

Answer: b) They use both an engine and battery, reducing fuel consumption and emissions.

Q6: What is a major social benefit of electric vehicles (EVs)?
a) Lower maintenance costs

b) Increased fuel prices

c) Less demand for public transportation

d) Increased dependency on oil

Answer: a) Lower maintenance costs

Q7: What is the unit of electric current?
a) Watt

b) Volt

c) Ampere

d) Ohm

Answer: ¢) Ampere
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Q8: The relationship between voltage (V), current (1), and resistance (R) is given by which law?
a) Faraday's Law

b) Coulomb’s Law

c) Ohm’s Law

d) Kirchhoff’s Law

Answer: ¢) Ohm’s Law

Q9: What does the term "AC" stand for in electrical systems?
a) Alternating Current

b) Active Current

c) Alternating Capacitor

d) Active Circuit

Answer: a) Alternating Current

Q10: In an electric vehicle, the battery typically stores which type of energy?
a) Chemical energy

b) Electrical energy

c) Kinetic energy

d) Thermal energy

Answer: a) Chemical energy

Q11: A motor is a device that converts energy into mechanical energy.
a) Chemical

b) Electrical

¢) Thermal

d) Kinetic

Answer: b) Electrical
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Q12: In an electric vehicle, what type of motor is commonly used for propulsion?
a) DC motor

b) Induction motor

¢) Synchronous motor

d) All of the above

Answer: d) All of the above

Q13: What is the function of a generator in hybrid electric vehicles?
a) To convert mechanical energy into electrical energy

b) To store energy for later use

c) To convert electrical energy into mechanical energy

d) To increase the speed of the vehicle

Answer: a) To convert mechanical energy into electrical energy

Q14: Which of the following is a key difference between an electric motor and a generator?

a) A motor generates electricity, while a generator converts electricity into motion.

b) A motor converts electrical energy into mechanical energy, while a generator converts mechanical energy
into electrical energy.

c) A motor works only with DC power, while a generator works only with AC power.

d) There is no difference; both are the same.

Answer: b) A motor converts electrical energy into mechanical energy, while a generator converts mechanical

energy into electrical energy.
Q15: The process of regenerative braking in electric vehicles (EVs) uses the electric motor as a generator to

a) Convert heat energy to electrical energy

b) Slow the vehicle down without using the brakes

c) Convert mechanical energy back to electrical energy for recharging the battery
d) Increase the vehicle's speed

Answer: ¢) Convert mechanical energy back to electrical energy for recharging the battery
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Match the Pair

Q1: Match the vehicle type with its description.

A. Electric Vehicle (EV)

B. Hybrid Electric Vehicle (HEV)

1. Powered entirely by electricity from batteries.

2. Uses both an internal combustion engine and an electric motor.
Answer:

A - 1 (Electric Vehicle: Powered entirely by electricity)

B - 2 (Hybrid Electric Vehicle: Uses both an internal combustion engine and an electric motor)

Q2: Match the year with the historical milestone in electric and hybrid vehicle development.
A. 1891

B. 1997

1. Introduction of the first commercially available electric car.

2. Introduction of the first mass-market hybrid vehicle, the Toyota Prius.

Answer:

A -1 (1891: Introduction of the first commercially available electric car)

B - 2 (1997: Introduction of the first mass-market hybrid vehicle, Toyota Prius)

Q3: Match the vehicle feature with its environmental benefit.

A. Electric Vehicle (EV)

B. Hybrid Electric Vehicle (HEV)

1. Helps reduce local air pollution by lowering emissions.

2. Reduces greenhouse gas emissions and dependence on fossil fuels.

Answer:

A - 2 (Electric Vehicle: Reduces greenhouse gas emissions and dependence on fossil fuels)

B - 1 (Hybrid Electric Vehicle: Helps reduce local air pollution by lowering emissions)
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Q4: Match the electrical term with its unit.
A. Voltage

B. Current

C. Resistance

1. Volt

2. Ampere

3. 0hm

Answer:

A -1 (Voltage: Volt)

B - 2 (Current: Ampere)
C - 3 (Resistance: Ohm)

Q5: Match the device with its main function.

A. Electric Motor

B. Electric Generator

1. Converts electrical energy into mechanical energy.

2. Converts mechanical energy into electrical energy.

Answer:

A - 1 (Electric Motor: Converts electrical energy into mechanical energy)

B - 2 (Electric Generator: Converts mechanical energy into electrical energy)

Q6: Match the company to its hybrid or electric vehicle.

A. Toyota

B. Tesla

1. Introduced the first mass-market hybrid, the Prius.

2. Known for its all-electric vehicles, such as the Model S.
Answer:

A - 1 (Toyota: Introduced the first mass-market hybrid, the Prius)

B - 2 (Tesla: Known for its all-electric vehicles, such as the Model S)
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Q7: Match the benefit to the vehicle type.

A. Electric Vehicles (EV)

B. Hybrid Electric Vehicles (HEV)

1. Reduces carbon footprint due to zero tailpipe emissions.

2. Improves fuel efficiency and reduces emissions by using both electric and gasoline power.

Answer:

A - 1 (Electric Vehicles: Reduces carbon footprint due to zero tailpipe emissions)

B - 2 (Hybrid Electric Vehicles: Improves fuel efficiency and reduces emissions by using both electric and

gasoline power)

Q8: Match the unit with its physical quantity.
A. Ampere

B. Volt

C. Watt

1. Unit of power.

2. Unit of electric current.

3. Unit of electric potential difference.
Answer:

A - 2 (Ampere: Unit of electric current)

B - 3 (Volt: Unit of electric potential difference)
C - 1 (Watt: Unit of power)

Q9: Match the motor type with its characteristic.

A. DC Motor

B. Induction Motor

C. Synchronous Motor

1. Typically used in high-performance electric vehicles for precise speed control.
2. Commonly used in electric vehicles due to its simplicity and robustness.

3. Often used in low-power applications, with no brushes or commutator.
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Answer:

A - 3 (DC Motor: Often used in low-power applications, with no brushes or commutator)

B - 2 (Induction Motor: Commonly used in electric vehicles due to its simplicity and robustness)
C - 1 (Synchronous Motor: Typically used in high-performance electric vehicles for precise speed control)

Q10: Match the principle to the motor or generator.
A. Electric Motor

B. Electric Generator

1. Operates by converting electrical energy into mechanical energy.

2. Operates by converting mechanical energy into electrical energy.

Answer:

A - 1 (Electric Motor: Operates by converting electrical energy into mechanical energy)

B - 2 (Electric Generator: Operates by converting mechanical energy into electrical energy)

Short Answer Questions

Quils:on Question Marks
1 1. What is the difference between Electric Vehicles (EVs) and Hybrid Electric 04
Vehicles (HEVS)?
Electric Vehicles Hybrid Electric Vehicles
EVs are powered entirely by | HEVsuseacombination of aninternal
electricity stored in batteries combustion engine (ICE) and an
electric motor
EVs are more fuel-efficient as they | HEVs switch between the ICE and
don’t rely on gasoline electric motor to optimize fuel usage
EVs produce zero tailpipe emissions HEVs still produce emissions when
the ICE is in use
EVs have limited range based on | HEVs can drive further due to the
battery capacity backup of the gasoline engine
EVs need to be recharged via an | HEVs recharge the battery through
electrical outlet regenerative braking and the ICE
) When was the first commercially available electric vehicle introduced, and 04

what was its significance?
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e The first commercially available electric vehicle was introduced in 1891.

e |t was called the Detroit Electric Car, designed by William C. Anderson.

e The vehicle had a range of 50-60 miles, which was impressive at the time.

e Electric vehicles were popular for short trips and urban use in the early
20th century.

e The introduction marked the beginning of electric vehicle development,
though it was later overshadowed by gasoline cars due to range and
refueling issues.

How has the history of hybrid electric vehicles (HEVs) evolved over time?

04

Early hybrids were developed in the 19th century, but they did not
become widely adopted.

The Toyota Prius, introduced in 1997, was the first mass-market hybrid
vehicle.

HEVs gained popularity in the late 1990s and 2000s due to increasing
concerns over fuel efficiency and environmental impact.

Over time, the technology improved, making hybrids more fuel-
efficient and environmentally friendly.

Modern HEVs are more advanced, incorporating regenerative braking
and advanced power management systems.

What are the social benefits of electric and hybrid electric vehicles (EVs and
HEVs)?

04

Lower Operating Costs: EVs and HEVs have lower fuel and
maintenance costs compared to conventional vehicles.

Reduced Noise Pollution: Electric motors are quieter than internal
combustion engines, reducing noise pollution in urban areas.

Energy Security: EVs reduce dependence on oil and fossil fuels,
contributing to greater energy security.

Public Health: Reduced air pollution from EVs and HEVs helps
improve public health by decreasing respiratory diseases.

Job Creation: The growth of the EV industry creates new jobs in
manufacturing, research, and renewable energy sectors.

How do electric and hybrid electric vehicles contribute to environmental
sustainability?

04

Reduced Greenhouse Gas Emissions: EVs produce zero emissions,
while HEVs reduce emissions by using both electricity and gasoline
more efficiently.

Lower Carbon Footprint: By using renewable energy sources to charge
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EVs, the overall carbon footprint is significantly reduced.

Reduced Air Pollution: EVs do not emit harmful gases like CO2, NOx,
and particulate matter, improving air quality.

Efficient Energy Use: HEVs combine the benefits of electric and
gasoline power, improving fuel efficiency and reducing overall energy
consumption.

Sustainable Manufacturing: As battery technology improves, the
sustainability of EV production and disposal continues to enhance.

What are the basic electrical concepts necessary to understand electric vehicles?

04

Voltage (V): The potential difference that drives current through a
circuit.

Current (1): The flow of electric charge, measured in amperes (A).
Resistance (R): The opposition to the flow of current in a conductor,
measured in ohms ().

Power (P): The rate at which electrical energy is used, measured in watts
(W), calculated as P =V x I.

Energy Storage: Batteries in EVs store electrical energy in the form of
chemical energy, which is converted to electric current when needed.

What are the key components of an electric motor used in electric vehicles?

04

Stator: The stationary part of the motor that produces a rotating magnetic
field.

Rotor: The rotating part that turns in response to the magnetic field
created by the stator.

Commutator (in some motors): Used in DC motors to reverse the current
direction and ensure continuous rotation.

Brushes: In some motors, they maintain contact between the rotor and
commutator.

Windings: Coils of wire through which current flows to generate a
magnetic field and produce motion.

How do electric motors work in an electric vehicle?

04

An electric motor works based on the interaction between magnetic
fields generated by the stator and rotor.

Electric current flows through the motor’s windings, creating a magnetic
field around them.

The stator’s magnetic field induces a force on the rotor, causing it to spin.
The rotating rotor drives the vehicle’s wheels via a transmission or direct




Akhil Bharatiya Maratha Shikshan Parishad’s
Anantrao Pawar College of Engineering & Research

Record No.: ADM/D/036B Dol: 02/01/2023
Revision: 00

Internal Correspondence

drive system.
The efficiency of the electric motor is high, as most of the electrical
energy is converted into mechanical energy for propulsion.

9 How does regenerative braking work in hybrid and electric vehicles? 04
e Regenerative braking captures the vehicle’s kinetic energy during
braking and converts it into electrical energy.
e The electric motor acts as a generator during braking, slowing the vehicle
down while generating power.
e The generated electricity is sent back to the battery, helping to recharge
it.
e This process reduces wear on traditional brake components, increasing
their lifespan.
e Regenerative braking improves overall energy efficiency, extending the
range of electric and hybrid vehicles.
10 What is the role of a generator in a hybrid electric vehicle? 04

A generator in an HEV is used to convert mechanical energy into
electrical energy.

It typically generates electricity during braking or when the engine is
running to recharge the battery.

The generator helps maintain battery charge without needing an external
power source.

It ensures that the electric motor has enough power when the vehicle is
running in electric-only mode.

The generator works in tandem with the internal combustion engine to
increase overall vehicle efficiency.
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Unit 2: Electric and Hybrid Electric Drive Trains

Multiple Choice Questions

1. What is the primary function of electric traction in vehicles?
A. To reduce fuel consumption

B. To power the vehicle using electricity from a battery

C. To generate electricity from mechanical energy

D. To increase the torque output of an engine

Answer:

B. To power the vehicle using electricity from a battery

2. In a hybrid vehicle, which of the following is combined with the electric motor for propulsion?
A. Diesel engine

B. Internal combustion engine (ICE)

C. Solar panel

D. Wind turbine

Answer:

B. Internal combustion engine (ICE)

3. What is the main advantage of hybrid traction systems over conventional internal combustion engines?
A. Reduced fuel consumption

B. Increased emissions

C. Higher noise levels

D. Increased weight

Answer:

A. Reduced fuel consumption

4. Which of the following is a key benefit of electric traction systems?
A. Zero tailpipe emissions

B. Use of gasoline fuel
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C. Higher engine temperature
D. Dependence on fossil fuels
Answer:

A. Zero tailpipe emissions

5. Which drive train topology allows the electric motor and internal combustion engine (ICE) to work
independently or together in hybrid vehicles?

A. Series Hybrid

B. Parallel Hybrid

C. Series-Parallel Hybrid

D. Fully Electric

Answer:

C. Series-Parallel Hybrid

6. In a series hybrid vehicle, how is the electric motor powered?
A. Directly by the battery

B. By the internal combustion engine (ICE) only

C. By the internal combustion engine (ICE) via a generator

D. By solar panels

Answer:

C. By the internal combustion engine (ICE) via a generator

7. Which of the following is true for parallel hybrid vehicles?

A. The electric motor cannot drive the wheels directly

B. The vehicle can operate on either the electric motor or the internal combustion engine (ICE) independently
C. The internal combustion engine (ICE) is always required to start the vehicle

D. The vehicle operates only on the internal combustion engine (ICE)

Answer:

B. The vehicle can operate on either the electric motor or the internal combustion engine (ICE) independently
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8. Which of the following hybrid electric vehicle (HEV) topologies uses an engine to charge the battery that
powers an electric motor for driving the wheels?

A. Series Hybrid

B. Parallel Hybrid

C. Plug-in Hybrid

D. Full Hybrid

Answer:

A. Series Hybrid

9. What is one key disadvantage of electric vehicles (EVs)?
A. Higher cost of electricity

B. Limited driving range due to battery capacity

C. Increased fuel efficiency

D. Faster acceleration compared to gasoline vehicles
Answer:

B. Limited driving range due to battery capacity

10. Which topology is typically used for high-performance hybrid vehicles that require the engine and motor to
operate simultaneously for better performance?

A. Series Hybrid

B. Parallel Hybrid

C. Series-Parallel Hybrid

D. Fully Electric

Answer:

C. Series-Parallel Hybrid

11. What is a major disadvantage of series hybrid drive systems?
A. Reduced fuel efficiency
B. Requires both the engine and motor to operate at all times
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C. The engine operates at suboptimal efficiency
D. Increased complexity of the drivetrain
Answer:

C. The engine operates at suboptimal efficiency

12. Which hybrid drive train configuration allows the vehicle to run solely on electric power or solely on the
engine?

A. Series Hybrid

B. Parallel Hybrid

C. Series-Parallel Hybrid

D. Plug-in Hybrid

Answer:

B. Parallel Hybrid

13. What is one of the major advantages of a plug-in hybrid (PHEV) vehicle over a traditional hybrid?
A. Higher fuel consumption

B. Longer all-electric driving range

C. Complete dependence on the internal combustion engine (ICE)

D. No need for an external charging source

Answer:

B. Longer all-electric driving range

14. What is a key disadvantage of parallel hybrid vehicles?
A. Difficulty in integrating the electric motor with the ICE
B. Higher production cost due to complex drivetrain

C. Limited regenerative braking capability

D. Limited all-electric driving range

Answer:

D. Limited all-electric driving range



i Anantrao Pawar College of Engineering & Research

& W » | Record No.: ADM/D/036B Dol: 02/01/2023
Revision: 00

A% \ Akhil Bharatiya Maratha Shikshan Parishad’s
),

Internal Correspondence

15. In a series hybrid, which component is responsible for recharging the battery?
A. Electric motor

B. Internal combustion engine (ICE)

C. Transmission

D. Regenerative braking system

Answer:

B. Internal combustion engine (ICE)

Match the Pair

Q1: Match the traction system to its description.

A. Electric Traction

B. Hybrid Traction

1. Uses only electric motors powered by a battery.

2. Combines an internal combustion engine (ICE) with an electric motor for propulsion.
Answer:

A - 1 (Electric Traction: Uses only electric motors powered by a battery)

B - 2 (Hybrid Traction: Combines an internal combustion engine with an electric motor for propulsion)

Q2: Match the hybrid vehicle configuration to its characteristic.

A. Series Hybrid

B. Parallel Hybrid

1. The internal combustion engine (ICE) is used solely to generate electricity for the electric motor.

2. The vehicle can run on either the internal combustion engine (ICE) or the electric motor independently.
Answer:

A - 1 (Series Hybrid: The ICE is used solely to generate electricity for the electric motor)

B - 2 (Parallel Hybrid: The vehicle can run on either the ICE or the electric motor independently)

Q3: Match the electric vehicle benefit to its advantage.
A. Zero Tailpipe Emissions

B. Lower Operating Costs
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1. Contributes to a cleaner environment by emitting no pollutants during operation.

2. EVs generally have lower maintenance and fuel costs compared to gasoline-powered vehicles.
Answer:

A -1 (Zero Tailpipe Emissions: Contributes to a cleaner environment by emitting no pollutants)

B - 2 (Lower Operating Costs: EVs generally have lower maintenance and fuel costs)

Q4: Match the hybrid vehicle configuration to its feature.

A. Series-Parallel Hybrid

B. Plug-in Hybrid

1. Can operate on electric power for longer distances by charging the battery through an external power source.
2. Uses both the internal combustion engine (ICE) and electric motor for propulsion, depending on driving
conditions.

Answer:

A - 2 (Series-Parallel Hybrid: Uses both the ICE and electric motor for propulsion)

B - 1 (Plug-in Hybrid: Can operate on electric power for longer distances by charging the battery externally)

Q5: Match the braking system to its description.

A. Regenerative Braking

B. Conventional Braking

1. Converts Kinetic energy into electrical energy, which is stored back in the battery.

2. Uses friction to convert kinetic energy into heat, reducing the vehicle’s speed.

Answer:

A - 1 (Regenerative Braking: Converts kinetic energy into electrical energy, stored in the battery)

B - 2 (Conventional Braking: Uses friction to convert kinetic energy into heat)

Q6: Match the hybrid vehicle configuration to its description.
A. Series Hybrid
B. Series-Parallel Hybrid
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1. The internal combustion engine (ICE) only generates power for the electric motor.

2. Both the ICE and electric motor can provide power to the wheels independently or simultaneously.
Answer:

A - 1 (Series Hybrid: The ICE only generates power for the electric motor)

B - 2 (Series-Parallel Hybrid: Both the ICE and electric motor can provide power to the wheels)

Q7: Match the hybrid vehicle disadvantage to its description.

A. Complex Drivetrain

B. Limited Electric-only Range

1. Hybrid vehicles tend to have more components, which increases maintenance costs and complexity.

2. The vehicle can only travel a short distance on electric power before the internal combustion engine (ICE) is
needed.

Answer:

A -1 (Complex Drivetrain: Hybrid vehicles tend to have more components, increasing maintenance costs)

B - 2 (Limited Electric-only Range: The vehicle can only travel a short distance on electric power)

Q8: Match the hybrid vehicle configuration to its characteristic.

A. Parallel Hybrid

B. Series Hybrid

1. The electric motor assists the internal combustion engine (ICE) when necessary, and either can drive the
wheels.

2. The electric motor alone drives the wheels, and the internal combustion engine generates electricity for it.
Answer:

A - 1 (Parallel Hybrid: The electric motor assists the ICE, and either can drive the wheels)

B - 2 (Series Hybrid: The electric motor alone drives the wheels, with the ICE generating electricity)

Q9: Match the hybrid vehicle benefit to its advantage.
A. Improved Fuel Efficiency

B. Reduced Emissions
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1. Hybrid vehicles consume less fuel by utilizing both electric and gasoline power.

2. Hybrid vehicles emit fewer pollutants than conventional gasoline vehicles.

Answer:

A - 1 (Improved Fuel Efficiency: Hybrid vehicles consume less fuel by using electric and gasoline power)

B - 2 (Reduced Emissions: Hybrid vehicles emit fewer pollutants than conventional vehicles)

Q10: Match the drive system to its feature.

A. Electric Drive System

B. Hybrid Drive System

1. Uses only electricity for propulsion, with no internal combustion engine (ICE).

2. Uses both an electric motor and an internal combustion engine (ICE) for propulsion.
Answer:

A - 1 (Electric Drive System: Uses only electricity for propulsion)

B - 2 (Hybrid Drive System: Uses both an electric motor and an internal combustion engine)

Short Answer Questions

Question

ion Mark
NO Questio arks

1 What is the basic concept of electric traction in vehicles? 04

e Electric traction refers to using electric motors for propulsion in vehicles
instead of internal combustion engines (ICE).

e The electric motor is powered by electricity stored in a battery.

e Zero tailpipe emissions are a key feature of electric traction, reducing air
pollution.

e Electric traction systems are more energy-efficient than traditional
combustion engines.

e They require recharging from an external power source, typically via a
home charging station or public charging networks.

e Electric traction is ideal for urban mobility and short-distance travel.
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How do hybrid traction systems combine electric and conventional power

2 04
sources?
e Hybrid traction combines an internal combustion engine (ICE) and an
electric motor to power the vehicle.
e The ICE and electric motor work independently or together, depending
on the vehicle's needs.
e The electric motor is typically used at low speeds, while the ICE powers
the vehicle at higher speeds or when additional power is needed.
e Regenerative braking helps recharge the battery using kinetic energy.
e Hybrids can improve fuel efficiency and reduce emissions compared to
conventional ICE vehicles.
e Fuel consumption is minimized as the ICE operates more efficiently in
certain driving conditions.
3 What are the different types of hybrid drive train topologies? 04
e Series Hybrid: The internal combustion engine (ICE) does not directly
power the wheels; it generates electricity for the electric motor.
e Parallel Hybrid: Both the ICE and the electric motor can drive the
wheels independently or together.
e Series-Parallel Hybrid: Combines the features of both series and
parallel hybrids, allowing the vehicle to operate with either or both
power sources depending on the driving situation.
e Plug-in Hybrid (PHEV): Can be charged from an external power source
and typically allows longer electric-only driving ranges.
e Each topology has different levels of complexity, fuel efficiency, and
reliance on the ICE.
4 What are the main advantages of electric vehicles (EVs)? 04

Zero emissions: EVs produce no tailpipe emissions, contributing to
cleaner air.

Lower operating costs: Electricity is cheaper than gasoline, and EVs
have fewer moving parts, reducing maintenance costs.

Energy efficiency: Electric motors are more efficient than internal
combustion engines.

Reduced noise pollution: EVs operate quietly, reducing noise pollution
in urban areas.

Fewer moving parts: EVs generally have lower maintenance needs due
to fewer components.
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e Government incentives: Many regions offer tax breaks, rebates, or
subsidies to encourage EV adoption.

5 What are the disadvantages of electric vehicles (EVs)? 04
e Limited driving range: EVs are limited by battery capacity, typically
requiring recharging on longer trips.
e Long refueling times: Charging an EV can take several hours compared
to refueling a gasoline vehicle in minutes.
e High initial cost: EVs generally have a higher upfront purchase cost,
primarily due to the cost of batteries.
e Battery degradation: Over time, the battery's capacity to hold charge
diminishes.
e Charging infrastructure: Not all areas have adequate public charging
stations, limiting convenience.
e Environmental impact of battery production: Mining and
manufacturing of batteries can have significant environmental impacts.
6 How do parallel hybrid vehicles work? 04
e In a parallel hybrid vehicle, both the electric motor and internal
combustion engine (ICE) can drive the wheels simultaneously or
independently.
e The electric motor provides power at low speeds or for short distances.
e The ICE kicks in when more power is required, such as for higher speeds
or rapid acceleration.
e The electric motor is typically powered by a battery, which is recharged
via regenerative braking or the ICE.
o Parallel hybrids offer better fuel efficiency than conventional vehicles
due to the ability to switch between the motor and engine.
e These vehicles can operate on electric-only mode for short trips or on
engine power for longer trips.
7 What is the role of regenerative braking in hybrid and electric vehicles? 04

e Regenerative braking captures kinetic energy that would otherwise be
lost as heat during braking.

e This energy is converted into electrical energy by the electric motor,
which acts as a generator.

e The energy is then stored in the vehicle's battery for later use, helping to
extend range.

e Regenerative braking helps reduce wear on conventional braking
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components (like brake pads).

It increases the overall energy efficiency of the vehicle, especially in city
driving with frequent stops.

It contributes to lower fuel consumption in hybrid vehicles by reducing
reliance on the internal combustion engine (ICE).

8 What are the main advantages of hybrid vehicles? 04

o Improved fuel efficiency: Hybrids use both electric and gasoline power,
maximizing efficiency.

e Lower emissions: Hybrid systems produce fewer pollutants than
conventional vehicles due to reduced engine use.

e Extended range: The internal combustion engine (ICE) serves as a
backup to the electric motor, extending the vehicle’s range.

e Regenerative braking: Captures energy during braking, improving
energy efficiency.

e Flexibility: Hybrids can operate on either the electric motor or ICE,
depending on driving conditions.

e Less dependence on charging infrastructure: Since hybrids can rely on
gasoline, they don’t depend on charging stations like EVS.

9 What are the disadvantages of hybrid vehicles? 04

e Higher cost: Hybrid vehicles are typically more expensive than
conventional vehicles due to complex drivetrains.

e Complexity: The combination of an electric motor and internal
combustion engine (ICE) makes the system more complicated to
maintain.

e Limited electric-only range: Hybrids typically have a shorter electric-
only range compared to fully electric vehicles (EVs).

e Weight: The dual power sources (electric motor and ICE) add weight,
which can impact performance.

e Maintenance costs: Hybrid systems may require more maintenance due
to the complexity of the drivetrain.

e Battery replacement: Over time, the hybrid battery may degrade,
requiring costly replacement.

10 How do electric and hybrid vehicles contribute to environmental sustainability? 04

Reduced greenhouse gas emissions: EVs and hybrids produce fewer
emissions, helping mitigate climate change.
Air quality improvement: EVs emit no pollutants, while hybrids emit
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fewer pollutants compared to traditional vehicles.

e Less noise pollution: EVs are quieter, reducing noise in urban areas.

e Energy efficiency: Electric motors are more efficient than internal
combustion engines, leading to lower energy consumption.

¢ Reduced fossil fuel dependency: EVs reduce reliance on oil, encouraging
the shift to renewable energy sources.

e Battery recycling: Advances in battery recycling can help reduce the
environmental impact of battery production.




