DIPLOMA WALLAH 5t Semester

ELECTRIC VEHICLE
DIPLOMA WALLAH

UNIT I: BASICS OF ELECTRIC VEHICLES

1.1 History and Evolution of Electric Vehicles (EV)
Definition @

Electric vehicles (EVs) are automobiles powered by electric motors using energy
stored in rechargeable batteries instead of internal combustion e s using fossil
fuels. The concept dates back to the early 19th century, when i 1s’developed
crude electric carriages powered by primitive battery techneélogy. BVs gained
popularity in the late 1800s and early 1900s, competing w%éﬁme cars due to
their quieter operation and zero tailpipe emissions. Ho
short battery range, high cost, and the rise of che
diminished their popularity through the 20th centu

imitations such as

al combustion vehicles
resurgence began in the late

20th century with advances in batteries an environmental concerns.
Today, modern electric vehicles offer impro ges, faster charging, and are
pivotal in sustainable transportation wotrldwide.

Explanation (8 key points)

1. EVs use electric moto by energy stored in batteries.

2. Early EVs were de \ ed'between 1830 and 1880 as prototypes.

3. Commercial Iectrlc vehicles appeared in the late 19th century.

4. EVs were 1hj favored for being quieter and cleaner than gasoline cars.

5. Limitat1 n battery tech and range restricted EV adoption in early 20th
century.

6. Internal combustion engines became dominant due to lower costs and
infrastructure.

7. Environmental concerns and technology improved EV popularity starting
1970s.

8. Currently, EVs are central to reducing pollution and fossil fuel dependence.

Real-Life Example
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o The Tesla Model 3 (since 2017) is a best-selling electric vehicle worldwide,
popular for its long driving range, affordable price for its class, and advanced
technology.

o Historical example: The Detroit Electric (1907-1939) was one of the most
successful early electric cars with over 13,000 units produced.

Working / Operation @
1. Battery stores electrical energy as chemical energy.
. The controller regulates power flow from battery to electric motor.

. Electric motor converts electrical energy into mechanical energy.

2

3

4. Mechanical energy drives the wheels for vehicle propulsio,

5. Regenerative braking recovers energy back to the batter®
6
7
8

. Auxiliary systems powered electrically for lights, a1 %1on1ng, etc.
. Charging converts AC grid power into DC for b storage.
. Onboard sensors manage battery healt nce, and safety.
Formula / Key Equation
o Electric Motor Power: P = V X = Voltage = current delivered to
motor.

stored energy.

o Battery Capacity: Am @ Ah ) or kilowatt-hours (kWh) measuring

Applications @
o Personal tra%@r\g)n (passenger cars, bikes).
o Publicira (electric buses, trams).
o Commercial vehicles (delivery vans, trucks).
o Industrial uses (forklifts, automated guided vehicles).
» Renewable energy integration with smart charging.
Advantages
o Zero tailpipe emissions.
o Lower noise pollution.

e Reduced operating and maintenance costs.

» High efficiency of electric motors.
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o Energy recuperation through regenerative braking.

e Supports sustainable and renewable energy use.
Disadvantages

o Limited driving range compared to gasoline cars.

o Longer refueling (charging) time.

» Higher initial purchase price.

o Battery degradation over time.

o Dependence on electricity grid and charging infrastructure.

o Environmental impact of battery production and disposal. \
Flowchart / Working Diagram (2D) x

text ®

PN
[Battery] --> [Controller] --> [Electric Motor] --> [Wheel?]&

>
———————————— [Regenerative Braking] | s@)
Additional: [Charging Port] --> [Batt§
/A

(Simple block diagram showi Zgﬂow from battery to wheels with
regenerative braking loop@
4

Common Errors or Misco ions

8 |

o Electric vehieles always require long charging times; in fact, fast-charging tech
has re significantly.

e EVsare owerful; modern electric motors deliver instant torque and
strong acceleration.

Keywords Box
o Electric Motor
» Battery
o Regenerative Braking
« Controller
o Charging Infrastructure

Summary (Hinglish)
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Electric vehicles woh gaadiyaan hain jo fuel ki jagah battery se electric motor chalati
hain. 19th century se inka idea aaya, lekin abnormal battery aur petrol gaadiyon ki
wajah se yeh zyada popular nahi hue. Aaj ke zamane mein, safai aur pollution kam
karne ke liye EVs super important hain, jaise Tesla Model 3 dasakte hain. Inmein
kam noise, kam maintenance aur high efficiency hoti hai. Charging infrastructure
aur battery life thoda challenge hai, par technology bharpoor improve ho rahi hai.
EVs future ki gaadiyaan hain.

1.2 Electric Vehicle Architecture & Types
Definition @

Electric Vehicle architecture refers to the design and arrangement.ofimajor
subsystems that make up an EV, including the energy source ( esor fuel cells),
propulsion system (electric motor, controller), and auxiliarygcompenents like power
electronics and charging interface. Types of EVs are categ@ased on their
power sources and propulsion methods, mainly Batte ¢ Vehicle (BEV),
Hybrid Electric Vehicle (HEV), Plug-in Hybrid Electric icle (PHEV), and Fuel
Cell Electric Vehicle (FCEV). Each type dlffers ity, energy source, and
environmental impact.

Explanation (8 key points)

1. EV architecture includes en , propulsion, and auxiliary
subsystems.

. BEVs run solely on bi d electric motors.

2

3. HEVs combine an i a{combustion engine with an electric motor.

4. PHEVs are MEVS but have larger batteries charged via plug-in.
5

6

7

ogen fuel cells to generate electricity onboard.
. Energy sOurce subsystem stores or generates electric power.
. Propulsion subsystem converts electric energy to mechanical energy.
8. Auxiliary subsystem manages lighting, HVAC, and other vehicle controls.
Real-Life Example
o Toyota Prius (HEV) mixes petrol engine and electric motor.
e Nissan Leaf (BEV) runs fully on batteries.
» Hyundai Nexo (FCEV) uses hydrogen fuel cells.
Working / Operation @
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1
2
3
4.
5
6
7
8

. Energy source supplies power electrically (battery or fuel cell).
. Power controller regulates power flow to propulsion motor.

. Electric motor drives wheels.

Auxiliary systems powered electrically.

. In hybrids, ICE and electric motor work cooperatively.
. Charging interface recharges batteries externally.
. Fuel cells generate electricity chemically (FCEV).

. Vehicle control unit manages all subsystem coordination.

Applications @

BEVs for zero-emission urban transport. xs
HEVs for fuel efficiency with long range. %;D

PHEVs offering flexible charging and fuel use.

FCEVs targeting longer ranges and fast refue
Commercial vehicles adopting di e% pes.

Advantages

Flexible designs meeting Va%u r needs.
Reduced emissions co traditional ICE vehicles.

Improved energy E@‘l

Enhanced vehi ormance.

Supports bility goals.

Growin@%t availability.

Disadvantages

HEVs and PHEV:s still use fossil fuels.

Complex systems increase cost and maintenance.
Fuel cell vehicles require hydrogen infrastructure.
Weight of batteries affects vehicle dynamics.
Charging infrastructure for full electric not universal.

Battery recycling challenges.
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Flowchart / Block Diagram
text

[Energy Source] --> [Controller] --> [Electric Motor] --> [Wheels]
| |

| ----->[Auxiliary Subsystem] |

For FCEV:
[Hydrogen Tank] --> [Fuel Cell] --> [Electric Motor]

For HEV/PHEV: \7%\

[Battery] + [ICE Engine] --> [Power Control Unit] --> [M%Q

Common Errors or Misconceptions

o All EVsare fully electric - HEVs have intern ustion engines.
o Fuel cells store electricity - actually t % ate electricity chemically.
Keywords Box

e BEV

« HEV E
R
. Powe @ 4

Summary (Hi

Electric vehicle ka architecture teen main parts mein banta hai: energy source,
propulsion, aur auxiliary systems. BEV sirf battery se chalta hai, HEV mein petrol
engine bhi hota hai, PHEV plug-in charging wala hybrid hai, aur FCEV hydrogen
fuel se power banata hai. Har type ki apni utilities aur challenges hain, lekin sabka
magqsad pollution kam karna hai. Aaj kal market mein yeh types common ho rahe
hain.

1.3 Comparison of Different EV Types

Definition €@
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Comparison of electric vehicle types involves analyzing and contrasting BEV, HEV,
PHEV, and FCEV based on driving components, energy sources, performance
features, problems, and market availability. This helps users choose the appropriate
EV type for specific needs and highlights the trade-offs involved in cost, range,
infrastructure, and emissions.

Explanation (8 key points)
1. BEVs are fully electric with large batteries and no combustion engine.
. HEVs combine electric motor with gasoline engine, no external charging.

. PHEVs have bigger batteries than HEVs and can be charged externally.

. BEVs have longest electric-only range but require chargi tructure.
. HEVs have better fuel economy but still emit pollu%.)

. PHEVs offer flexible charging and fuel options. E

8. FCEVs promise fast refueling but depend

2
3
4. FCEVs generate electricity onboard with hydrogen fuel cells
5
6
7

gen availability.
Real-Life Example \)
o Tesla Model S (BEV) \ <7
o Toyota Prius (HEV) %

o Mitsubishi Outlander P \%
« Hyundai Nexo (FC@
4
Working / Operation

(Similar Working@y)ifferences lie in energy source and integration.)

Comparison
Type | Drivin Energy Features Problems Market
Component | Source Examples
BEV | Electric Battery Zero Limited range, | Tesla Model
motor only emission, charging time | S, Nissan
quiet Leaf
HEV | Engine + Petrol + Improved | Emissions, Toyota Prius
Motor Battery fuel complex system
efficiency
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PHEV | Engine + Plug-in Flexible Higher cost Mitsubishi
Motor Battery + fuel use Outlander
Petrol PHEV
FCEV | Motor Hydrogen | Fastrefuel, | Hydrogen Hyundai
Fuel Cell Zero infrastructure | Nexo
emission sparse

Applications @
o Urban mobility
o Long-range travel
o Hybrid flexibility

o Commercial transport

S

e Environmental impact reduction
Advantages & Disadvantages
(Mix of above points for each type)
Flowchart (selective components)

(Block diagrams from earlier sections % <7

Common Errors or Misconceptio

o PHEV isjust a fully elec c% ¥ needs fuel too.
Keywords Box 3
N\

« Range \)
e Charging @ 7
e Emissi \7

o Fuel Efficiency
o Infrastructure
Summary (Hinglish)

Alag-alag EV types ka comparison unki driving parts, energy source aur features par
hota hai. BEV sirf battery se chalta hai, HEV fuel aur motor dono use karta hai,
PHEV mein zyada battery hota hai aur fuel bhi, aur FCEV hydrogen se chalta hai.
Har type ke apne pros aur cons hain jo market mein alag jagah suit karte hain.

1.4 Block Diagram of EV Subsystems
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Definition @

The block diagram of an electric vehicle subsystem visually represents major
components and their interactions within EVs, including the energy source
subsystem (battery or fuel cell), propulsion subsystem (motor and controller), and
auxiliary subsystem (supporting electronics). It helps understand the flow of energy
and signals necessary for vehicle operation.

Explanation (8 key points)
1. Energy source subsystem provides and stores electrical energy.

2. Propulsion subsystem converts electrical energy into motion.

3. Controller regulates motor operation and power delivery.

4. Auxiliary subsystem powers lighting, climate control, a %nie&
5

6

7

. Sensors monitor battery health and vehicle stat

. Charging interface connects vehicle to external pm@

. Regenerative braking sends energy back to

8. Vehicle control unit manages all subsyste
Real-Life Example g%!KV

o The Tesla Model 3’s block dg’sé/r arly shows battery pack, inverter,

mmunication.

motor, and auxiliary system
Working / Operation @

Sequence of energy flo f@sa{tery to motor, back to battery via regenerative
braking, and auxili flow.

Applications x
Design roubleshooting EV systems.

o Teaching EV fundamentals.

e Developing control algorithms.
o EV manufacturing and quality checks.
o User awareness and diagnostics.

Flowchart / Block Diagram
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text

[Battery Subsystem] --> [Controller] --> [Propulsion Motor] --> [Wheels]

| | --> [Auxiliary Subsystems]

[Charging Port] <---
I

[Regenerative Braking] --> [Battery Subsystem]

Common Errors or Misconceptions

o Auxiliary systems don’t consume significant energy; act ey can impact
range considerably. ®
Keywords Box %

o Battery Pack

o Controller \)
e Motor \7 %
o Auxiliary
o Charging @%
Summary (Hinglish) %
EV ke major parts ho@tery, motor, controller, aur auxiliary systems. Battery

se power motor ta yaur brake karte waqt energy wapas battery mein store
hoti hai. Chargir% e external power milti hai. Yeh diagram samajhne se gaadi

chalne ke fun@ ar ho jaate hain.

Mini Review Questions

1. What is the key difference between BEV and HEV?

2. Name three major subsystems of an electric vehicle.
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