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The history of electric vehicles can be divided J
up into six distinct periods:

g 1830-1880: The early pioneers of electrlc
mobility

g 1880-1914: The transition to motonzed
transport

g 1914-1970: The rise of the internal
combustion engine

1970-2003 The return of electric vehicles
2003-2020: The electric revolution

2021-Present day: The tipping point and
beyoung



https://blog.evbox.com/electric-cars-history#First-electric-cars
https://blog.evbox.com/electric-cars-history#transition-to-motorized
https://blog.evbox.com/electric-cars-history#ICE
https://blog.evbox.com/electric-cars-history#return-of-evs
https://blog.evbox.com/electric-cars-history#going-electric
https://blog.evbox.com/electric-cars-history#tipping-point

UThe worldés first electric vehicles (EVs)
predate gasoline-powered cars, with
experimental prototypes emerging in
Hungary, the Netherlands, and the UK
around the 1830s. The first practical EV is
often considered to be American inventor
Wi lliam Morrisonds V&
1890.

Modern EVs emerged in the late 20th
century in response to the 1973 QOil Crisis
and growing climate concerns. Starting
with the Toyota Prius in 1997, the 2000s
marked the re-emergence and
development of hybrid vehicles, building to
the launch of the first mass-market EV in oy E g \ D
2010 with the Nissan Leaf S ' o N
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First Electric Vehicle 1830-1880
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https://mag.toyota.co.uk/history-toyota-prius/
https://global.nissanstories.com/en/releases/nissan-leaf-10years
https://global.nissanstories.com/en/releases/nissan-leaf-10years
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U The rise of the internal combustion engine (1914-1970)

U The return of electric vehicles (1970-2003)
U Going electric Vehicles (2003-2023)

| f 2023 NISSAN LEAF







EV Architecture and Working

Charging
Port

Inverter

IDrivetrain

Battery

Electronics




The main components of electric vehicles are:
g Traction battery pack.

s DC-DC Converter.
¢ Electric motor.

¢ Power Train/Drive Train.
s Charging and Charge Port.
Onboard charger.



All-Electric Vehicle

Electric Traction Motor

Power Electronics Controller

DC/DC Converter

Thermal System (cooling)

Charge Port
Transmission
Onboard Charger

Battery (auxillary)

Traction Battery Pack

afdc.energy.gov




NISSAN LEAF BATTERY PACK GM OBINIC NIMH BATTERY MODULE




i - " 8

LEOPARD st

HT 12.65 (1 ZVESAHY ZOHR

& B C€
S
[t POWER SPFL (L. e

« Zebra b:

-

« Lithium-ion battery



2. COMPOSITION OF TRACTION BATTERY

(A) PbO2. PbO.H20.H2S04.

(B) The positive electrode consists of a nickel hydroxide/nickel oxyhydroxide
(NiI(OH),/NIOOH) compound, while the negative electrode is metallic cadmium
(Cd) and cadmium hydroxide (Cd(OH),). The electrolyte is an aqueous solution of
potassium hydroxide (KOH).

(C) Zebra battery. liquid sodium chloroaluminate (NaAICl4)

(D) Modern electric vehicles mainly have lithium-ion and lithium polymer batteries due
to the relatively higher energy density compared to weight. The major materials
required in lithium-ion batteries are the chemical components lithium, manganese,
cobalt, graphite, steel, and nickel

Electric vehicle auxiliary battery
The auxiliary battery is not used by the traction motor but is charged by the traction battery. It is

used to support all electrical systems except air conditioning and heating.
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\arious types of power electronics converters used in a typical series hybrid vehicle
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2. DC TO DC CONVERTER

......... ; DC to DC converter |
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electroniclinic.com
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3. ELECTRIC MOTOR

These days electric motors can be found in numerous everyday
devices. Those that use direct current (DC) motors have quite basic
functions. The motor is connected directly to an energy source and its
rotation speed depends directly on the intensity of the current. While
easy to produce, these electric
or size requirements of an electric vehicle, although you may find them
powering the windshield wipers, windows and other smaller
mechanisms inside the car.




If you want to understand how an electric vehicle
works, you need to be familiar with the physical
elements of its electric motor. And it starts with

THE STATOR AND THE ROTOR understanding the principles of its two major parts:
. the stator and the rotor. The difference between the
two is easy to remember: the stator is static, while the
rotor rotates. In a motor, the stator uses energy to
create a magnetic field that then turns the rotor.




EV ELECTRIC MOTOR

EV motors turn electricity into motion by
creating a rotating magnetic field. A cylinder
called the stator contains tightly-wound copper
wires, which the alternating current coming from
the inverter runs through. Because the current
alternates, the north and south poles of these
magnetic fields switch back and forth.




TYPES OF MOTORS(BASE ON USING CURRENTSEREE




HOW ELECTRIC MOTORS WORK i 3
MOTOR - LIQUID COOLED, PERMANENT PHASE AC INDUCTION MOTORS AC

MAGNET - REMY CARTRIDGE MOTOR




C MOTOR ROTATING AND BRUSH
DC MOTOR







TYPE OF MOTORS (BASE ON DESIGN)

Current Is Induced

Magnetic field generates —_ \
and interacts with _#8d’
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TYPE OF MOTORS (BASE ON DESIGN)

(? MOTOR 4)INDUCTION MOTOR
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ROTATING MAGNETIC FIELD (RMF)
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20 Mercedes Benz used Axial Flux Motor

Brushless
DC-Servomotor

) Rear cover

) PCB

) Hall sensors

) Bearing support
) Ball bearing

) Shaft

O Magnet




TYPE OF MOTORS (BASE ON DESIGN)
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4. POWER TRAIN

Electric Power Train

A typical EV powertrain consists of a
battery pack, inverters for power
transfer and electric motor(s)
through a final reduction drive. For
hybrid vehicles and plug-in hybrid fhéewsl i Gl
vehicles, there are additional '
components in the powertrain, like an
Internal Combustion Engine(ICE),
dedicated transmission and exhaust

Electric Traction Motor |
\

Power Electronics Controller

DC/DC Conver ter \

Traction Battery Pack

Charge Port

Transmission

Onboard Charger

Battery (auxillary)



g Battery pack. A battery pack consists of cells connected in groups of series and parallel configurations.
The battery voltage and current limits are set by the number of series and parallel connections to
control the power output.

g Traction inverters. Traction inverters primarily convert the DC from the battery pack to AC output for
running the electric motor. Another significant feature is electric braking, which improves the life of
mechanical braking systems by reducing unnecessary wear and tear. =5

Electric motor and reduction drive. The electric motor produces the mechanical energy for propulsion
based on the dynamics of the electric power received from the transmission. The final reduction drive
transforms the input from the motor to a high-torque output to the wheels to accelerate the vehicle. To
optimize battery usage and improve mileage, EVs are designed to set the final drive ratio per vehicle
speci fication and driving conditions. | t 1 s
speed. A higher final drive ratio leads to higher torque or better acceleration, whereas a lower torque
ratio allows maximum vehicle speeds.

On-board charger (OBC). The OBC controls the AC received through the charging port and converts it
to DC for battery storage.


https://www.powerelectronicsnews.com/gan-empowers-shift-to-800v-traction-inverters/

Multiple software runs with the specific EV powertrain components for data exchange and
processing. Such firmware is called the electronic control unit (ECU). A primary example of
this is the powertrain ECU, which controls the DC/AC converter to modulate the amount
and frequency of the voltage suppli ed t
acceleration and braking.

Some other essential ECUs in an EV powertrain system are a battery management system
(BMS) to monitor the health of the battery pack; a DC/DC converter to convert the voltage
from the battery pack to auxiliary car components like wipers, lights and power windows as
per their voltage requirement; a thermal management system to control the firmware
necessary to maintain optimal temperature for the powertrain system; and a body control
module to control auxiliary components like power windows and mirrors.

%


https://www.powerelectronicsnews.com/test-challenges-and-trends-for-battery-management-systems/

For EVs, each component can be classified into one of three powertrain categories:
i Power generation system: battery pack, OBC

i |Power distribution (transmission) system: DC/AC converter (traction inverter), DC/DC
converter, BMS

B Mechanical components: Electric motors, final reduction drive, components for electronic
accessories like power windows and mirrors )




EV POWERTRAIN DESIGN

The efficiency, mileage and

Motor

Final

Drive

uaneg

overall performance of an EV can
be optimized at the components,
architecture and control levels.

|

Ganegy

Wheels

(a) Nissan Leaf

-4 Motor 2

Engine

1 Motor |

S

Final
Drive

|

Wheels

(b) Toyota hybrid system (for Prius)



https://www.powerelectronicsnews.com/figure2-powertrain-examples/

|  TOYOTA PRIUS 2023 MODEL




Powertrain exampl es PUbcanuestmentandkelgatrig velede 5@
design: A model-based market analysis framework with application to a USA-China
comparisonstudy, 0 Desi gn Science, January 20

For example, the battery, motor(s) and engine are sized at the component level to
meet target driving requirements, like short-range city drive or long-range highway
drive. Also, the EV powertrain architecture can significantly improve the performance
of the venhicles by integrating and switching between multiple driving modes based on
the conditions. A driving mode is a configuration of components specific to a particular
use case, such as vehicle acceleration (high torque) or cruising (high speeds). ECUs
augment the existing hardware architecture to convert throttle from the driver to
Instructions for the battery and motor(s) to meet performance requirements such as 0O-
to 60-mph acceleration at near-optimal energy consumption. The optimal control
policies are determined using algorithms like dynamic programming, Pont r vy
minimum principle or the equivalent consumption minimization strategy.



https://www.researchgate.net/publication/301903820_Public_investment_and_electric_vehicle_design_A_model-based_market_analysis_framework_with_application_to_a_USA-China_comparison_study
https://www.researchgate.net/publication/301903820_Public_investment_and_electric_vehicle_design_A_model-based_market_analysis_framework_with_application_to_a_USA-China_comparison_study
https://www.researchgate.net/publication/301903820_Public_investment_and_electric_vehicle_design_A_model-based_market_analysis_framework_with_application_to_a_USA-China_comparison_study

Power el ectronicso rol e

leads to better thermal management and range. Lower efficiency results in higher
power loss, causing extra heating, for which the size of the EV must be increased for

|

To achieve those two objectives, apart from the powertrain design, semiconductor-
based power electronics switches play a crucial role in improving efficiency and
power density. The exponential demand for EVs is prompting extensive research in
power electronics switches like silicon (Si)-based IGBTs and MOSFETs to improve
switching characteristics for better efficiency.




Additionally, there has been an increasing interest in using silicon carbide (SIC)
MOSFETs based on their potential to improve efficiency and reduce the size of the |
power converter: r

g |SIC MOSFETSs, as wide-bandgap devices, provide many merits that are favorable
to the EV industry. MOSFETs have lower switching and conduction losses than
Si IGBTs or MOSFETs, which are essential to increase the mileage of EVs.

SiC-based switching devices have a higher junction temperature of 175°C,
compared with 150°C for Si-based devices, which makes it possible to design an
Integrated powertrain with a reduced cooling requirement.

In addition, the high switching frequency of SiC-based devices minimizes the size
of passive components like the DC-link capacitor, boost inductor and EMI filter.
These features of SIC-based semiconductor devices enable the reduction of the
overall size of the powertrain, which indirectly achieves a much higher power
density for an EV.



https://www.powerelectronicsnews.com/reliability-and-robustness-tests-for-next-generation-high-voltage-sic-mosfets/

Apart from better efficiency, semiconductor manufacturers are upgrading silicon packaging
technologies to address various automotive applications like thermal management and |&
Improving the semiconductor packages for challenging power densities.

Irrespective of semiconductor materials like Si or SIC, the IGBT- and MOSFET-based
solutions are evolving for high thermal management to reduce the EV size and cost by
reducing the need for expensive cooling systems. Compact dual-sidei cooling 750-V IGBT
modules with chip-level temperature and current-sensor ECUs have started coming up for
400-V traction inverter applications. Also, MOSFET packages with innovative surface-mount
packaging and top-side cooling provide compact traction inverter packaging, reducing the
vehicl edgs siI ze. -l

N

ExploitingSiCah{ C9¢ (2 L}2gS

Higher power densitie

Designers are working hard to reduce the size of-pmhker electronic subsystems, such as trag
iInverters and onboard chargers (OBCs) as both asewsig measure and to maximize the vehi
usable space. When applied to bridge inverters, using smaller,-comheng drive modules allo
designers to place them closer to their point of I¢aal), often celocated with the motor/transa

assemblyFig. Below)
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Compact, CoeRunningSICMOSFETSs enable the design of sapacing tractio
inverters that occupied little or no area, and canevenbé @ Ol 0 SR 6 A 0 K




5. CHARGING OF ELECTRIC VERHICLES

Alternating Current (AC)

Onboard

charge




FAST CHARGING VIEW

EXTREMELY FAST CHARGING CHANGES THE PERCEPTION
OF EV CHARGING CONVENIENCE

Home (AC) Work/Destination (AC) Drive-Therough Station (DC)
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AC Charging DC Fast Charge
APINCabon Pl vy wal / Chargeng vistun / Garsge APPICation: Crargrg station | Chargey cile
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DIFFERENT TYPES OF CHARGING PORT

There are Two Type of AC Charging Ports

Type 1 is a single-phase plug and is standard for
EVs from America and Asia. It allows you to charge
- your car at a speed of up to 7.4 kW, depending on
f\"ﬁ?i—?\‘é the charging power of your car and grid capability.
S Typel  Type2 CCS  CHAdeMO

Type 2 plugs are triple-phase plugs because they
have three additional wires to let current run
through. So naturally, they can charge your car
faster. At home, the highest charging power rate is
22 kW, while public charging stations can have a
charging power up to 43 kW, again depending on
the charging power of your car and grid capability.




Two types of plugs exist for DC charging:

5 (CHAdeMO: This quick charging system was developed in Japan, and allows for
very high charging capacities as well as bidirectional charging. Currently, Asian car
manufacturers are leading the way in offering electric cars that are compatible with

la CHAdeMO plug. It allows charging up to 100 kW. |

g CCS: The CCS plug is an enhanced version of the type 2 plug, with two additional
power contacts for the purposes of quick charging. It supports AC and DC
charging. It allows charging at a speed of up to 350 kW.




SUMMERY

AlFour types of plug exist, two for AC (type 1 and 2) and two for DC (CHAdeMo and CCS).
AType li s common f or Amer | c aphase/ptdpanacarecharge at &
speed of up to 7.4 kW.
ATypeZi s standard for European and Asi anphase
plug and can charge at a level of up to 43 kW. o
Alccs (Combine Charging System) is a version of type 2 with two addltlonal power
contacts. It allows very fast charging.
CHAdeMO can be found in Asian cars and allows for high charging capacities as well as
bidirectional charging.
CHAdeMOO I s a pl @HArgede MOVe®, pwhiacslhe means O
| t 6s a pun on the Japakagadesukagdhr avhe ch Ot claa s
a cup of tea

/
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LARGE SIZE VIEW FOR TYPE 1 AC

LARGE SIZE VIEW FOR TYPE 2 AC
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ILARGE VIEW OF TYPE CCS TYPE 1 DC LARGE VIEW OF TYPE CCS TYPE 2 DC-
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ILARGE VIEW OF TYPE CHA DE MO,DC | ARGE VIEW OF TYPE GB/T, AC-




EV charging
connector type

Socket

cC

cpP

PE

Pinouts for GB/T 20234.2 (male interface)

Charging
confirmation

Control pilot

Protective
earth

Neutral
Line 1
Line 2
Line 3

pre-insertion
signalling

post-insertion
signalling

full-current
protective earthing
system—~6-
millimetre (0.24 in)
diameter

single-phase AC

single-phase AC
back-up contact
back-up contact




LARGE VIEW OF TYPE GB/T, DC




