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y * The first EV was a small toy car built in 1828 by a Hangarian. -
* EV was developed in the 1830s while an ICEV was in 1885.
* The early days of EVs employing lead-acid batteries started mainly from the 1890s.

* By the year 1920, its popularity started declining due to ICEV that was mass produced by Henry
Ford.

* At the same time, huge reserves of petroleum were found all over the world.
* The ICEV had better mileage, speed, low capital, and running cost.

* These advantages led to the initial death of EVs and, by the year 1935, they almost disappeared
from the market.

* Once again, the oil crisis upsurge of the 1970s generated fluctuations in gasoline in market, and
this led to the renewed interest in EVs.

* By the year 1995, the digital systems, microprocessors, power electronic circuits, motors, control,
and battery technology had also improved for high-performing EVs. /

Source: The Institution of Engineering & Technology, London, Ug
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\/ Evolution of Electric Vehicles cgjé®o%moijozsgao§ao§e@3§3c6€3
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% 1973: GM displayed initial prototype of EV for urban use

% 1991: New regulation released to environment made by US govt.
% 1996: GM mass produced EV1.

¢ 1997: Hybrid car PRIUS was released by Toyota

%+1998: Hybrid car INSIGHT launched by Honda

++2008: ROADSTER EV launched by Tesla

++2010: All EV launched by Nissan

%+2016: Chevy BOLT, an All-EV released by GM

=

Source: The Institution of Engineering and Technology, London, U \/
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Economic and environmental impact of conventional vehicle leading to
selection of EV

Q The petroleum fuel-based cars and trucks are responsible for almost 25% of CO2
emission and other such vehicles account for about 12%.

Q A hybrid vehicle essentially combines petrol/diesel fuel along with one different power
(energy) sources. The possible second source is generally one of the following : battery,
flywheel, and fuel cell (FC).

O The major economic parameters for a customer to purchase any vehicle are the
following: (i) vehicle price, (ii) fuel cost, (iii) maintenance costs and service station
availability, (iv) driving range, (v) availability of the fueling station, (vi) time required for
the fueling, and (vii) battery replacement cost.

L The modern world is employing technology in every aspect of life, and the use of
chemicals, composites, and plastic is helping in newer developments. This is cause for
newer challenges, . global warming, and irreversible climate change draws. It has only ~/
been recently acknowledged that some regulations have been decided internationally for
stopping the global warning. 4 \/
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1 PASSENGER CARS

O COMMERCIAL VEHICLES

O BUSES

O 2-3 WHEELERS

GLOBAL TRENDS oog200

* 2021 EV STOCK

16.7 MILLION

(9% OF GLOBAL SALES)

180,000

(1% OF GLOBAL SALES)
685,000

(44% OF GLOBAL SALES)
275 MILLION

(42% OF GLOBAL SALES)
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2040 EV STOCK PROJECTIONS

727 MILLION
(75% OF GLOBAL SALE)
15.5 MILLION
(54% OF GLOBAL SALE)
1.7 MILLION
(83% OF GLOBAL SALES)
758 MILLION
(83% OF GLOBAL SALES)

SOURCE: USAID, NREL
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\/ COST DECLINES IN BATTERIES 03]30C36$6200000500§6qf:8$34):

Figure. Projected decrease in cost of batteries, 2020-2050

_, A Higher upfront cost of most EVs

compared to internal combustion 5565 B Siow Advancement O BNEF 2016
engine (ICE) counterpart is due to - sl -0
cost of battery. X Interpolated
O Battery pack prices have fallen 89% a% —
since 2010, despite recent supply %
chain issues. 8 .
>
O Unsubsidized upfront price parity & .
expected in most vehicle segments
and markets by the late 2020s. ‘
O Already, the lifetime operational cost 0
of owning EVs is typically lower than 8 Q 2 3 S = 2
the ICE counterpart due to reduced N « D N N D N
fuel and maintenance expenses. Source: NREL Electrification Futures Study (Jadun et al.,, 2017) “U:
Source: USAID, NREL
6 \./
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<« India has set the following 2030 EV sales goals: 30% passenger cars, 70% commercial
- vehicles, and 80% of 2 & 3 wheelers.

Commitments by Japanese Automakers
Toyota: EVs constitute 40% of annual sales by 2030
Nissan: 50% sales from EVs and hybrids by 2030

Honda: 30 EV models and production of 2 million units by 2030
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N
~ EV Charging

Purpose of Charging Stations (all types):

» Connects EV to grid

» Dedicated circuit prevents overloading
» Safe connection before power can flow
* Prevents EV battery damage

e & ﬁ””%DﬂT

House EHE Office ~ Shopping Aftraction  Gas Highway
Apartment Center Station

8 hours (or more) 30 minutes (or less)

Figure. Range of typical dwell times for chargers at various locations

Source: Bopp et al. (2020)
TINREL ) )

Transforming ENERGY




\/ \—c@\RGlNG PORTS AND COMMON STANDARDS 3959320000408

o « SAE J1772 — North America EU, Australia, and parts of M ~/
N. America Japan , south America, W0 \| Ve ‘
"’ — 5-pin AC charging port (Type 1) i 2. Faren !uhc]idl:e iwa[; E .
— 7-pin DC charging port: Combined 00 oo N OIOV
Charging Standard (CCS1) AC °g° ° 00 00 ]-- Y
* IEC 61851/62196 — Europe and j7720ypet) | 1772(Type1) | Mennekes (ype2) G ‘i
emerging markets ‘
000 000 '
— 7-pin AC charging port (Type 2) DC ° 05 @ 00 0°0
oQo
— 9-pin DC charging port (CCS2) @ @
CCs1 CHAdeMO ccs2 GB/T Tesla
Figure. Predominant charging standards in different regions Image: Enel X
» DC charging uses two additional dedicated DC pins.
 All chargers require additional pins for communication or controls.
 India has Bharat Standards (low power), CCS, CCS2, CHAdeMO, and Tesla. )
. i Source: Bopp et al. (2020)
(S/USAID {INREL :
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_ RESIDENTIAL CHARGING 33603C:320:09C:[gCs 3250¢ 0

Most established markets focused on residential
charging first.

Internationally, 50%-80% of all charging events
occurred at residences (Hardman et al. 2018).

Level 1 EVSE

Lack of residential charging availability is often
found to be a barrier to EV adoption (Funke et

al. 2019). » 3-8 km per hour of

charging

» Charging speed
often limited by
vehicle

» Alternating Current

+ 120V

Residential charging can use Level 1 or Level 2
EV supply equipment (EVSES).

Source: Aznar et al. (2021)
Image: Erik Nelsen (NREL)

{(S}USAID 1INREL

am/
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Level 2 EVSE

* 16-32 km per
hour of charging

» Charging speed
often limited by
vehicle

» Alternating
Current

s *7T.2KW, 240V

*power ratings vary

» Public and home charging

» Less expensive to install and operate than
DCFC

» AC charging power is limited by the
capabilities of the vehicle’s on-board charger

» Can process payments and data

» Can be networked

'HE AMERICAN PEOPLE

f‘“DUSAID

DC Fast Charger

+ 95-128 km per
hour of charging

» Direct Current

+ *50 kW, 480-
600 V

« Canbeupto
350 kW

*power ratings vary

2ol
W
=l

» Expensive to install and operate

» Faster charging

» Can process payments and data

» Can be networked

» Incompatible with many 2- and 3-wheelers

-/
PE'B{I\(; CHARGING 3859@50393:385:@83 craeocf: J §\<§ 39@%3933385:@5:

Source: Bopp et al. (2020), Images: Erik Neisen (ICF)

NREL

Transforming ENERGY
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\-/\/ BATTERY SWAPPING 322:(gpo005008[g¢adapud(gcs

» Easier for motorcycles/scooters because liftable size
and less expensive to carry redundant batteries

* Rickshaws use multiple batteries but can be Image: electrek.co
compatible .

* More compatible with renewables than EVSE

» Reduces the upfront cost of scooters and increases
lifespan

» Largest networks operated by Gogoro (Taiwan),
Immotor (China), KYMCO (Taiwan)

* Honda, KTM, Piaggio, and Yamaha have formed a
swappable battery consortium for standards

Source: Aznar et al. (2021)
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\/ CASE STUDY : INDIA
\_/

» National target of 30% EV sales by 2030

Figure. Projected EV share of vehicle sales by mode

-’ » Set stringent fuel economy standards aligned with Euro 6 in April and scenario in India, 2030
2020 Indi
» Faster Adoption and Manufacturing of EVs (FAME II): 100%
— Purchase incentives of $1.4B USD for 1.6M EVs and hybrids 2019- X 0
< 80%
2024 -
— Phased-in localization of component manufacturing £ 60% .
— Charging infrastructure funding of $133M USD ;
— Direct subsidies to purchase electric buses (nearly 6,000 so far) and 40%

1 charger per bus
EV adoption far behind schedule:

N

o

N
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» Possibly due to no zero-emission vehicle sales requirements or ICE g E E D ﬂ =
phase-out targets (IEA 2021) 0% g E 229 o
+ EV manufacturers blame the aggressive localization criteria before large 5 3 S = B )
enough market (Chaliawala 2021) = 5 E i R = E
N
» Others blame the limited availability of inexpensive EV models. STEPS SDS
» Large municipal fleets (especially New Delhi) are leading in » _
Iectrification STEPS = Sta_ted Policies Scenario _ /
€ SDS = Sustainable Development Scenario
o Source: International Energy Agency (2022)
=)USAID IINREL "
% &’ FROM THE AMERICAN PEOPLE Transforming ENERGY ] 326

CASE STUDY : NEW ZEALAND
s sold in 2021 N \ /
75 kmon
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o CASE STUDY : NEW ZEALAND

* 10,574 EVs sold in 2021

« Emission Reduction Plan promotes EVs, walking,
cycling, and public transit

« Currently, public chargers every 75 km on
highways, but more are needed to support
increasing number of EVs

» Clean Car Discount Program: Rebates for
vehicles (new and used) emitting less than 146
grams of CO, per kilometer, and fees on vehicles
above the limit

» Low Emission Transport Fund: Supports EV
chargers, car shares, bus fleets, e-bike storage,
and more

Image: Google Maps )

e
- INREL ‘

Transforming ENERGY"

Source: Joshi et al. (2022, forthcoming)
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TV%S of EVs based on the power source 1 cgjf)oaogmozsgél)psgm:qu

battery.

The presence of regenerative braking in BEVs improves its performance significantly.

Battery charging takes a significant amount of time.

Fast battery-charging stations are required, as a substitute or in parallel to exiting
gasoline fuel stations.

BEVs technology is yet to mature and at present range anxicty is associated with it.

The BEVs are fast replacing the existing ICE-based vehicles due to the fast depletion
of gasoline and the steep rise in its prices.

HEVs comply ICE along with the electric power train.

The main power for vehicle propulsion is from ICE and the battery is employed to
improve the vehicle performance by suitable switching of power source.

Electric propulsion is used when power demand is low. :
HEVs have reduced fuel consumption and GHGSmissiov compared to a pure ICEV.

e
—/ 52\

BEVs rely solely on power from rechargeable battery packs like Li-on battery or metal-air

=/
/.



,, — Types of EVs based on the power source 2
\_/{ PHEVs electric propulsion is the main driving force.
It has bigger batteries compared to an HEV
The batteries are required to be charged at regular intervals
Batteries can be charged directly from grids.
4 FCEVs employ fuel cells to generate electric power for the propulsion vehicles.

Fuel cells mainly employ hydrogen as the fuel for the chemical reaction to produce
electricity.

High-pressure tanks are required in FCEVs to store hydrogen which is inflammable.
The hydrogen tank is a substitute for the gasoline tank of ICEV.
The by-product from a fuel cell is water and, therefore, it has no pollusion.

A FCEV has the advantages of BEV as well as ICEV; however, the technology is yet to
mature.

Moreover, the cost of hydrogen production is high and the most efficient and viable
process for it is being researched.
~ A\
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EV Technology, Electric Drive Trains

-

B

Hybrid Electric Vehicle

N
-
at |t

ICE and electric motor
Batteries are charged by
engine (no external charging)

Plug-in Hybrid Electric Vehicle

Cl

o
=
g

Fuel Cell Electric Vehicle

T
:

Battery Electric Vehicle

100% electric motor
Fuel cell converts hydrogen
and oxygen into electricity

+ Requires hydrogen J
distribution infrastructure

Images: National Moforists Association Blog (2020) ’

100% electric motor .

+ ICE and electric motor .
Batteries are rechargeable .

+ Batteries are rechargeable .

&

Electric motor

G Gear box m Combustion engine u Fuel tank EXX Car/EV battery
_

(ZJUSAID IINREL
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HYBRID ELECTRIC VEHICLE (HEV)

Hybrld Electric Vehicle
HEV

-" “\ \
S Z m/ﬁﬂir ] m

batt ery pack pow electronics




HEV — HYBRID ELECTRIC VEHICLE
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electric power S o



HEV — HYBRID ELECTRIC VEHICLE

generator i
energy

brake pads
20



HYBRID DRIVETRAINS

hybrid drivetrains

components
Series Hybrid Parallel Hybrid Series-Parallel Hybrid
ENGINE ENGINE ELECTRIC ENGINE

GENERATOR

POWER SPLIT
DEVICE

ELECTRIC

WHEELS WHEELS WHEELS




PHEV - PLUG-IN HYBRID ELECTRIC VEHICLE

PHEV




PHEV - PLUG-IN HYBRID ELECTRIC VEHICLE

charging
port

lithium-ion

battery pack



PHEV - PLUG-IN HYBRID ELECTRIC VEHICLE

s |routine




PHEV - PLUG-IN HYBRID ELECTRIC VEHICLE

| } Toyota RAV4
%@L‘ Plug-in Hybr'd Volvo XC60

Mitsubishi
Recharge

Outlander PHEV |

real-world 95



PHEV - PLUG-IN HYBRID ELECTRIC VEHICLE

public charging lines

8 Ji

26



PHEV - PLUG-IN HYBRID ELECTRIC VEHICLE

charging adaptive  mechanical electrification
routine tool

27



BEV - BATTERY ELECTRIC VEHICLE

i

%ﬁ architecture +raditional

28



BEV - BATTERY ELECTRIC VEHICLE

/” S,
2 : ~
/ o \ cabin ~
~ lithium-ion
~ battery pack»




BEV - BATTERY ELECTRIC VEHICLE

N\
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-
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GASOLINE

plug



BEV - BATTERY ELECTRIC VEHICLE

battery
. pack

electric
motors



BEV - BATTERY ELECTRIC VEHICLE

32

weight  position



BEV - BATTERY ELECTRIC VEHICLE

GASOLINE

plug




BEV - BATTERY ELECTRIC VEHICLE

]

: jv i maintenance




BEV - BATTERY ELECTRIC VEHICLE

YEAR YEAR YEAR YEAR

35



BEV — BATTERY ELECTRIC VEHICLE

road trip

36

networks

high-voltage



BEV - BATTERY ELECTRIC VEHICLE

\ l — e -\
- -

Tesla  BYD  Hyundai  Kia
Model Y  Seal  Toniq5  EVb

37



FCEV

2= Fuel Cell Electric Vehicle
gas engine FCEV

generator

i )
battery pack 38




FCEV- FUEL CELL ELECTRIC VEHICLE

gs"ﬁ\
FCEV onboard
Hydrogen
fuel 7 Oxygen
fuel cell
| stack
Water
byproduct N (B
chemical ;RIS Water
power plant yprochet

39



FCEV — FUEL CELL ELECTRIC VEHICLE

fuel cell
¢~ membrane

oxyger\

FCEV

40



FCEV — FUEL CELL ELECTRIC VEHICLE

FCEV

high-pressure
tank

41
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FCEV

FCEV — FUEL CELL ELECTRIC VEHICLE

technology
Toyota Mirai Hyundai Nexo

42



/ \-E’/POWERTRAIN SYSTEM AND HIGH-VOLTAGE WIRING HARNESS —
</
N—

DC Fast Charging Port
(CHAdeMO / CCS)

EV HIGH-VOLTAGE WIRING HARNESS

J, - :
Traction Inverter
(DC to 3-Phase AC) \\

A
54
i

Control Signal
(To Inverter / Motor)

|
Q Motor Position Sensor
A\ (Resolver / Encoder)
N 1 A

)
a\
-

om0 G L

(Traction Motor)

High Voltage Connector |  HV Junction Connector Coolant Line
L) (for Battery & Motor)
- [

f

sl AC Power (1-Phase / 3-Phase) s> Control Signal (VCU «» Inverter / Motor)

messsssl>  High-Voltage DC (400V / 800V) mmmmml)>  Sensor Signal (Position / Temperature) High Voltage
) 3-Phase AC(U/V /W) s> CAN Communication (VCU <+ BMS <> Inverter) o)

sl 12V DC (Low Voltage) s> Coolant Flow (Thermal Management)




| N\ EV BATTERY PACK AND HOW AN EV BATTERY WORKS —

/ 9
How an EV Battery Works

. EV BATTERY PACK - BATTERY T0O MOTOR |
Battery Cells = BMS = High Voltage DC = Inverter = 3 Phase AC = Traction Motor =» Wheels (Exploded vlew)

Battery Management
\ Battery Cells System (BMS) . === |
N (store electrical (monitors voltage, Top Cover p— = High-Voltage
energy) temperature, safety = = Connectors
and controls power) S
High Voltage DC
(from battery to inverter) |nverter
/ (converts DC to (BBMS =
3 phase AC) Traction Motor attery Management ™\
(converts electrical System)
3 Phase AC  energy to mechanical
(to traction motor) rotation) Cooling Plates
(with coolant channels)
Battery Modules
(Each module containsx
multiple cells)
(muttiple cells in series
and parallel)

Cooling System

(keeps battery at > - B§$ery_Cellsn

safe temperature) * Reduction Gear (Lithium-ion cells)

(single speed gearbox
reduces rpm and
increases torque) Cell Holders
& Busbars

(receive rotation
and move vehicle)

=

Bottom Housing
(Protects the pack)

44\/

HIGH VOLTAGE DC INVERTER TRACTION MOTOR ~ GEARBOX & WHEELS

BATTERY CELLS BMS
Store DC electrical Monitors voltage, DC power from Converts DC to Converts electrical Reduces speed,
energy. temperature and battery to inverter 3 phase AC. energy to mechanical increases torque

). rotation. and moves vehicle.

controls power flow. (200-800 V).



/1 \EﬁEVERTER & MOTOR CONTROL AND INTERNAL ARCHITECTURE

“~——EV INVERTER & MOTOR CONTROL - COMPLETE WIRING el
~ GED- XD~ | wete . - BT - TN - =

Main Fuse ] Pre-Charge Circuit
(HV sistem)

(Battery/Motor Cooling)

Inverter
| (oCtoAC) |

DC-Link Capacitor
h Voltage Capacitor)

High-Voltage
(_ BatteryPack

Drive Motor =
(E-Axle)

*Front E-Adle

(Motor + Inverter + Gear) | Rear E-Axle

(Motor + Inverter + Gear)
i "i“\\ Coolant Outlet
[[f =AY (To Radiator)

' ) —>

Diagnostic Connector
(CAN / Service Port)
12V Auxiliary Supply
(From 12V Battery)
L _J

‘v

5 / ¢ | ‘ \

& 7 - O . Resolver Sensor
L b 4 (Motor Position)
=1 A\ ®
. Traction Motor
(PMSM / AC Motor)

WA Temperature Sensor
(Motor Temperature)

Cooling System BaTtery Thermal Regeineiraliveir
(Battery + Motor + Inverter) Management (Cooler) Braking System




Y, \./ PLUG-IN HYBRID EV SYSTEM —
v Hybrid Vehlcle Smart Control System

Hybrid Control Unit BMS
(HCV) (Battery Management System)
=

N Petrol Engine ECU

High-Voltage
Battery Pack
: i Battery System Power Electronics System
Front Electric Motor ‘ Rear Electric Motor
Inverter
ECU Hyhrid Control Unit BMS
(Englne Control Unit) . (Heu) (Battery Management System)
ot &, p——— e

Motor Rotor

i jstribution Unit _ High Voltage
Intake Manifold Fuel Injector Power Distribution Unit predbir

‘Thermal Management

High Pressure = . - -
Fuel Pump Exhaust Manifold Inverter Housing Motor Shaft Unit Battery Housing

Inverter : Motor contller Electric Motor
(DC to 3-Phase AC) (Drive Control Unit) (Drive Motor)
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EV REGENERATIVE BRAKING SYSTEM

ENERGY RECOVERY WORKING MECHANISM

# DRIVING MODE # REGENERATIVE BRAKING MODE
(BATTERY TO WHEELS) (WHEELS TO BATTERY)

REAR INVERTER
TRACTION BATTERY PACK {AGTO0E)
(HIGH VOLTAGE)

PPOWER ELECTRONICS
CCONTROL UNIT

FRONT TRACTION MOTOR MoTol
(GENERATOR MODE) (GENERATOR MODE)

REAR LEFT WHEEL
BRAKING)

INVERTER  TRACTION MOTOR : TRACTION MOTOR
TRACTION (DCTOAC) (DRIVE MODE) WHEELS TRACTION (ACTODC)  (GENERATOR MODE) WHEELS
BATTERY PACK (DRIVING) BATTERY PACK (BRAKING)
Battery supplies DC power to inverter, which converts it to AC power Wheel rtk I through the motor.
for the traction motor and drives the wheels. Inverter converts AC to DC and stores the energy in the battery pack.

REGENERATIVE BRAKING PROCESS

o BRAKE PEDAL PRESSED e WHEELS SLOW DOWN MOTOR AS GENERATOR INVERTER CONVERSION 9 BATTERY CHARGING
Traction motor works as a Inverter converts Recovered energy is stored.
i y P AC electricity to DC in the traction battery pack
br ). f g for later use.

KEY BENEFITS
& © a
INCREASED IMPROVED LESS BRAKE WEAR LOWER EMISSIONS BETTER PERFORMANCE
DRIVING RANGE EFFICIENCY 0 Improves eneray Provides smooth
Recovers energy Reduces overall i ey efficiency and reduces and controlled braking
and increases range. energy consumption. environmental impact. ‘with energy recovery.

EV REGENERATIVE BRAKING SYSTEM

N

HOW REGENERATIVE BRAKING WORKS

Battery supplies electricity
to drive the motor and wheels

Electric Power
to Wheels

T —

Inverter

Motor-Generator
(Acts as motor)

Motor acts as a generator, converting
wheel energy back to electricity

Battery

(Stores recovered energy)

Inverter
(Controls power flow)

Motor-Generator
(Acts as generator)

Energy Back
to Battery

_“'\



) A EV BATTERY PACK AND COOLING SYSTEM —

3

Electric Coolant Pump [*

A

Warm Coolant Outlet

(Cooled Coolant NN LI - + - W% (Heated Coolant
toBattery Pack) JgIRLES : L. — goChilIer)

W .= | Temperature Sensors
(Monitors Battery
Temperature)

Battery Cell Types

Pouch
Cell

Cell
Cooling System
— |

— i
Cooling Cnel HV Connector Manual Service Disconnect
(Between/Under Cells) || (Tolnverter/Charger) || (For Safetylsolation) |

Cell Voltage Sense Wires. High Voitage Positive (HV+) 4
Vi High ve (HV-) !
HIL (tigh 2

B O Chler / Heat Exchanger |

— = (Removes Heat from Coolant)

” CutetSensorWire
HVIL (High Voitage Interlock)

1

CAN Communication (BMS)
Ground (Chassis)

6 ot S PUMP =» COLD PLATE CHILLER
Cell Modules Circulates Coolant Absorbs Heat Cools Coolant
(o EFwrele) from Battery Cells (Removes Heat)




| \-/J HYDROGEN FUEL CELL EV AND POWER FLOW SYSTEM ~

N Hydrogen Fuel Cell Car - HYBRID VEHICLE POWER FLOW SYSTEM

compl ete Power system PETROL ENGINE + ELECTRIC MOTOR + GENERATOR + BATTERY e’

) DRIVING POWER FLOW CHARGING POWER FLOW REGENERATIVE POWER FLOW

High-Pressure Hydrogen (Engine / Motor to Wheels) (Generator to Battery) (Wheels to Battery)

Hydrogen Tanks 2y " PETROLENGINE

(7%0 .,ga,) Filling Port T o GENERATOR TRACTION MOTOR POWER CONTROL UNIT HYBRID BATTERY PACK
— i (MG1) (INVERTER) (HIGH VOLTAGE)

Power Control Unit
(PCU)
12V Battery
Electric Motor
_ (Drive Motor)

DC-DC Converter
(High Voltage to 12V)

Thermal Management
P TRANSMISSION
ing Circui TRACTION MOTOR POWER SPLIT DEVICE
{Cooling Cicit) (MG2) (PLANETARY GEAR) (REDUCTION GEAR)
POWER FLOW IN DIFFERENT DRIVING MODES
1. ELECTRIC DRIVE MODE 2. ENGINE DRIVE MODE 3. HYBRID DRIVE MODE 4. REGENERATIVE BRAKING
(LOW SPEED) (HIGH SPEED) (ACCELERATION) (DECELERATION)
& T 3

P B | e
Air Inlet L %\ ? « H\H
- ‘ (Cathode)
Flow Field Plate <l il < - -»D »ﬁ -»@ ‘ »w —pa
I Battery Power

Fuel Cell Stack g
Transmission
(Reduction Gear)

Hydrogen Inlet ———
(Anode) -

Inverter Traction ~ Wheels | Engine (A Wheels Wheels | Wheels  Motor Inverter
IEAIemI)r:neA " et Device Batery  Device (M62)
’:&' oug fessemby Atlow speed, the vehicle runs on At higher speed, petrol engine |  During acceleration, engine and During braking, wheels drive
) Coolant Inlet/Outlet electric motor using battery power. | supplies mechanical power electric motor work together the motor (as generator) and
P Yee=—"  (Cooling Circuit) Engine remains off. to the wheels through the 10 provide extra power. electrical energy is stored
Cooling Plate 9 power split device. in the battery.
—————— MAJOR COMPONENTS AND FUNCTIONS ———————————
PETROL ENGINE GENERATOR (MG1) TRACTION MOTOR (MG2) PPOWER CONTROL UNIT HYBRID BATTERY PACK POWER SPLIT DEVICE
i e g . (INVERTER) (PLANETARY GEAR)
High-Pressure Hydrogen Tank Electric Drive Motor (Traction Motor) |  Power Control Unit (PCU) =

Pressure Relief
Device

Carbon Fiber

Reinforced Shell '

High-Vot
e howge DC-DC Converter

Inverter

power for high speed | 5 4T ¥ ad Converts DC to ACand Stores electrical energy | Combines and distributes

driving and battery i 2 ACtoDC, and supplies power to ‘power from engine and

charging the traction motor Motorto the wheels,
KEY BENEFITS

B & @

Hydrogen Inlet/Outlet 3 " BETTER LOWER EMISSIONS HIGHER EFFICIENCY ENERGY RECOVERY 'SMOOTH DRIVING LOWER RUNNING COST
Inner Liner (700 bar) Control Electronics High-Voltage FUEL ECONOMY Reduces harmful Uses both engine Recovers braking Provides quiet Reduces fuel cost
(Polymer) Motor Housing Position Sensor Cables Reduces fuel emissions. | and electric power energy and stores and smooth and brake wear.
S consumption. intelligently. in'battery. acceleration.

— e
\J \



| \/J PLUG-IN HYBRID ELECTRIC VEHICLE (PHEV)

A  EV-LFP BATTERY PACK & CHARGING SYSTEM
Y 4
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