REESS( Rechargeable Energy Storage System) of EV

AC Charging
- Every vehicle has an on-board charger.
= Limited power, slow charging.

Gnd solar energy
DC fast

charging

DC Charging
= Infrastructure investment is shared among
hundreds of users.
- Large power rating, fast charging.
= Capable of integration with renewable sources.

U Aung Kyaw Lin

B.E ( Aeronautical)

National Chief Assessor

National Skill standards Authority



Main Components of EV Drive
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High Voltage Pack 20 ‘C to 40’C Power electric and electronic device  65°C to 85°C



EV Car Electrical System ( low voltage and High Voltage )
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Altemator

Vehicle body ( chassis ground )
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HV > 60V DC& > 30V AC

High voltage battery Inverter

Vehicle body ( chassis ground)
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EV Car Side
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REESS includes

battery cells and module

thermal management

sdfety contactors

Battery Management System( ECU) and sensors
Cell balancing



Series Connection

24 Volt
100Ah

Parallel Connection

12 volt 12 volt
100 Ah 100 Ah
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| Main Positive Contactor Mwerter IG Sw On/Off
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EV Car Dash Indicator
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Prevention of vehicle movement during charging

vehicle inlet

Damaged




Low-voltage terminals

Low-valtage terminals Interlock switch

High voltage interlock
signal line
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High-voltage interlocking system in new energy vehicles



HEV Hybrid electric vehicle,
PHEV Plug-in hybrid electric vehicle,
EV Electric vehicle.
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EV Battery
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Major countries by lithium production, 2021 (tonnes)

Australia 245,082
Chile
Argentina
China

Zimbabwe

Data compiled June 3, 2022,
Includes standardized production estimates based on lithium mining properties locatad in the corresponding countries.
Production data for Bolivia is not available.
Source: S&P Global Market Intelligence

Australia
China Congo
Canada

us

Germany
Mexico

Serbia

Argentina Russia

Bolivia



Cathode capacity and voltage
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LiCoO, Specific energy LMO Specific energy LFP Specific energy

(capacity) (capacity) (capacity)
L N
, S NG TR
Cost “aH Specific power Specific power Cost~ - Specific power

Life span \ / Safety -~ Safety Life span Safety
v/
Performance Performance
NMC Specific energy NCA Specific energy LTO Specific energy
(capacity) (capacity) (capacity)
Cost . Specific power Specific power
Life span

/ Safety
\/ "

Performance Performance Performance

LCO for mobile phone, laptop, camera( high cost of cobalt)

LMO for portable power tool, medical equipment( short life span)

LTO for telecommunication, uninterrupted power supply, charging station



Ther!nal management of REESS

1

Cell Failure Thermal Runaway Propagation

Thermal runaway
Cathode

Cathode Oxygen release

d .o 300°C
ecomposition
Hydrofluoric acid release
Electrolyte 5
200°C

decomposition

Solid electrolyte Internal short circuit

interphase (SEI) | LoRRaEe Separator melting 130°C
— Heat production
Electrolyte + anode

reaction

4 SEl decomposition

Common battery electrolyte components = Salt + solvent
Salt = Lithium Hexafluorophosphate (LiPF,)
Solvent = Ethylene Carbonate (EC), Dimethyl Carbonate (DMC)



Air Cooling of Battery

Heating (0~7KW) ---Battery cooling (1~5KW)

| Liquid Cooling System for Battery
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Integrated thermal management module
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condenser |' /
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Electronic control Battery direct cooling and
system of motor heating plate (inside the pack)




Battery Charging

Battery current

v

Limitations of DC fast charging

* Higher losses in charger and battery (I?R)

* Battery
- Only 70-80% SOC can be charged with fast charging
- Shorter battery lifetime based on C-rate

Voltage constant, * Cable
full charge maintained - Limited maximum current for cable that can be easily lifted

Stage 2: Float - Thermal management
(constant voltage)

Voltage increasing,
current constant

Stage 1: Bulk
(constant current)

JxEnag

WATER TANK 1 WATER TANK 2

_r‘\{ u HIGHER POTENTIAL LOWER POTENTIAL
|
fl




c/10  C/5

C/4

c/3 £/

1C 2C 3C 4C

10 5
hours hours

4
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3 2
hours hours

SLOW CHARGE

AC and DC charging curves

AC charging station

POWER OUTPUT

BATTERY % 80%
(STATE OF CHARGE)

100%

DC charging station

POWER OUTPUT

1 30 20 15
hour minutes minutes  minutes

FAST CHARGE

BATTERY % 80%
(STATE OF CHARGE)

100%



Battery management System

Voltage,
Current, BMS
Temperature
Data Acquisition
Embedded Processor
Controls Cell Balancing

State Estimation

Threshold Detection

' Limited |
. computing i
. capability |

P —— e ———

i Unreliable |
i battery |
| algorithms |



* End of Charge Voltage

* When the rechargeable
battery is fully charged, the
battery voltage will not rise if
the battery continue to be
charged. The voltage at this
time is called the end of
charge voltage .

* |f you continue to charge after
reaching the cut-off voltage, it
is overcharging, which
generally damages the
performance and life of the
battery.

End of Discharge Voltage

The end of discharge voltage refers
to the minimum voltage allowed
when the battery is discharged.

If the battery continues to
discharge the voltage is lower than
the end of discharge voltage, the
voltage both ends of the battery
will drop rapidly, forming a deep
discharge causing the negative
electrode carbon to release
lithium ions excessively, causing it
sheet structure to collapse.

Battery Type Rated Voltage Single Charge Cut  Single Discharge
Off Voltage Cut Off voltage

Ternary 3.7V 4.1-4.2V 2.7-2.8V

Lithium lron 3.2V 3.6-3.65V 2.4-2.5V

Phosphate

Lithium Titanate 2.3V 2.7-2.8V 1.6-1.7V



Lithium Iron Phosphate Cell ( Voltage difference < 50mVolt)

SOC 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Voltage 2.893 3.211 3.247 3.278 3.293 | 3.295 3.298 3.334 3.335 3.336 3.441

Ternary Cell / Nickel Cobalt Lithium Manganese Oxide (Voltage Difference< 200mVolt)
SOC 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Voltage 3,391 3.487 3.588 3.603 3.632 3.674 3.768 3.867 3.974 4.092 4.229



100% SoH

Degraded
66% SoH 100% SoC
Can be
charged
50% SoC
SoH SoC
(State of Health) (State of Charge)

3 main SoH indicators of a Battery are:

CAPACITY INTERNAL RESISTANCE SELF-DISCHARGE

- e BB o

The ability to The capability to Reflecting mechanical

store energy. deliver current. integrity andvs.tress
related conditions.

FOR SUBTAINASLE EARTH

height

fill

\ depth
length < >

width

A J

Indication of State of Charge of
Battery is Voltage

Indication of SOH ( state of health) is
temperature rise during charge and
discharge



Current Measurement
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Current Measurement High Current Tracei
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Current measurement by Hall Effect ( AC/DC)
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Magnetic Flux Density, B

V, = R, %x

Vy is the Hall Voltage in volts
Ry is the Hall Effect co-efficient

| is the current flow through the sensor in
amps
tis the thickness of the sensor in mm

B is the Magnetic Flux density in Teslas



Temperature Sensor
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Temp Reading by Thermocouple Method
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Temperature Tyx® Temperature Ty*°

Voltage
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Voltage Measurement of Battery Modules
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Balancing
....................... .’
1 2 2 ;| 2
Cell Cell Cell
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Passive Cell Balancing

Before After
Cel 01
Cett 04
Cat 01 Cett 02 Cet 03 Ces Q4
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Active Cell Balancing

Before After

Cou 04

w1

BAT1

wi

CELL1

CAP

CELL2
Aw2

wa
Charge Shuttles - flying capacitor illustration T

Charge Shuttles - flying capacitor illustration



In case of fire , use large amount of water ( about 100,000 lits)

Used on gaseous fire, Used for flammable liquid and live
wood, paper, textile fire electrical equipment
flammable liquid Not Used for wood, paper and
live electrical equipment textile fire and flammable metal
fire
ABC Powder Type

Recommended Fire Extinquisher for EV/HEV
guisher for EV/ CO2 Type
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