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Comments and questions on Survey

General:

Overview and basic understanding of hybrid and EV

Differences between hybrids
EV layout
Which one is more beneficial

Maintenance and Repair:

Considerations on maintenance and repair
How to avoid battery issues

Proper maintenance

Battery service

Effects of weather on batteries

High voltage safety

Specific Operation and Functions:

Regen braking

Electric motor operation

Different battery types

Different charger types and adapters

Management:

Cost effective strategies for EV fleet operation
How can | tell if a vendor is competent
Manufacturing costs

Recycling



Questions to answer:

 What's the benefit of a hybrid or ¢ What makes them different?

an EV? * Engine
* How are xEVs configured? * Electric motor
« Hybrid * Inverter Technology
e Parallel * Cooling system
* Series * Battery
 Series/Parallel * High voltage
 Full hybrid vs. mild hybrid * Low voltage
* Plug-in Hybrid * Charging
. EV * Braking System

Regenerative Braking
AC/Heating System



Questions to answer:

* What are some service  What are some usage
considerations? considerations?
* Hybrids engines are similar to * Towing requirements
conventional vehicles « Charging requirements

* Oil changes
e Spark plugs

* Airfilter * Management
e Cooling system

* Brake systems
* Tire rotation/Balancing
* Cooling system maintenance

* Practicality

* Recycling



Which of the following best describes your "vehicle"

situation?

| only have Gas or Diesel equipped vehicles
and | don't own a hybrid or electric vehicle

| have both Gas/Diesel vehicle(s) and |
also have a hybrid/electric vehicle(s)

| only have hybrid/electric vehicle(s)

| don't have any vehicle. | prefer to walk or
hitchhike!

Still horse and buggy for me!

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




What do you think about the near future regarding vehicle

ownership?

| will only own Gas/Diesel equipped vehicles and |
never plan on purchasing a hybrid or electric vehicle

| plan to have both Gas/Diesel vehicle(s) and | also
plan to have hybrid/electric vehicle(s)

| plan to only have hybrid/electric vehicle(s)
| plan to walk or hitchhike!

Still lovin' my horse and buggy!

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




How are xEVs configured?

Series

Parallel

Series/Parallel

Plug-in Hybrid

Full Electric




What’s the benefit of a
Hybrid vehicle?

* Recover energy lost through friction
(heat)

* Generate electricity during braking and
deceleration

e Use that electricity during acceleration




What’s the benefit of a
Hybrid vehicle?

 Combination engine and electric drive
 Efficient engines provide mid range RPM torque

* Electric motors provide excellent low RPM
torque

* Good combination




vbrid vehicle?

* Perfect for customers who:
e Have long work commutes
* Sole vehicle
e Stop and go traffic




Series

* Chevrolet Volt, Honda Clarity,
Accord, Insight...

HV BATTERY .

GENERATOR
DRIVE

WHEELS

REDUCTION GEAR

EI DRIVE POWER E| ELECTRIC POWER




Parallel

EX: Early Honda Civic/Insight,
Jeep/Ram eTorque, Subaru Crosstek

INVERTER

MOTOR/
GENERATOR

TRANSMISSION
DRIVE

WHEELS

REDUCTION GEAR

El DRIVE POWER |EI ELECTRIC POWER




Series/Parallel
* Toyota, Ford, and Nissan hybrids

INVERTER

POWER SPLIT

DEVICE DRIVE

WHEELS

REDUCTION GEAR

El DRIVE POWER El ELECTRIC POWER




Plug-in Hybrid

* Same as previous designs, but with bigger
battery




Plug-in Hybrid (PHEV)

* Perfect for customers who:
e Have ~ 30-mile commute or less
* Sole vehicle
 Live where electricity is relatively inexpensive
e Can charge at work for free




Volt test drive

Charging  Energyinfo. . 63°F 2:26 PM



Full Electric
e No ICE!




Full Electric

* Perfect for customers who:
* Have multiple vehicles in household
* Have access to home charging

* Live where electricity is relatively
inexpensive

* Can charge at work for free
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Battery Layout Examples

* Hybrid vehicle
* Smaller battery

* Needs to store energy
recovered from braking

“n

= I * Plug-in hybrid vehicle
l * Medium battery
e Store energy from braking

e Store enough to drive EV only
for 20 — 50 miles or so

e EV
e Large battery
* Range vs cost vs weight




Battery Layout Examples
LS

== *Tesla Model S —7104 cells




High-Voltage Componentry

On-Board
Charging

: Power

DC-DC
Converter

A/C
Compressor
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How comfortable are you knowing that you are sitting on

thousands of batteries and hundreds of volts?

| feel safe with it
Hmmm, not too sure

No, not safe at all

The more you talk about it, the
less | feel good about it!

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




What makes them different?

Electric drive
* High Voltage Battery
* |nvertor
* Electric Motors

Regenerative Braking

* Charging the high voltage battery by
using the transaxle motors as
generators

Electronic Braking

* Disable hydraulic wheel brakes to
allow maximum regenerative braking

* Modulate hydraulic brakes “on” as the
generator loses effectiveness
Electronic Air Conditioning

* Not belt driven — high voltage electric
pump



What makes them different? - Engine

* Belt driving vs. full electric accessories
* On some, no belt driven alternator
* On some, no belt driven water pump
* On some, no belt driven air conditioner

* Electric power steering




Engine

* Atkinson style engine leaves the intake
open further into the compression stroke

* Low low-rpm torque, but high efficiency

Common 4 Stroke Cycle "Otto"

Throttle

Exhaust

Intake Stroke Compression

{More energy . Stroke
needed to pull T

piston down)




Engine

e Atkinson engine will have less intake vacuum

Throttle
Valve

Exhaust L VE ) AT Exhaust

Intake Stroke : Compression

{(Less energy - Stroke
needed to pull e W

piston down)




Engine

* Some engines require high octane gas — Refer
to owner's manual

11-15 MY Volt owner's manual:

“Use premium unleaded gasoline meeting ASTM specification
D4814 with a posted octane rating of 91 or higher. If the octane
is less than 91, damage to the engine may occur and may void
the vehicle warranty.”

16-19 MY Volt owner's manual:

“Use regular unleaded gasoline meeting ASTM specification
D4814 with a posted octane rating of 87 or higher. Do not use
gasoline with an octane rating below 87, as it may cause engine
damage and will lower fuel economy.”




Basic Motor Operation

* Main components

e Stator

* Windings to create
a “rotating magnetic
field”

* Rotor

* Most common -
Permanent magnet
to chase that
rotating magnetic
field




Transaxles — Toyota/Nissan/Ford/Hyundai

* Two Electric Motors (in one transaxle housing)
* Permanent magnets in rotors
* 3-phase stator windings




Transaxles — Toyota/Nissan/Ford/Hyundai

* MG 1 (smaller) &

* Works as a generator
* Works as an engine starter

* Provides resistance to a planetary gear
to allow the engine to vary RPM

G
3 __?’l




Transaxles — Toyota/Nissan/Ford/Hyundai

* MG 2 (larger)
* Drives the wheels
* Generates electricity during braking (regen)




Toyota/Nissan/Ford/Hyundai

* High voltage
e Secure connections
* Good insulation
* Orange cables indicate high voltage

OVERHEATED
WINDINGS




Toyota/Nissan/Ford/Hyundai

e Simple design
* No hydraulic clutches
* No one-way clutches
* No valve body

W




Toyota/Nissan/Ford/Hyundai

* Oil pump to lubricate gears and cool
electric motors

* Planetary gearset to join the two
electric motors and the engine

[l




Volt/Honda 2-motor design

* MG1 (small) works as a generator and
starter

* MG2 (big) drives the wheels

* Three clutches
* One connects engine to MG1
* One connects MG1 to MG2 through a gearset
* One provides a “low” range for low speeds




Nissan Leaf Motor
e 80-110kW motor

PDM (Power Delivery Module)
Integrates charger, DC/DC converter
and junction box

Inverter

Reduction dnive




High-Voltage Componentry

On-Board
Charging

: Power

DC-DC
Converter

A/C
Compressor
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lectrek v Exclusives  Autos v Alt. Transport v Autonomy v  Energy v  Tesla Shop

TODAY

Hyundai confirms plans for a new electric car G re a t R e S O u rC e S

factory in the US

217pmPT ¥ HYUNDAI  HYUNDAI

* Ev-database.org
* Chargedevs.com
* Electrek.co

Research a Vehicle BY VIN Number

L ~ |  Batteryuniversity.com

the US, butit's

* Greencarreports.com
* Insideevs.com
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2022 Ford F-150
Lightning First Drive:

B s | ®* Vs pecifications.com

Learn About Batteries

NEWSWIRE  FEATURES  ADVERTISE

Dally Newswire

Basics You Should Know The Battery and You Batteries as Power Source

THEVEHICLES THE TECH THE INFRASTRUCTURE

Introduction From Bisth to Retirement

Roush Industries to Designing DC fast ABB to supply AC and
assemble electric charging stations for charging stations to Sy
platforms for Bollinger next-gen EVs

Motors 3




High voltage battery

e Common locations

e Under the rear seat

* Behind the rear
seat/in the trunk

* Floor pan of vehicle




* High voltage battery

* NiMH — Nickel Metal Hydride common with
hybrid vehicles

* Li-ion — Lithium lon common on hybrid, plug
in hybrid and electric vehicles

 Made up of modules made up of battery cells




e Series connections to make a
high voltage battery

e Parallel connections to make
high capacity




Negative
terminal (=)

Positive
terminal (+)

S

~———— Separator

Anode (-)

Anode current Anode

collector

Negative
electrode

Separator
Cathode

Cathode current Positive

collector

electrode

Cell can

Separator

Liy, Mn,07 AT =

Separator
Carbon

e

“Cu=

Battery Types

Liquid electrolyte

Prismatic



When your cell phone dies, do you think the battery went
dead or is there still some power left in it?

| think it's dead

| think there's still some usable
power left

| think it's just a trick that phone
companies play to make you upgrade!

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




Li lon Power Curve (LFP example)

* Difficult to gauge level of charge

>
-
(o)
o
©
=
O
>




High voltage battery

 Batteries vary state of charge (SOC)
within an optimal voltage range

* It’s a balance between driving range
and battery life and safety
EXAMPLE OF CHARGE IN SOC

UPPER SOC
OVERCHARGE REGION CONTROL LIMIT

CONTROL

REGION

LOWER SOC
CONTROL LIMIT

TARGET SOC
REGION



High voltage battery — Lithium lon

Damage Area

Safe Area

Y e Overcharging: cathode
4 structure is destabilized,
electrplyte reacts sharply
with cathode and anode,
Low voltage: copper ol and lithium dendrites
s and inner starts 1o form

Voltage (V)

Below —50°C, weak power performance is observed,
and lithium plating nsk increases




High voltage battery

* These batteries won’t completely
discharge and they won’t ever achieve
100% charge under normal circumstances

_Mz?fiﬁ?":_.zm 3 Lexus GS 450h 3.5L W6 MFI Hybrid (2GR-FXE) 102:35PM TR B

i 5“’; i n v e?‘ it @i 88‘ 2 N !_- o3
e w!.l.: VAT SRAVAR |.T/ 4 g m &
Battery Data - SOC after [G-0OMN{%4) 170 7 2000

State of Charge (Al Bat)(%a)

FOWER RESOURCE YB(Y)

Cooling Fan 0(%6) 33.5
Cooling Fan Relay ‘ ‘




High voltage battery

* The instrument panel gauge is not a
true charge indicator

. )ata Display

Diagnostic Data Dusplay || Graphical Data Display | Line Graph | DTC Display

Vaoltage Dtz

Parameter Name Value

Hybrid/EV Battery Voltage Sensors Average

Hybrid/EV Battery Pack State Of Charge

Hybrid/EV Battery Pack Minimum State of Charge Limit

Hybrid/EV Battery Pack State of Charge Gauge

Hybrid/EV Battery Pack Resistance 142.00

Hybrid/EV Battery Pack Current -6.90

14V Power Module Power Available From Hybrid/EV Battery Pack

Hybrid/EV Battery Pack Capacity




High voltage battery

* Plenty of data regarding the high voltage
battery

Parameter Value m Parameter Value m

MIL Status

Mileage after Malfunc
Battery State of Charge
Delta SOC

Batt Pack Current Val
Inhaling Air Temp

VMF Fan Motor Voltage
Augxiliary Battery Vol
Charge Control Val
Discharge Control Val
Cooling Fan Mode

ECU Control Mode
Charge Control Signal
Equal Charg Out Rly Sig
EQTR Charge Perm Sig
Standby Blower Request
Temp of Batt TB1

Temp of Batt TB2
Temp of Batt TB3
Battery Block Num

Batt Block Minimum Vol
Minimum Batt Block No
Batt Block Max Vol

Max Battery Block No
Battery Block Vol -VO01
Battery Block Vol -V02

<

ON
0
585
0.0
7.2
66.7
0.0
14.0
-20.0
205
0
0
ON

mile
Yo

Yo
A
F
V4
\

KW
KW

Battery Block Vol -V03
Battery Block Vol -V04
Battery Block Vol -V05
Battery Block Vol -V06
Battery Block Vol -V07
Battery Block Vol -V08
Battery Block Vol -V09
Battery Block Vol -\V10
Battery Block Vol -WV11
Battery Block Vol V12
Battery Block Vol -V13
Battery Block Vol -V14
Internal Resistance RO1
Internal Resistance R02
Internal Resistance R03
Internal Resistance R04
Internal Resistance R0O5
Internal Resistance RO6
Internal Resistance RO7
Internal Resistance R08
Internal Resistance R0O9
Internal Resistance R10
Internal Resistance R11
Internal Resistance R12
Internal Resistance R13
Internal Resistance R14

<< << g s << CC<




High voltage battery

MName
MUMBER CF BATT BLOCK
BATTERY BLOCK MINIMUK(S)
MINIMUM BATT BLOCK Mo
BATTERY BLOCK MAX[V)
MAX BATT BLOCK #
BATTERY S0C(%)
AUXILIARY BATT VOLTAGE)
BATTERY TEMPERATURE ]
BATTERY TEMPERATUREZ (°F)

BATTERY TEMPERATURES (°F)

BATTERY BLOCK(W)}-WiH
BATTERY BLOCK(V)-\02
BATTERY BLOCK(V)}-\03

BATTERY BLOCK(V )-S5 14.94

BATTERY BLOCK(V)}-WVOT
BATTERY BLOCK(V)}-W0E
BATTERY BLOCK(V)}-\09
BATTERY BLOCK(V)}-W10
BATTERY BLOCK(Y)}-W11

BATTERY BLOCKW)}-W13 1497
HATIERY BLUOCKLY - 14 16. 11
INTERNAL RESISTANCE(OHMS)-R01
INTERNAL RESISTANCE(OHNS)-R02
INTERNAL RESISTANCE(OHMS

INTERNAL RESISTANCE(OHNS)-R04
INTERNAL RESISTANCE(OHNS)}-R0S
INTERNAL RESISTANCE(OHNS)-R0G6
INTERNAL RESISTANCE(OHMS)}-ROT
INTERNAL RESISTANCE(OHNS)-R0E

INTERNAL RESISTANCE(OHMS)}-R09
INTERNAL RESISTAMCE(OHMS)}-R10
INTERNAL RESISTAMCE(OHMS)}-R11

INTERNAL RESISTANCE(OHMS}-R12
INTERNAL RESISTANCE(OHMS)}-R13
INTERNAL RESISTANCE(OHMS)-R14



- Techline Connect

Techline Connect- Standalone mode TR T ‘ ‘ J MO! SN#: 22001069 ‘ ‘ = ‘

Version: 1.13.0-SNAPSHOT 106517 Production Click to disconnect

DASHBOARD

GDS2

i Data Display
|\ Select Data List

3
Battery Charger Control Module Data

Charge History Data

Contactor Data

Fuel System Data

HVAC System Data

Hybrid Battery Pack Contactor Open Reasons
Hybrid/EV Battery Pack Active Cooling
Hybrid/EV Powertrain Control Module 2 Data
Temperature Data

Voltage Data

e Back ‘ @‘ Home & vehicle Menu #3 Enter

GDS 2 v.22.2.05003 @ GM Global v2022.3.0 @ VIN: 1G1RFEE48EU140052 @ 2014,Chevrolet,Volt Module Diagnostics,Hybrid Powertrain Control Module 2,Data Display MDI: 22001059 } 150V E a\ QQ‘




High voltage battery

* The Hybrid/EV module can detect
problems with the battery

., ‘ * Cell Balance

/,  Module voltage

* Internal resistance of module

e Battery temperature

e Short circuits

* Open circuits

* Ground issues

* Cooling issues

e Contactor (relay) issues




High voltage battery




High voltage battery temperature

* Li lon doesn’t perform as well in
cold temperature

* Battery heater
* PTC — electric resistance heater

* Heats battery pack as needed




High voltage battery temperature

* Li lon doesn’t perform as well in
cold temperature
e Battery heater

e PTC — electric resistance heater
* Heats battery pack as needed

Battery Battery

Warming Warming
Full Charge Activated Activated
|
I

Time (hours)




High voltage battery temperature

* Li lon needs to be cooled in high temperatures




Perilous Area

Damage Area

Safe Area

Overcharging: cathode
Struc is destabilized,



https://electrek.co/2018/03/23/tesla-fire-battery-pack-model-x-crash/#jp-carousel-64167
https://electrek.co/2018/03/23/tesla-fire-battery-pack-model-x-crash/#jp-carousel-64167
https://electrek.co/2018/03/23/tesla-fire-battery-pack-model-x-crash/#jp-carousel-64167




Lithium Battery Chemistries:

e Lithium Cobalt Oxide (LCO) r—

* I—Ithlum NICkeI CObaIt Thermal Stability Specific energy
Aluminum Oxide (NCA)

 Lithium Nickel Manganese
Cobalt Oxide (NMC)

 Lithium Manganese Oxide
(LMO)

Performance

 Lithium Titanate Oxide (LTO)

Lifespan

- Lithium |r0n Phosphate (LFP) - LCO - LMO -~ NMC =@~ LFP -~ NCA LTO




Voltages Nominal
(Volt)

Typical operating

Discharge (C-rate)

Cycle life

Thermal runaway

Lithium Titanate
(Li,TiO;) — LTO

2.40V

1.8V-2.85V

50-80Wh/kg

1C typical; 5C
maximum, charges
to 2.85V

10C possible, 30C
5s pulse

3,000-7,000

200°C +

~$1,005

Electric vehicles
(Honda Fit, Mitsu
i-MiEV), UPS

Lithium
Manganese OxidE
(LMO)

3.70V

3.0V-4.2V

100-150 Wh/kg

0.7 - 1.0C (3C mz

10C (short burst §t
30C)

300-700

2°C (482°F)

Less relevant no
power tools,
medical devices,
storage systems,
electric vehicles
(Roadster)

Lithium Nickel
Manganese Cobalt
Oxide
(LiNiMnCo02) —
NMC

3.70V
3.0V-4.2V

150-220Wh/kg

0.7-1C, charges to
4.20V

1C, 2C possible on
some cells

1000-2000

210°C (410°F)

~$420 per

E-bikes, E-Rikshaw,
industrial
equipment,
electric vehicles
(Leaf and Volt)

.5V-3.65V

0-120Wh/kg

Lithium Nickel
Cobalt Aluminum
Oxide
(LiNiCoAlO2) —
NCA

3.70V

3.0vV-4.2V

200-260Wh/kg

0.7C, charges to

s 4.20V, fast

charging possible
with some cells

1C

500

150°C (302°F)
~$350

Medical devices,
industrial
equipment,
electric vehicles
(Tesla model X and
3)

.0V-4.2V

50-200Wh/kg.

.7-1C, charges to
20V

00-1000

50°C (302°F)

ost common,
mart watches,
obile phones,
ablets, laptops,




Battery Layout Examples

* Typical Hybrid:

* Behind the seat — Toyota Camry
* Plug-in Hybrid:

* Between the seats — Volt

e All electric
* Floor Pan — Nissan Leaf



Camry Hybrid Battery

* 34 modules

| * 6 cells per module (7.2 volts)
Jl;;‘c;lonarm:k ° 204 CeIIS
e 1.2v per cell

e 244 8v




Camry Hybrid Battery

e Cooling

 Air cooled - air is pulled in from the rear seat area
and drawn past the batteries to remove heat

 Disconnect

* The “service plug” is used to disable the high
voltage battery, so the vehicle is safe to work on

* There is a fuse in the service plug




Volt Battery

* Early version

e 288 cells (3.7v)

e 3 groups 96 cells long
* Wired in parallel
e 355V

e Late Version

e 192 cells (3.7v)
e 2 groups 96 cells long
* Wired in parallel
e 355V




Volt Battery

* Cooling
* Liquid cooled and heated

e Service Disconnect




Leaf Battery

* 48 battery modules wired in series
* Each module has 7.3 volts




Leaf Battery
UL S )

i i * 48 Minor
' A, /[ Modules
L =8 Connected in

JIANTAE | ol | TSN ; .| Series (192 Cells)
%xf 1/ G40 A\ "« Minor Module =

\\;

== — | 4cells, 2 wired in

connected in
series with the
other 2

* Nominal Voltage:
360V



Leaf Battery
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* Battery disconnect is located under
a plate between the rear seats

* Electrically heated and air cooled



Ford F150 Lightning Battery Costs

ED MORSE FORD

Select Dealer v

Attach lllustration ¥4 Print

(-]

10A687A—

10A687B —#

10D6728

10D672A

|
+—10A687A

*—10A687B

2022 Ford F-150 selected Attributes

© Selected Parts
© Show Other Parts In lllustration

Array Assembly - Traction
ttery Available:

From: 03/14/2022 : Less Engine, Traction

Battery #1 * Aray Kit

Callout: 10D672B — Add To

Selected

$4,316.07

Cover List Price: 50.00

From: 03/14 Less Engine, Traction Available:
Battery #1 * Aray Kit

Callout: 10A687A — Add To
Selected

Cover List Price:  $0.00

From: 03/14 : Less Engine, Traction Available:

Battery #1 * Array Kit
Callout: 10A687B — Add To
Selected

List Price: $4,196.47

0

ED MORSE FORD

Select Dealer v

Attach lllustration

=2

A10661

“p— WA10AB15

AT N260A

10C666E
HNG o= mpN1

10C66! gt
Nz
2

- H

b
14A163A

ounr-‘\ g

@10D732A _

2022 Ford F-150 selected Attributes

A = 10C699
® = 5F161

© Selected Parts

Battery List Price: $34,393.48
From: 03/14/2022 : Less Engine, Traction Available:
Battery #1 * Traction Battery

Callout: 10B759

$38,286.82
T cat

Battery List Price: $46,907.06

From: 03/14/2022 : Less Engine, Traction Available: 0

Battery #2 * Traction Battery .

Callout: 10B759 ©,
$48,243.91
O o

© Show Other Parts In lllustration




2022 Ford Mach-e

| © Show Other Parts In lllustration

Array Assembly - Traction List Price: 54.341.18
Battery Available: Available
From: 05/05/2021 ; Traction Battery #2 *

Array Kit

Callout: 10D672C — Add To
Selected

Array Assembly - Traction
Battery

From: 05/05/2021 ; Traction Battery #2 *
Array Kit

Callout: 10D672B - Add To
Selected

10D6728
|

$5,967.06
1

Array Assembly - Traction List Price: $4,960.99
Battery Available: Available
From: 05/05/2021 ; Traction Battery #2 *

Array Kit

Callout: 10D672A — Add To

Selected

4140305C

11-2020 45
oW

K 0385100 01
©Copyright, 2020, Ford Motor Company Limited




2022 Mach-e

List Pri $33.409.41

LHD RWD, Traction Available: - Available List Price: 541.060.00
Sattery #2° i i
JATT|FORD_ORDER_FORM_FOR_HVT_BATTERIES_final_31_01_20222 \ f - [ c Available: Available

HB1— ae—mHB1 Y—@18N260 B 20_january_2022.pd, FITINS,
en, 30, |ATT], Traction Battery

-~
4B303— < g Callout: 10B759
HS1

10A687

:

®—mHN1

HB1
4 RNy —= 108687 $33,409.41
‘ e

h»— 10C674

List Price: $6,638.82
1 ; LHD 4WD (Part Time Available: Available

14E033
q—uHB1

M

}uto7sse List Price: 537,

Available: Available

oiind Battery List Price: $33.667.06

From: 08/20/2021 ; LHD 4WD (FTD). Available:  Available Callout: 10B75
Traction Battery #2 *

|ATTIFORD_ORDER_FORM_FOR_HVT_BATTERIES_final_31_01

FITINS, en, 30, |ATT]|,

|ATTIGSB_20_january_202: FITINS,

&n, 30, JATT|, Traction Battery

41403054 Callout: 10B759

© Copyright, 2020 - 2022. Ford Motor Company Limited K0394778.06

$33,667.06
1




2022 Chevrolet Bolt

ED MORSE AUTOMOTIVE GRP-WEIR
Call Dealer 2022 Chevrolet Bolt EV

Upload File

Add Part CSVortextformat (ki 2" | Upload File |

Part Number Part Description Brand Promotion Pricing Req Gty  Awvailability  Delivery option Met Price

24052286 BATTERY.HIGH VOLTAGE General Lizt Price: : Standard hdl $1 3,947.14  Delete
Motors




2022 VW |D.4

Suntrup Nissan, Volkswagen
( Select Dealer Y] 2022 Volkswagen ID.4

Attach lllustration ™= Print © Selected Parts

Drive Motor Battery Pack
o Available:

© Show Other Parts In lllustration




2020 Nissan Leaf 62kw

LRISSAR ] IMIURLAIN

MORLAN NISSAN
{ Select Dealer VJ

CTRIC VEHICLE BATTERY | Back

Attach lllustration 1= Print
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High-Voltage Componentry

On-Board
Charging

: Power

DC-DC
Converter

A/C
Compressor
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Inverter Technology

* The inverter will take DC battery voltage and convert it
to AC voltage to operate the electric motors

* It will also convert AC voltage created during
regeneration to DC voltage to store in the battery

* The inverter has its own cooling system
* The transistors will get hot from controlling the current







Inverter Technology

e Uses engine coolant
* Heat exchanger (radiator)

* Separate water pump




Inverter Technology

* Toyota Example:
e Top half of the assembly is the Invertor
e Bottom half is the convertor

* Convertor will take power from the high voltage
battery and convert it to low voltage for the
vehicle’s low voltage needs




Inverter Technology

* Earlier hybrids had much bigger transaxles with
large electric motors. The large motors had low
max RPM, but had high torque output

* Newer hybrids use smaller (lower torque) motors,
but they spin them fast and they handle higher
voltages

Inverter MG Boost DC-DC
(DC<~AC) | ECU | Converter | Converter
v

Gen 2 Prius 500V

N AN

Gen 3 Prius, Prius V 650V
Prius C 520V

Prius PHV 650V
Highlander Hybrid 650V

Avalon Hybrid 650V

Camry Hybrid
(‘'07-11)

Camry Hybrid
(‘12 & up)

650V

650V




(U = 9 - Blue = vehicle speed
Green = battery current
GDS2 Red = axle torque

Stored Data Review Purple = throttle position
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EV/PHEV

Charging



https://www.onsemi.com/company/news-media/blog/industrial-cloud-power/electric-vehicle-fast-charging

Vehicle Connections

 Plugs not only transfer
power, but also provide
communications between
the vehicle and the charger

« Communications (via CP)
Include...
« Maximum power output
« Charging time
 Fault conditions

ChargePoint® Home Flex



Plug Configurations

Standards are established
globally to determine common...

« Power & communication
Interfaces

« Mechanical & electrical
specifications for plug/socket
assemblies

North America uses the SAE
J1772 standard for AC charging

CHAdeMo is a common global
standard used for high-power
DC charging

North American Char ing?_
Standard (NACS) is the Tesla
adapter, which is now open for
all to use

@6 M,

Type-1 Connector (1-ph AC)

Type-2 Connector (3-ph AC)

BN

Combo Charging System (AC/DC)

sl




Plug Configurations

« Some plug sizes are
out of control!

CHAdeMO TESLA




Plug Configurations

* NACS vs. CCS1




SAE J1772

e A-L1 terminal
E - L2/Neutral terminal
C - Chassis ground terminal

D - Control pilot terminal - communicates charging
needs/requirements

B - Proximity terminal
« Communicates if the charge port is plugged in or not

* CS (control status): used in USA
* Monitors release switch on handle

* PP (proximity pilot): not used in USA
* Detects connection status to vehicle




Do you live in a dwelling that would work well with at-

home charging?

No, | live in an apartment and park
in a lot or on the street

Yes, | live where | can have a charging
station in my garage or carport

No, there's no power supply
available at my "tiny home."

No, dog-gone trailer park won't allow
it!

No, because | would be homeless if |
spent my money on an electric car!

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




Charging Capabilities — info varies

AC LEVEL

o
VOLTAGE:
120V 1-Phase AC

AMPS:
12-16 Amps

CHARGING LOADS:
1.4 t0 1.9 kW

CHARGE TIME FOR VEHICLE:
3-5 Miles of Range Per Hour

AC LEVEL

f| _ TWO
< ®

VOLTAGE:
208V or 240V 1-Phase AC

AMPS:
<80 Amps (Typ. 30 Amps)

CHARGING LOADS:
2.5 10 19.2 kW (Typ. 7 kW)

CHARGE TIME FOR VEHICLE:
10-20 Miles of Range Per Hour

DC FAST
CHARGE
a

o L

VOLTAGE:
208V or 480V 3-Phase AC

AMPS:
<200 Amps (Typ. 60 Amps)

CHARGING LOADS:
<150 kW (Typ. 50 kW)

CHARGE TIME FOR VEHICLE:
80% Charge in 20-30 Minutes

KNOW YOUR EV CHARGING STATIONS

AC Level One

|

VOLTAGE
120V 1-Phase AC

AMPS

12-16 Amps
CHARGING LOAD
14-19 kW

CHARGING TIME
3-5 Miles per Hour

AC Level Two

4_‘

VOLTAGE
208V or 240V 1-Phase AC

AMPS

12-80 Amps (Typ. 32 Amps)
CHARGING LOAD

2.5-19.2 kW (Typ. 6.6 kW)

CHARGING TIME
12-60 Miles per Hour

DC Fast
Charge

VOLTAGE
208V or 480V 3-Phase AC

AMPS
>100 Amps

CHARGING LOAD
50-350 kw

CHARGING TIME
60-80 Miles in 20 Minutes

Charging level Power setting

AC Level 1

AC Level 2
minimum

typical

3.4 kw
6.7 kW
19.2 kW

DC Level 1 40 kW

DC Level 2 100 kW

Tesla (proprietary) 120 kW

Electrical supply

120V ac/ 20A

240V ac/ 20A
240V ac / 40A
240V ac / 100A

up to 500v dc / 80A

up to 500v dc / 200A

480v ac / 250A

Driving range

(miles per hour of Application

charge)

5 -6 mi/hr

10 - 12 mi/hr

25 - 28 mi/hr

60 - 70 mi/hr
120 - 140 mi/hr
up to 300 mi/hr

150 mi / 30 min

Residential

Residential

Commercial

Commercial

Supercharger

1 phase AC

120 V/16 A

1/3 ph. AC

240 V/80 A

3 phase AC

480 V/63 A

CHAdeMO

DC

500 V/125 A

Type 3

AC and DC

1 kV/400 A

36 - 200+




Charging configurations

* Household or commercial AC
delivered to vehicle
* Level one — 120V (up to 16 amps)

* Level two — 240V (up to 80 amps,
32 or 50 typical)

* On board control
* AC to DC rectification
e DC back to AC for voltage control

e AC Transformer to isolate the
charger from the vehicle’s HV

* Rectify and filter to DC for the HV
battery

* Level one and two chargers —
y

Transformer

120/240 VAC
Rectifier and = Rectify and
!IE

Off Board Control On Board Control
«—>




Charging Configurations

* Level 3 chargers

e Commercial DC delivered to
vehicle

e Class three — High voltage DC
ready for the battery

e Off board control
e AC to DC rectification

* DC back to AC for voltage
control

* High frequency AC transformer
for efficiency

e Rectify and filter for the
vehlcle s HV battery

Transformer

120/240 VAC
Rectifier and Rectlfy and
o IE

Off Board Control On Board Control




Charging configurations

* Wireless/Inductive

 Vehicle is magnetically coupled (via
transformer) to the off-board
powering system (charger) without
conductive contacts

» Charging station performs the
rectification/filtering
and inversion, and the vehicle
performs the final-stage
rectification/filtering before the
power is supplied to the vehicle’s
battery directly

Transformer

120/240 VAC
Rectifier and HF Inverter Rectlfy and
Filter Filter

Off Board Control On Board Control




Charging configurations

Rectifier/Power
’_ Regulator Three-phase source

[ AC/DC )
( conversion

. Conversion '

' Compensation — DC/AC D Sl
R G | . conversion |

\

High Frequency

Transformer
120/240 VAC

Rectifier and Rectify and
Filter

Off Board Control On Board Control




Miles per hour of charging

| ACCEPTANCE ACS-15 i LCS-30  |AmazingE FAST|  HCS-50
RATE LEVEL 1 { 125140 1 B B ) | LEWEL 2 [ 248, SEW) W | LEVEL 2 (4
VEHICLE (kWY {earting at Larting at tawtineg a8 FEUS 1
Audi A3 E-Tron
Cadillac ELR
Chevy Volt

Ford C Max Energi

Ford Ezcape 2020

Ford Fusion Energi

Hyundai Ionig Plug-in

Hyundai 5anta Fe Plug-in Hybrid

Hyundai Sonata

Kia Mira PHEV

Kia Optima

Kia Sorento PHEV

Mercedes C350 Hybrid

Mercedes GLE 550e 3.3 5.5 13* 13 13 13 13 13 13
Mercedes 5550 Hybrid

MINI Cooper SE Countryman ALL4

Mitsubishi Outlander

Mizzan LEAF 2013-16 5 (2.3 onboard charger)
Miszan LEAF 2017 (3.3kW onboard charger 5 Model)
Missan LEAF 2018 (3.3kW onboard charger 5 Model)
Smart Car

Subaru Crosstrek

Toyota Prius

Toyota Prius Prime

Toyota RAV4 Prime SE, XSE

Volvo V&0

Volvo XC90 T8




Miles per hour of charging

ACS-15

| LEVELT (12

VEHICLE
BMW 330e
BEMW 530
EMW T40e
BMW T45¢
BMW i8
BMW X3 xDrive30e
BEMW X5 xDrivedOe
BMW X5 XDrivedSe
Cadillac CT6
Chevy Volt 2016-2018
Chevy Volt LT 2019
Lincoln Aviator Grand Touring AWD
Parsche Cayenne 5 E-Hybrid
Porsche Panamera S E-Hybrid
Porsche Panamera 4 E-Hybrid
Parsche 918 Spyder
Volvo 530 T8
Volve XC60 T8
VW e-Golf (3.6kW onboard charger)
Chrysler Pacifica
Fiat 500E
Ford Focus EV
Ford Focus EV 2017
Honda Clarity EV
Honda Clarity Plug-In
Hyundai Ioniq
Karma Revero
Kia Soul

ACCEPTANCE |

RATE
(kW)

3.6

6.6

stacting at $379

5.5

5.5

AmazingE

| LEVEL 2 (1

starting a1 $329

14*

15

|

LCS-25

LEVEL 2 ( 204, 4 52W

startiog 21 $469

14

18.5

LCS-30

LEVEL 2 [ 244 55w

g 31 5499

14

22.5

AmazingE FAST
LEVEL 2 ( 324, 7.7%W
tacting at $469

14

25.5*

HCS-50

LEVEL 2 { 404 S5

slarting a1 $635

14

25.5

HCS-60

LEVEL 2 [ 434 11 50w

datng 215899

14

25.5

} HCS-80

| LEVEL 2

BAA 1540

1wting 21 $969

14

25.5




Miles per hour of charging

ACCEPTANCE ACS-15 AmazingE LCS-25 LCS-30 AmazingE FAST : HCS-50 HCS-60 ’ HCS-80

RATE LEVEL 1( 12A746W) | LEVEL 21( 64 354 ) | LEVEL 2 (20A 4800 ) | LEVEL 2 (244 SEGW) | LEVER 2 {324 7.7KW) | LEVEL 2 (404 954W) | LEVEL 2 (48A, 11.50W ) | LEVEL 2 [ 644,154k
VEHICLE (kW) starting ot $379 Kartng 21 $329 sarting 3t $469 starting ot $499 starting 21 $469 | starteg 21 $635 sartog ot $899 \ starting at $969
Nissan LEAF S 2016 (6.6kW onboard charger, S Upgrade)
Nissan LEAF S 2016 (6.6kw onboard charger SL & SV Model)
Nissan LEAF 2017 (6.6kW onboard, S Upgrade, SL & SV Model)
Nissan LEAF 2018 (6.6kW onboard, S Upgrade, SL & SV Model) 6.6 5.5 15 18.5 225 25.5* 25.5 25.5 25.5
Nissan LEAF Plus (S, SL, SV Models)
Nissan LEAF 2022 (All Models)
Toyota RAV4 Prime XSE Premium

BMW ActiveE

Jaguar I-Pace 7 5.5 15 18.5 22.5 27.5 27.5 27.5 27.5
Range Rover P400e

Chevy Bolt

Chevy Volt LT 2019 Upgrade, Premier 2019
Hyundai Ioniq 2020

Hyundai Kona

Jeep Wrangler 4xe

Kia Niro EV 7.2 5.5 15 18.5 22.5 28* 28 28 28
Kia Soul 2019-2020

Porsche Cayenne S E-Hybrid Upgrade

Porsche Panamera 4 E-Hybrid Upgrade
Porsche Panamera S E-Hybrid Upgrade

Smart Fortwo ED

VW e-Golf (7.2kW onboard charger)

VW e-Golf 2017-2019 (7.2kW onboard charger)

BMW i3 2017 (60 Ah battery)

BMW i3 2017-2018 (90 Ah battery)

Mercedes GLC 350e 2020 7.4 5.5
MINI Cooper SE

Pole<tar 2

15 18.5 22.5 29" 29 29 29



VEHICLE

ACCEPTANCE
RATE

(kW)

ACS-15
v
startng $3719

12A T AW

AmazingE
LEVEL 2
startng 21 $329

16A, 38w

LEVEL 2

LCS-25
Q04 45w

SLartng ot $469

LCS-30
LEVER 2 ( 244 S 8w
sLarting at $499

AmazingE FAST
LEVER 2 ( 32A 7.7
sLarting ot $469

HCS-50
LEVEL 2 ( 404, 96xW
startng 21 5635

HCS-80
LEVEL 2 [ 62441540
sLarting at $969

BMW i3 2017 (60 Ah battery)
BMW i3 2017-2018 (90 Ah battery)
Mercedes GLC 350e 2020

MINI Cooper SE

Polestar 2

Audi Q5 Plug In Hybrid
Tesla Model 3 Standard

Audi e-tron SUV
Mercedes B Class B250e
Porsche Taycan

Tesla Model S 60 Single
Tesla Model S 70 Single
Tesla Model S 85 Single
Tesla Model S 90 Single
Toyota RAV4

Ford Mustang Mach E

Chevy Bolt/Bolt EUV
Hyundai Ioniq 5
VWID.4

Tesla Model 3 Long Range

Tesla Model S Performance, Long Range
Tesla Model X Performance, Long Range
Tesla Model Y Performance, Long Range
Volvo XC40 Recharge

Tesla Model S 100D & P100D

Tesla Model X 60 Dual, 75 Dual, 90 Dual
Tesla Model X 100D & P100D

Tesla Roadster

Cadillac Lyriq
Lucid Air (all models: Dream Edition & Touring)
Tesla Model S (60, 70, 85 and 90 Dual models)

7.4

1 1

9.6

10.5

1

11.5

17.2

19.2

5.5

5.5

5.5

5.5

5.5

5.5

5.5

5.5

15

15

15

15

15

15

18.5

6.5
18.5

18.5

18.5

18.5

18.5

18.5

18.5

22.5

22.5

22.5

22.5

22.5

22.5

29*

11
30

30

30

30

30

30

30

29

1
30

37.5*

37.5

37.5

37.5

37.5

37.5

29

1
30

37.5

41

43

45*

45

45

29

11
30

37.5

41

43

45

60*

60*



Ford charging system —WIachE example

Type of Electric Vehicle: BEV

105
88 ’ "
300 Gm—

3.4 ‘ / ’
CC5 (SAE Combao) ' /



2021 Leaf

" Level 2 Char“gewrﬂ

e 3.3 0r 6.6 kWh

Type of Electric Vehicle:

Acceptance Rate (KW): 6.6
Battery Size (kWh): 30

Electric Range (mi): 107

Vehicle Efficiency (mi/lkwh): 3.57
Quick Charge Port? Chademo

Timer Function Built In? YES

Type of Electric Vehicle:
Acceptance Rate (kW)
Battery Size (KWh):

Electric Range [mi):

Vehicle Efficiency (mifkwh):
Quick Charge Port?

Timer Function Built In?

e DC fast charger - Chademo



Type of Electric Vehicle:
Acceptance Rate (kKW):
Battery Size (kWh):
Electric Range (mi):

=

Vehicle Efficiency (mi/kwh): 3.98

Quick Charge Port? CCS (SAE Combo)

Timer Function Built In? YES




Electric Vehicle Charging Station Locations

Find electric vehicle charging stations in the United States and Canada. For Canadian stations in French, see Natural Resources Canada
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Electric Vehicle Charging Station Locations

Find electric vehicle charging stations in the United States and Canada. Fer Canadian stations in French, see Natural Resources Canada.
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[ PlugShare

EN Login Register

PlugShare - EV Charging Station Map - Find a place to charge your car! e

= Search for a Charg
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https://www.plugshare.com/

How long are you willing to wait to charge your vehicle?

Never! Because I'll never own one!!!
10 minutes
20 minutes
30 minutes

40 minutes

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




Volt charging system

* Battery Charger

* Located behind passenger’s headlamp
assembly

* Water cooled with the power inverter




Charging cord failures/DTCs

Circuit

Control Pilot Signal

Proximity Signal
110/120 A/C Line 1
110/120 A/C Line 2
110/120 A/C Ground

1. Flug In Charging Malfunction

Open/High Signal
Short to Ground Resistance Short to Voltage Performance

POCF4, POCFS,
POCF&, POCF9,
PODOD1, 1

POCF4, POCF5, POCF4, POCF5S, POCF4, POCFS5,
POCF&, 1 POCFe&, POCF9,1 POCFG, 1




Jeep 4xe charging system
* Integrated Dual Charging Module

* High voltage and low voltage
» Water cooled through coolant loop
* ESVE Locked until door unlock is requested




Ford charging system

* Charging port light ring (CPLR)
* Current SOC
* Lightring
* Charging, faults, status
e 25%, 50%, 75%, and full charge

m— -

\xf.’




High-Voltage Componentry

On-Board
Charging

: Power

DC-DC
Converter

A/C
Compressor
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If you had an EV that had 250 miles of range, how often

would you charge at a STATION and not at your home?

Probably never

Only if | took long trips

Frequently since it would be tough
for me to charge at home

The dog-gone trailer park is forcing
me to charge at the station!

Heck, I'll charge at work until they
catch mel

Powerad hv ‘h Pall Fuarvwhere

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




Cooling Systems

* Instead of engine driven accessories, use
electric motors to serve the same function

e Separate pumps for multiple cooling
systems

Electric Water Pump

Electric Water Pump

Stator

Electric Water Pump

» No accessory belt

» Additional Active Test and Data List items
» Additional DTCs for pump




Braking System

* Brake by wire — pressing the
brake pedal doesn’t mean you
are generating hydraulic pressure
at the wheel-brakes

JHMFA362675022647 HYDRBST 06 00 0415 00

Playback File Details

ignal alue nits
LFWHEELSPEED [ 2 | e ey
ACCUMULATORPRESSUREVALUE | #8d0__| WPa | gaomiier 7aes
WASTER CYLINDER PRESSURE VALUE | 000 | WPa | |System: HYDRBST
BRAKEPEDALSTROKEVALUE | 42 | mm | [VINJHMFASG2675022647
Date: 05/10/2003 17:31:10

SERVO REGULATOR PRESSURE SENSOR VALUE 0.00 MPa Trigger Type: Manual



Braking System

* Brake controller will allow the
motors to generate electricity (to
charge the battery) to slow the
vehicle down

JHMFA362675022647 HYDRBST 06 00 04 15 00

. _

Systom: HYDRBST

VIN: JHMFAJGZ6 7122647
Date: 05/10/2003 17:31:10

SERVO REGULATOR PRESSURE SENSOR VALUE : a Trigger Type: Manual




... Regenerative Braking - Volt
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= : C11C[ C DIl : Blue = vehicle speed
Green = battery current
oo Red = axle torque
Stored Data Review Purple = throttle position
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Servicing XEVs

* Maintenance mode:
* Start/Stop engine considerations
* Electronic brake system safety

* High voltage awareness



/<l Maintenance Mode: Example - Toyota

- 4"‘“‘ * Place vehicle in maintenance/service mode
* Prevents engine startup while ignition is “on”
* Find and isolate vehicle keys and place them far enough
away from the vehicle to avoid inadvertent starting
* Raise the hood will prevent an engine start up on some
vehicles

e Attempt to start the engine when the keys are removed
to see if there is a spare key hidden in the vehicle

* Brake system precautions

* Every time the door is opened, the brake system
energizes the hyd pump

Accelerator

Pedal = ¢

58
<A
%

s B
| o "
| %) -
GFE it E\‘@ o

7 7
N Ny L,

IG-ON

(but not Depress Depress Depress
READY ON) 2 times 2 times 2 times




Start with the ignition off
1. Apply the parking brake

2. Keep gear shift in park position

3. Turn the ignition to the ON position
with engine OFF

4, Within 5 seconds of ignition on, fully

apply the accelerator pedal and hold
for ten seconds

5. Within 5 seconds release the
accelerator pedal and shift the
transmission to drive (remember the
engine should be off)

6. Hold the accelerator pedal fully
applied for 10 seconds
7. Release the accelerator pedal and

shift transmission to park
8. Start engine




Brake Maintenance Mode: Ford

» Set the ignition to ON.

* Press and hold the accelerator pedal and place
the EPB switch to the RELEASE (downward)
poaition. Continue to hold the accelerator pedal
and EPB .

» Set the ignition to OFF then set the ignition to
ON within 5 seconds . Continue to hold the
accelerator pedal and the EPB switch.

* NOTE: The EPB system will be deactivated,
preventing parking brake application until
service has been completed and service
(maintenance) mode has been deactivated. The
vellow EPB indicator will be illuminated and
Maintenance Mode will display on the message
center.

e Set the ignition to OFF then release the
accelerator pedal and EPB switch.



Brake Maintenance Mode:
Toyota

 Turn the vehicle off and wait two
minutes

e Disconnect the fluid reservoir
switch connector with the
parking brake applied

e Disconnect the 12V battery



Car wash mode: Bolt

« A specific procedure must be followed for taking the
BEV throu%h an automated car wash. To prevent the
cI::)ar frl(<)m shifting into park, the following steps should

e taken.

1. Start the vehicle or switch the vehicle into service
mode.

2. Open the driver's side door while applying the brake.
3. Shift the transmission into NEUTRAL.

4. If the transmission indicator does not display
neutral, start the process over from step one.

Caution:

This procedure allows the driver to exit the vehicle
when the transmission is in neutral. However this
condition will only last until the driver’s door is opened.
When the driver’s door is opened with the transmission
in neutral, the parking brake will engage and the
transmission will immediately shift to park.



f% High Voltage Battery Disconnect
VAL
=« Service plug

* Pull service plug and wait 10 minutes before

working on high voltage system (drain
capacitors)

* Review service info to learn about how to
check for high voltage presence after
disconnecting the service plug and 12v battery




High Voltage Battery Disconnect




Loss of Isolation

* Demonstrate loss of isolation




Motor resistance failures

* Demonstrate resistance
diagnostics



First Responder Guides

Chevrolet Bolt EV First Responder

5 Door Hatch Back Rescue Sheet
2017-2021 L ¥

e www.nfpa.org

e WWW.Mmotorcraftservice.com



First Responder Guides

@ NFPA.org Catalog NFPALINK® Xchange™ NFCSS™ NFPA Journal® Sparky®  Fire Prevention Week™  Firewise USA®  Confereng

NATIONAL FIRE PROTECTION ASSOCIATION

The leading information and knowledge resource on fire, electrical and related hazards

CODES & STANDARDS  SOLUTIONS  NEWS & RESEARCH  TRAINING & CERTIFICATION  PUBLIC EDUC

Training & Certification Training & Ceri

Treining by topic Emergency Response Guides

NFPA actively maintains a collection of Emergency Response G
manufacturers. The guides are free to download. To access thes
pages below:

Active shooter/Hostile event

Alternative Fuel Vehicles Safety
Training

reen Pc

Hino

Honda

Hyundai an
Infiniti ova Bus
Peterbilt

About the Program

Fire service training on
alternative fuel vehicles

EMS training on alternative fuel
vehicles

Fire investigation training on
alternative fuel vehicles

Crash reconstruction training
on alternative fuel vehicles.

Tow operator training on
alternative fuel vehicles

Emergency Response Guides




Towing

* OK

* Not OK
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Ram eTorgue Mild Hybrid System

 Belt Alternator System (BAS) style hybrid
* Replaces Alternator







elorque

* Power Assist
* Allows for an extra 130lbs/ft on the 5.7 Hemi

* Allows for an extra 90lbs/ft on the 3.6
Pentastar




Motor Generator Unit

e Contains its own cooling system
* 3.6l uses a liquid cooled system
e 5.71is an air-cooled system

. Controlled by the PCM




Motor Generator Unit

* Replaces the alternator and starter

* Large dedicated belt

VA




Motor Generator Unit

* Contains its own cooling system
* 3.6l uses a liquid cooled system
e 5.71is an air-cooled system

* Uses 48V power

=~



Power Pack Unit

* Contains the 48V Nickel Manganese
Cobalt-Graphite battery

e Sits behind the rear seats




Power Pack Unit

* Cooled by the cabin air
e Contains the Battery Pack Control Unit (BPCU)

* Includes a DC-DC converter that takes the 48V and
turns it to 12V to charge the rest of the vehicle
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Jeep 4xe




Jeep 4xe

e /F 8-speed transmission

e Parallel electric motor




Chrysler Pacifica Plug-in

3D Location View - MODULE-POWER INVERTER C2 (PHEV)




Chrysler Pacifica Plug-in

Passive cooling
e Used during EVSE Charging
* Cycles engine coolant through battery

Active cooling - HV battery is too warm

* Low temp active pump cycles coolant past
chiller

e Cabin coolant is bypassing battery

Active heating - HV battery pack is too cold

* Engine heat or electric heat cycles coolant
through battery pack.

e Active and auxiliary pump is operating



e Lithium-lon Battery

Recycling
* Cirba Solutions
8\ ° https://www.call2recycl _ .
N eors/ L —
""\| - Battery Recycling - o m

GlobalTech =S

DN

Environmental -

Responsible Battery \\‘
. RECYCLING

Recycling

All paths lead to recycling.



https://www.lithiontechnologies.com/
https://www.lithiontechnologies.com/
https://www.cirbasolutions.com/
https://www.call2recycle.org/
https://www.call2recycle.org/
https://www.globaltechenvironmental.com/
https://www.globaltechenvironmental.com/
https://www.globaltechenvironmental.com/
https://www.globaltechenvironmental.com/

Battery recycling

North American EVB Management Sites

Moment Energy x Cirba/Retriev

American Manganese Li-Cycle N .}.J/
RePurposg Energy ATC—,)\.J @: Ascend Elements

\,) & Redwood M\ Inmetco
Interco—@, rba/Ret
ITAP/ ’) ] = Cirba/Retriev

Big Battery ? @ Spiers S p——

KBI xEV Solutions ? ~Ascend Elements
Li-Cycle

Li-Cycle
Source: Call2Recycle®

@) Remanufacturing @) Lithium Recycling @) Lithium & NiMH

Recyclin
) Repurposing @, NiMH Recycling R




Battery recycling capacity

UK battery capacity available for recycling and reuse
235, 508 t

250,000

200,000
203,608

150,000 8 fold

increase

100,000

M
@
-
-
S
%)
o
©
&
[0]
O

50,000
28,164 t 7 900
— = 2000

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Production scrappage Warranty returns B XEV retirements
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