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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 I tell if a vendor is competent

• Manufacturing costs

• Recycling



Questions to answer:

• What’s the benefit of a hybrid or 
an EV?

• How are xEVs configured?
• Hybrid

• Parallel
• Series
• Series/Parallel

• Full hybrid vs. mild hybrid
• Plug-in Hybrid
• EV

• What makes them different?
• Engine
• Electric motor
• Inverter Technology
• Cooling system
• Battery

• High voltage
• Low voltage
• Charging

• Braking System
• Regenerative Braking
• AC/Heating System



Questions to answer:

• What are some service 
considerations?

• Hybrids engines are similar to
conventional vehicles

• Oil changes

• Spark plugs

• Air filter

• Cooling system

• Brake systems

• Tire rotation/Balancing

• Cooling system maintenance 

• What are some usage 
considerations?

• Towing requirements

• Charging requirements

• Practicality

• Management

• Recycling







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

• 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



Hybrid vehicle?

• Perfect for customers who:
• Have long work commutes

• Sole vehicle

• Stop and go traffic



Series
• Chevrolet Volt, Honda Clarity, 

Accord, Insight…



Parallel

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



Series/Parallel
• Toyota, Ford, and Nissan hybrids



Plug-in Hybrid

• Same as previous designs, but with bigger 
battery



Plug-in Hybrid (PHEV)

• Perfect for customers who:
• Have ~ 30-mile commute or less

• Sole vehicle

• Live where electricity is relatively inexpensive

• Can charge at work for free



Volt test drive



Full Electric
• 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



Battery Layout Examples

• Hybrid vehicle
• Smaller battery

• Needs to store energy 
recovered from braking

• Plug-in hybrid vehicle
• Medium battery

• Store energy from braking

• Store enough to drive EV only 
for 20 – 50 miles or so

• EV
• Large battery

• Range vs cost vs weight



Battery Layout Examples

• Tesla Model S – 7104 cells

• Lucid Air – 6600 cells



High-Voltage Componentry

M/G
Power 

Inverter

DC-DC

Converter
A/C 

Compressor
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What makes them different?

• Electric drive
• High Voltage Battery
• Invertor
• 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



Engine
• Atkinson engine will have less intake vacuum



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
• 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



• 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

Transaxles – Toyota/Nissan/Ford/Hyundai



• MG 2 (larger)
• Drives the wheels

• Generates electricity during braking (regen)

Transaxles – Toyota/Nissan/Ford/Hyundai



Toyota/Nissan/Ford/Hyundai
• High voltage

• Secure connections

• Good insulation

• Orange cables indicate high voltage



Toyota/Nissan/Ford/Hyundai
• Simple design

• No hydraulic clutches

• No one-way clutches

• No valve body



Toyota/Nissan/Ford/Hyundai
• Oil pump to lubricate gears and cool 

electric motors

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



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
• 80-110kW motor



High-Voltage Componentry
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Great Resources

• Ev-database.org

• Chargedevs.com

• Electrek.co

• Batteryuniversity.com

• Greencarreports.com

• Insideevs.com

• evspecifications.com



High voltage battery

• Common locations
• Under the rear seat

• Behind the rear 
seat/in the trunk

• Floor pan of vehicle



What makes them different? – Batteries

• High voltage battery
• NiMH – Nickel Metal Hydride common with 

hybrid vehicles

• Li-ion – Lithium Ion common on hybrid, plug 
in hybrid and electric vehicles

• Made up of modules made up of battery cells



What makes them different? – Batteries
• Series connections to make a 

high voltage battery

• Parallel connections to make 
high capacity



Battery Types

Cylindrical

Pouch

Prismatic





Li Ion Power Curve (LFP example)

• Difficult to gauge level of charge



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



High voltage battery – Lithium Ion 



High voltage battery

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



High voltage battery

• The instrument panel gauge is not a 
true charge indicator



High voltage battery

• Plenty of data regarding the high voltage 
battery



High voltage battery



High voltage battery



High voltage battery

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

• Cell Balance

• Module voltage

• Internal resistance of module

• Battery temperature

• Short circuits 

• Open circuits 

• Ground issues

• Cooling issues

• Contactor (relay) issues



High voltage battery



High voltage battery temperature 

• Li Ion doesn’t perform as well in 
cold temperature

• Battery heater
• PTC – electric resistance heater

• Heats battery pack as needed



High voltage battery temperature 

• Li Ion doesn’t perform as well in 
cold temperature

• Battery heater
• PTC – electric resistance heater

• Heats battery pack as needed



High voltage battery temperature 
• Li Ion needs to be cooled in high temperatures



Battery-Pack Section Complete!

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




• Lithium Cobalt Oxide (LCO)

• Lithium Nickel Cobalt 

Aluminum Oxide  (NCA)

• Lithium Nickel Manganese 

Cobalt Oxide (NMC)

• Lithium Manganese Oxide 

(LMO)

• Lithium Titanate Oxide (LTO)

• Lithium Iron Phosphate (LFP)

Lithium Battery Chemistries:



Lithium Titanate 
(Li2TiO3) — LTO

Lithium 
Manganese Oxide 
(LMO)

Lithium Nickel 
Manganese Cobalt 
Oxide 
(LiNiMnCoO2) —
NMC

Lithium Iron 
Phosphate(LiFePO

4) — LFP

Lithium Nickel 
Cobalt Aluminum 
Oxide 
(LiNiCoAlO2) —
NCA

Lithium Cobalt 
Oxide(LiCoO2) —
LCO

Voltages Nominal 
(Volt)

2.40V 3.70V 3.70V 3.30V 3.70V 3.70V

Typical operating 
range (V/cell)

1.8V–2.85V 3.0V – 4.2V 3.0V–4.2V 2.5V–3.65V 3.0 V–4.2V 3.0 V–4.2V

Specific energy 
(Wh/kg)

50–80Wh/kg 100-150 Wh/kg 150–220Wh/kg 90–120Wh/kg 200-260Wh/kg 150–200Wh/kg.

Charge (C-rate)
1C typical; 5C 
maximum, charges 
to 2.85V

0.7 – 1.0C (3C max)
0.7–1C, charges to 
4.20V

1C typical, charges 
to 3.65V

0.7C, charges to 
4.20V, fast 
charging possible 
with some cells

0.7–1C, charges to 
4.20V

Discharge (C-rate)
10C possible, 30C 
5s pulse

10C (short burst at 
30C)

1C, 2C possible on 
some cells

1C, 25C on some 
cells

1C 1C

Cycle life 3,000–7,000 300-700 1000–2000
5000-7000; up to 
12000 possible in 
some cells

500 500–1000

Thermal runaway 200°C + 2°C (482°F) 210°C (410°F) 270°C (518°F) 150°C (302°F) 150°C (302°F)

Cost (per kWh) ~$1,005 - ~$420 per ~$580 ~$350 -

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

Less relevant now, 
power tools, 
medical devices, 
storage systems, 
electric vehicles 
(Roadster)

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

E-bikes, E-Rikshaw, 
Battery Energy 
storage systems, 
offices and homes, 
Electric Vehicles 
(Tesla Model 3)

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

Most common, 
Smart watches, 
mobile phones, 
tablets, laptops, 
cameras



Battery Layout Examples

• Typical Hybrid:
• Behind the seat – Toyota Camry

• Plug-in Hybrid: 
• Between the seats – Volt

• All electric
• Floor Pan – Nissan Leaf



Camry Hybrid Battery

• 34 modules
• 6 cells per module (7.2 volts)

• 204 cells

• 1.2v per cell

• 244.8v



Camry Hybrid Battery
• 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
• 288 cells (3.7v)

• 3 groups 96 cells long

• Wired in parallel

• 355V

• Late Version
• 192 cells (3.7v)

• 2 groups 96 cells long

• Wired in parallel

• 355V



Volt Battery

• Cooling
• Liquid cooled and heated

• Service Disconnect
• Under the tray in the center console 



• 48 battery modules wired in series

• Each module has 7.3 volts

Leaf Battery



Leaf Battery

• 48 Minor 
Modules 
Connected in 
Series (192 Cells)

• Minor Module = 
4 cells, 2 wired in 
parallel and then 
connected in 
series with the 
other 2

• Nominal Voltage: 
360 V



Leaf Battery

• Battery disconnect is located under 
a plate between the rear seats

• Electrically heated and air cooled



Ford F150 Lightning Battery Costs



2022 Ford Mach-e



2022 Mach-e



2022 Chevrolet Bolt



2022 VW ID.4



2020 Nissan Leaf 62kw



High-Voltage Componentry
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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



Inverter Technology
• Uses engine coolant

• Heat exchanger (radiator)

• Separate water pump



Inverter Technology
• Toyota Example:

• Top half of the assembly is the Invertor

• 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



Volt test drive Blue = vehicle speed
Green = battery current
Red = axle torque
Purple = throttle position
Yellow = regen predicted
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EV/PHEV 
Charging

Electric Vehicle Fast Charging: Holistic Overview (onsemi.com)

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



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 Charging 
Standard (NACS) is the Tesla 
adapter, which is now open for 
all to use

NACS



Plug Configurations

• Some plug sizes are 
out of control!



Plug Configurations

• NACS vs. CCS1



SAE J1772
• 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





Charging Capabilities – info varies 



Charging configurations

• Level one and two chargers

• 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
• DC back to AC for voltage control
• AC Transformer to isolate the 

charger from the vehicle’s HV 
• Rectify and filter to DC for the HV 

battery



Charging Configurations
• Level 3 chargers
• Commercial DC delivered to 

vehicle
• Class three – High voltage DC 

ready for the battery

• Off board control
• AC to DC rectification
• DC back to AC for voltage 

control
• High frequency AC transformer 

for efficiency
• Rectify and filter for the 

vehicle’s HV battery



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



Charging configurations



Miles per hour of charging



Miles per hour of charging



Miles per hour of charging





Ford charging system – MachE example



2021 Leaf

• Level 2 Charger 
• 3.3 or 6.6 kWh

• DC fast charger - Chademo



Chevrolet Bolt



https://afdc.energy.gov/fuels/electricity_locations.html#/





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

https://www.plugshare.com/




Volt charging system
• Battery Charger 

• Located behind passenger’s headlamp 
assembly

• Water cooled with the power inverter



Charging cord failures/DTCs



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

• Light ring
• Charging, faults, status

• 25%, 50%, 75%, and full charge 



High-Voltage Componentry
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Cooling Systems

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

• Separate pumps for multiple cooling 
systems



Braking System

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



Braking System

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



Regenerative Braking - Volt



Regenerative Braking Blue = vehicle speed
Green = battery current
Red = axle torque
Purple = throttle position
Yellow = regen predicted



Chevy VOLT

• Maintenance mode:
• Start/Stop engine considerations

• Electronic brake system safety

• High voltage awareness

Servicing xEVs



Maintenance Mode: Example - Toyota
• 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
• 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



Maintenance Mode: Ford Fusion
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) 
position. 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 
yellow EPB indicator will be illuminated and 
Maintenance Mode will display on the message 
center. 

• 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

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

• Disconnect the 12V battery



Car wash mode: Bolt
• A specific procedure must be followed for taking the 

BEV through an automated car wash. To prevent the 
car from shifting into park, the following steps should 
be 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.



High Voltage Battery Disconnect

• 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

• www.nfpa.org

• www.motorcraftservice.com



First Responder Guides



Towing

• OK

• Not OK



Ram eTorque



Ram eTorque Mild Hybrid System

• Belt Alternator System (BAS) style hybrid

• Replaces Alternator



eTorque

• Allows for better fuel economy
• 4 Cylinder Mode

• Stop Start Operation



eTorque

• 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
• Contains its own cooling system

• 3.6l uses a liquid cooled system

• 5.7l is an air-cooled system

• Controlled by the PCM



Motor Generator Unit
• Replaces the alternator and starter

• Large dedicated belt



Motor Generator Unit
• Contains its own cooling system

• 3.6l uses a liquid cooled system

• 5.7l is an air-cooled system

• Uses 48V power

• Controlled by the PCM



Power Pack Unit
• Contains the 48V Nickel Manganese 

Cobalt-Graphite battery

• Sits behind the rear seats



Power Pack Unit
• Cooled by the cabin air

• 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



Jeep 4xe



Jeep 4xe



Jeep 4xe

• ZF 8-speed transmission

• Parallel electric motor



Chrysler Pacifica Plug-in



Chrysler Pacifica Plug-in

Passive cooling

• Used during EVSE Charging

• Cycles engine coolant through battery

Active cooling - HV battery is too warm

• Low temp active pump cycles coolant past 
chiller

• Cabin coolant is bypassing battery

Active heating - HV battery pack is too cold

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

• Active and auxiliary pump is operating



Environmental Concerns
• Lithium-Ion Battery 

Recycling 

• Cirba Solutions

• https://www.call2recycl
e.org/

• Battery Recycling -
GlobalTech
Environmental -
Responsible Battery 
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



Battery recycling capacity
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