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High level overview of HV components

 AlLEVs and PHEVs

* Hybrids — minus the EVSE, Charge
Port, and On-Board Charging

On-Board
Charging

Battery-

_a ______ " Power — -
M/G 7 e ! Inverter Pack
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DC-DC
Converter

AIC
Compressor
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High Level — Low voltage battery

* 12-16v battery is
essential to
operation

* |Initial system power
* Lead acid or Liion

* If DC/DC converter
IS iInoperative, LV
battery will deplete
quick




High Level - DC - DC Converter

* Takes the place of the traditional
alternator

e Converts HVY DC to LV DC




* Medium hybrid — 144V &
* Full hybrid - 200V +
* PHEV - 360V +

» BEV — 360V +

e Contactors

 Make the connection
between the internal
battery HV and the HV
components




High Level — Inverter

e Converts HV DC to HV AC
e Batteries store DC
* Motors operate with AC

* High-speed transistor
switching creates HV AC
from HV DC
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High Level — Motor
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High Level — Motor

g T

* Various Positions
* Front of engine =\
* Between engine and converter g
» Between converter and trans  ® -
* Intrans oy
Trans output i
Stand alone rear axle




High Level — Motor

* Rotor — rotating component
* Permanent Magnet Motor

* Induction Motor
* Wound Synchronous Motor

i

* Power split motor from

Toyota Prius
* MG1

e MG2
* Planetary gearset




High Level — Motor

e Stator - stationary
component
* Configuration

* Distributed windings
* Concentrated windings

* Winding type
e Stranded
e Bar




High Level — Charging - Level One

* 120-volt charging

* 5 miles per hour of
charge

* Average EV uses
around 320wh per mile

* 12amp x 120v =
1440watt/hour

* 1440/320 = 4.5 miles
per hour of charge




High Level — Charging — Level 2

* 240-volt charging
* 30 miles per hour of charge

* Average EV uses around 320wh per
mile

* 40amp x 240v = 9600watt/hour

* 9600/320 = 30 miles per hour of
charge




High Level - Charging - DCFC




High Level — Charging

North America Charging Standard (NACS) is the US Standard
(350kW capable)

Combined Charging Standard (CCS) J1772 plus DC charge port

SAE J1772 - Previous Level 2 standard (except Tesla)
CHADeMO-Japanese




Do you have an XEV in your family?

Yes, | have a hybrid(s)

Yes, | have a Plug-in Hybrid(s)

Yes, | have a BEV(s)

| have a combination of XxEVs

No, no yet

No, never gonna happen

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




Battery size and range

TESLA OWNERS DURING THIS
WINTER STORM....
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HV Gloves

e Class O

e Measure hands around
knuckles

e | eather outers one size
above rubber gloves

e Air check and visual
Inspection before use

* Recertify every 6 months




HV Meters

e Catlll 1000V
Meter and Leads




HV Safety

 Arc Flash Suits

* US has no requirements

* Some dealers are requiring
suits when working in open
battery packs

* Manufacturing plants
require suits and safety
person

 Shepards hook or safety
rope




Safety Equipment

* Battery Lift Table
* Cones/Barriers
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Live — Dead — Live: Fluke PRV 240

* Check to ensure the meter is actively reading and not stuck on
“hold” or frozen




LV battery

Live — Dead - Live
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Honda CRV Hybrid

* HV disconnect splits
HV battery

* Battery contactors
determine if HV is
available OUTSIDE
of battery pack

Charging
DC/DC conversion

DC/AC conversion
HVAC

Battery Module

Nalice Disconnect

M

Battery Module

M

-
LY
L ois

Positive Contactor

n

—O/E,O—

Pre-Charge Contactor
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Negative Contactor

Current Sensor




Jeep 4xe

* HV disconnect splits HV
battery

* Battery contactors
determine if HV is
available OUTSIDE of
battery pack

* Charging

* DC/DC conversion
e DC/AC conversion
e HVAC

HV Battery
48 Cells

HV Battery
48 Cells

Positive
Contactor

Pre-charge
Contactor

2.5 Volts
Reference

Negative
Contactor

HV Positive
to Inverter

Isolation
VA Sense

Isolation
VB Sense

HV Negative
from Inverter




2024 Blazer
EV

* Battery contactors
determine if HV is
available OUTSIDE
of battery pack

* Charging

e DC/DC conversion
* DC/AC conversion
« HVAC

Low Voltage Battery

I E— W
-

|

HV Battery Contactors

HV Battery Pack

Heater




Low Voltage Battery

2024 Silverado EV . 1V

Contactors

* Configure
battery
packto
400v or
800v

* Allows for
high KW
DC fast
charging

e

HV Battery Contactors

HV Battery Pack i

Right Stator

Rear Drive Motors




Tesla MY

e Interlock connections

* Interruptions will inform
the controller to OPEN
contactors

HV-Front Drive Unit

/

Analog In

Analog Out

\

J

HV-Rear Drive Unit

/

-

Analog In

Analog Out

\

J

HV-ANCIL - Interlock Loop
e ™

Analog In

Analog Out

J

Analog Out

Analog In




Chrysler Pacifica PHEV

e Interlock connections

* Interruptions will inform the
controller to OPEN contactors

HV Interlock Internal HVIL

safety loop 1 PWM RETURN

PWM OUT

HV Interlock

safety loop 3 Internal HVIL

PWM RETURN P OLUT I
i |

Intergrated Dual
Charge Module

HVIL battery HVIL Motor
over cce

Power Inverter Module (PIM)




HV and LV Disconnects

e HV Disconnect Connector
LV Disconnect Connector

Restraints Controller

Frunk Cut Loop

LV Battery




Active Isolation TeSting — Measuring resistance Between HV and Chassis

Hybrid/EV Battery Pack Active Isolation Test W Add Bookmark
Diagnostic Data Display = Graphical Data Display = Line Graph | DTC Display
I e ala - ||V ]
Parameter Name Value Unit Control Module
High Voltage System Isolation Test Status m- Hybrid Powertrain Control Module 2
Hybrid/EV Battery Pack Active Isolation Test Status passed Hybrid Powertrain Control Module 2
Isolation Test Resistance 3000.00 | kOhm Hybrid Powertrain Control Module 2
Battery Charging System Isolation Test Status passed Hybrid Powertrain Control Module 2 "
Parameter Name Value Unit Control Module
Distance with MIL On -“ Hybrid Powertrain Control Module 2
Warm-Ups Since DTC Cleared Counts | Hybrid Powertrain Control Module 2
Distance Since DTC Cleared 1| mi Hybrid Powertrain Control Module 2
_AmbientAir Temperature 61 | °F Hybrid Powertrain Control Module 2 o
Hybnid/EV Battery Pack Active Isolation Test

Commanded State Enabled

sz Release Control

Disabled ‘ | ;“"] Enabled ‘




Megaohm Testing

* Check for HV leaks using HV

 Checks for shorts that a traditional
DMM might miss

 Places 250, 500, 750, or 1000V on
circuit
* Check between circuit and ground

* Verify with 100k ohm resistor or
greater




Megaohm Testing

CHARGE

e Loss of 7 1
isolation DTC
* Test system

with =
megao hm Controller
meter
 |f failed, start BATTERY
iIsolating INVERTER
components

Loss of Isolation Testing — Isolating Components




Megaohm Testing

* Verify the stator
windings aren’t
shorted to the
case




Batteries




How is your shop equipped with XEV safety and shop equipment?

Basics, like gloves and meters

Moderate, like gloves, CAT lll, Milliohm meter, Megaohm Meter

Extensive, like gloves, Meters, Battery Lift, Insulated tools

Nothing at all

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




HV battery

e Lithium lon is the @) ~ (L)

oredominate K@: LV »
(L|+ = '+) = :

pattery technology

¢ L F P Cathode
(Lithium-metal Separator and Anode
0X|de) Electrolytes m
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HV Battery Format

* Cylindrical format
* Tesla, Rivian, Lucid

e Structural
* Lower capacity = more cells in parallel

* 18650 - Early Tesla Model S (7104 cells) 6S74P x

16 modules
e 2170-Rivian R1S/T (7776 cells) 12S572P x 9

modules
* 4680 - Cybertruck (1344 cells) 192S7H

* 4695 - Rivian R2 (768 cells)

T Yy

TV 7




HV Battery Format

e Pouch format

* GM, Stellantis, Ford, VW and many
more

* Non-structural
* Higher capacity = less cells in parallel

< | Ry "
=7 AU
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PHEV HV Battery

* Lower Capacity
* Same Voltage



Series Connections to Build Voltage

* VVoltage increases
* Amp hour stays the same
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Parallel connections to increase capacity

* VVoltage remains the same
* AmMmp hour increases




Series Parallel to increase voltage and capacity

* Voltage increases
* Amp hour increases




Hybrid Batteries - NIMH

e Series connections

 Cells —Modules - Blocks

* NiMH Cells aren’t balanced
independently

* Blocks are balanced




Hybrid battery

* Need high voltage but relatively
low capacity
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HV Battery Configuration

 Parallel connection of modules

* Cooling plates

* Battery Management System
(BMS)




Battery Balancing

e Balance board on Model S Charging Pos

Contactor

o=
-+
+

Pos Contactor

Pre-Charge
Contactor

=
+
4+

=
+
4+

Battery Energy
Control Module

+
-+
=+

o=
-+
+

=
=

Charging Neg Current
Contactor Sensor




BMS 'Current MOnitOr High Voltage Battery
SIS nvertor

e Shunt — Calculate current from
voltage drop

e Hall-effect Sensor — Calculate

current from sensor input High Current Shunt
0.5 mQ

I

Amperage = volts x 0.0005




BMS _Batte ry Tem p k Overlay = (Signals) BMS_packTemperaturel, Ul_batt.. Reduce 3 T
&,

|4 == BMS_packTemperaturel ™
| 50.550000000000004 C

* Control cooling to maintain .
proper battery temp

|

I

35 |

d Warm battery fOr DCFC ACTIVE_HEAT : == UJ|_battPreconditionOnNavState
e | | PASSIVE_HEAT

* Cool battery for battery health PASSIVE_HEAT 1 ui 21, 2025, 16:12:20

| 6561 A

| (Jul 21, 2025, 16:12:40)
|

40 | == BMS_socAvg
) | 28.700000000000003 %
30 i (Jul 21, 2025, 16:12:25)

15:40 15:50 16:00 16:10 16:20 16:30 EDT
Jul 21,2025 Jul 21,2025, 16:12:45




BMS - Contactor Control

Front Inv Fuse

Front Inv Pos DC/DC Fuse Frontinv Neg
Pos Pack Contactor

Neg Pack Contactor DCFC Neg DCFC Neg DCFC Pos
DCFC Pos

22039971 = |

Rear Inverter Pos
Rear Inverter Fuse Precharge Contactor

Rear Inverter Neg Precharge Resistor

DC/DC & Charger Contactor



Toyota Rav 4 Contactors

Disconnect

Updep u| 8peA

L01110L0810C
050.7-E78ED
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M10
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Negative

Pre-Charge




1.84s M3 ms
2425V

3" - Negative ON §

11.6 1.7

B precharge contactor
C positve contactor
D hybrid batery voltage




— Negative OFF | ond _ Positive OFFH

LI

3 Precharge

7.115

é CleS 1.169 Hz, 70.12 RPM

A negative contactor

B precharge contactor
C positve contactor

D hybrid batery voltage




BMS - HV Battery Cooling

Shut Off
Valve

e Hybrid — Air 2

Compressor

Cooled Evaporator Condenser
* BEV & PHEV -

Liquid Cooled
* Electric Pump Reservoir

* Chiller—-Liquid to
Refrigerant Heat Engine

Exchanger
‘(}I_} HV Coolant HV Battery
Cooling Pump Heater




BMS - State of Charge Calculation

* Voltage slope is
gradual with steep
climb when
charged and sharp
drop when
discharged




HV Battery Degradation

* High temperatures
* High SOC
* Low SOC

Overcharging

High Temp

Degradation

Low SOC

High
Discharging
Rate

High
Charging
Rate




BMS - Calculates Internal Resistance

* Voltage drop under load
divided by the current
Indicates internal
resistance

* Example, single cell
displaying a 97mV drop
while passing 2.5 amps
(1c) = 39 milliohm cell
resistance




Are you concerned about servicing High Voltage Batteries in your shop?

Yes, keep them out

No, but only smaller, like hybrids

No, we welcome all xEVs

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

* SAE Designations
* HEV/PHEV
* PO - BAS design
* P1-Dbetween engine
and converter/flywheel

e P2 —between converter
and engine

* PS-Two
Motor/Generators in
Transmission

e P3 - After transmission
e P4 - AWD Motor
e BEV - Standalone




PO - Ram elorque

* Mild hybrid
* Assists engine
e Starter
* Alternator
* Regen




P2 - Ford F150 Hybrid

* Torque converter
* Clutch

* Startengine

* Alternator

* Propel Vehicle
* Regen



BEV

* Rotor
* Induction Motor (IM)
* Permanent Magnet Motor (IPM)
* Wound Synchronous Motor
(WSM)
e Stator
* Distributed Windings

e Bar
* Stranded

* Concentrated Windings




Motor — 3 Phase Operation

* Three Phases
* 120 apart
* Y-wound config




Rotating Magnetic Field
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* Inverter generates a digital AC
voltage to create arotating I~ [ B )
magnetic field that switches ALY i)“”
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AC/DC Inverter High Voltage DC Battery

AC Motor



Motors - RMF

* Arrows cycling around the
stator show the magnetic
flux lines

 Color show the 4 sets of
windings for each phase

e “X”and “O” show the
current flow changes

* Magnetic force needs to
lead the rotor’s magnetic
field in a Synchronous
Motor




Motors - Induction

 Induction does not use
permanent magnets

* RMF induces current in
shorting bars, which then
generate a magnet field
around the shorting bars

* This magnetic field reacts
with the stator’s RMF

* Slip speed - percent of
stator RMF above/below
rotor speed

Direction of

Rotation of
Stator Field>\

Direction
of Force
on Bars

Brazed End-ring

< Direction |

Larninsied f  of Rotation

- of Rotor

Stator Field,
Bar EMFs
and Currents as

< Opposite —

Direction
of Force
on Bars

Rotor Bars
in Slots

EMFs and Currents
Circulating in Rotor
Bars and End-Rings
in Red




Motors - IM

* Good for high speed
* Less precise control
* No rare earth materials




Wound Synchronous Motor

e Generate an
electromagnetic field
within the rotor via
brushes

* Nissan Aryia




Axial Flux Motor

* Same principles, but different arrangement
* Embedded magnets in thin Rotor
* Stator Rotor Stator sandwich




Motors - Resolver

* Monitors rotor position

* Three circuits

* Excitation

* Sine

* Cosine

* Important to IPM

motors to properly
lead the magnets with
the RMF

e Calibration




Motors - Resolver

* Non-contact

* Lobes operating
within the
resolver’s windings
change how the
excitation winding
iInfluences the sine
and cosine




Motor - Resolver

Motor Control Module

e Green - Excitation  Exotation
e Blue - Sine
e Red - Cosine



Motors - Resolver g

0‘0‘0‘0‘0‘0"‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0






Body

Inputs/Outputs o

Body
Control
Module - C

e Resolver — Position and
Speed Accessory

Protocal
Interface

* Temperature

e Current flow satery
Modulo
o

Pump DCto DC

Converter

SOBDM-A
Charge
Controller

SOBDM - Secondary On-board Diagnostic Module
A = charge controller

B = front motor controller

C = rear motor controller

GATEWAY




Ford Mach E Motor Data

Module/System Parameter Select Live Display Playback

File Manager 3FMTK3RMXPMA33153_Apr_16_2026_08:35:56PM_REC3 - @

File Access . Gt
a Triggers and Settings

L

® = v BH

Plot Controls

Recording

3

3

VVC_LOWR_TEMP -SOBDMC VVC_TEMP -SOBDMC VVC_UPPR_TEMP
86 (°F) 32 (°F) 86 (°F)

-SOBDMC

14 —|

[
0

M ouT Drive Motor A Torque - Commanded

M
MWWJ

High Veltage Battery Current

HV AMP - Off Scale

L

Motor Inverter Phase Temperature

M_SPEED - SOBDMC Motor Speed
3231 (RPM) 6000 %

-500 I
0




Tesla Model 3 Motor Data

Stack Overlay (Signals) DIF_motorCurrent, DIR_motorCurrent, ESP_wheelSpeedRel Reduce m @ @

400

—M | ) it

Front

Rear

WSS 100

30

21:02 21:04 21:06 21:08 2110 2112 21:14 2116 CDT
Apr 11, 2026




Tesla — Drive Motor Evaluation Based on Scan Data

Diagnose Drive Unit System

Start time for evaluation

04/09/2026 07:08 PM

End Date
End time for evaluation

04/16/2026 07:08 PM

Log Availability Over Time

Time

Pull Logs and Run Run With 23.67% Data

Logs Not Available

Availability Status

Apr 9




Tesla — Resolver Learning

Front Drive Unit Resolver Error Learning

Axles and wheels will spin while in Drive.

Calibrates the resolver analog input error, which is required after an inverter swap. Before running this
routine, confirm the steering wheel is straight and the drive rail is on. Run this routine while the vehicle is on
the lift. After starting the routine, follow these steps to complete:

1. Shift into Drive within 10 seconds of starting the routine, and firmly press the accelerator pedal.
2. Keep the accelerator pedal pressed until the motor starts slowing down on its own.

3. After the speedometer reaches O, press the brake and shift into Park.

Do not press the brake pedal during coast down. Brake softly to cancel the routine.

‘ v | Perform Vehicle Checks

PROC_DIF_X_RESOLVER-ERROR-LEARN




2026 Equinox EV Motor Data
Drive Motor Speec )

Drive Motor Position

Drive Motor Position Sensor Offset -6.0
Drive Motor Position Sensor Offset Learn Status Learn Successful
Drive Motor Torque Command 0.0
Drive Motor Torque

Drive Motor Current Command

Drive Motor Current

Drive Motor Magnets Strength

Drive Motor Temperature

Vehicle Speed Sensor




2026 Equinox EV Motor Data

Ignition and Start Signal 14500
Drive Motor Inverter Status Off
Drive Motor Inverter Supply Voltage Circuit 310600
Drive Motor Inverter Temperature Sensor 1 88
Drive Motor Inverter Temperature Sensor 3 90
Drive Motor Inverter Temperature Sensor 5 90
Drive Motor Phase U Current -0.5
Drive Motor Phase V Current

Drive Motor Phase W Current




Ford Mach E Motor Calibration

* QR code

* Service Code 4

* Part Number e A
| HNU9A%21L1N§;‘?E(]U330

00A3FD6

SERYICE CODE

1Y D0GdZ d6F1



Motor — Winding Analysis

 Milliohm meter

e Used to check low-resistance
circuits

DMM isn’t accurate enough
* 1 amp placed on circuit

* Calculates resistance by using
amperage and voltage drop

e Measurements should be with 5%
of each other




e —— .~ ~—

AN P e ————
—',“

12-volt battery

“”‘o;'}

12 Ohm 50 watt




DIY Milliohm Meter




Megaohm Meter

* Places high voltage
In motor windings
and checks for
leakage to ground

* Red lead - stator
winding

 Black lead -
Case/Core

* Select level above
operating voltage

e Press test button
and wait for values
to stabilize




Do you have AASRA credentials for accessing HV related service info and tool access?

Yes, base technician

Yes, base plus EV safety

Yes, base plus vehicle security

Yes, base plus vehicle security and EV safety
No

No, what is AASRA?

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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DC In 3-Phase Out

e Inverter

* Motoring

* Generate 3-
phase AC from
HV DC

* Generating

* Rectify 3-phase
AC intoHV DC

3877.1 ms eIy 3972.5 ms 1000.0



IGBT / SIC MOSFET

* Groups of 6
Transistors
to generate
a digital AC

* Motor
windings
represent
the coils In
the stator




Pseudo Sine Wave

* Positive pulse between
zero and HV battery
voltage

 Changing duty cycle
determines the
amperage

20 cycles inone second (20Hz)




Pseudo Sine Wave

 Shorter “ON” time =
low amperage

* Higher “ON” time =
higher amperage

* Changing duty cycle
can mimic a sine
WENE

20 cyc lesinone second (20Hz)




Pseudo Sine Wave

* Reverse polarity by
Inverting the voltage




3-Phase AC Generation

* Inverter uses high
speed switching

e ~20kHz

* High speed switching
will allow for
smoother current
flow

* Changing duty cycle
will change amperage

* Each cycle will move
the motor ONE pole




Toyota Hybrid - AC Amperage Filtered

| &o'é’o'o'o't’¢’t'o'¢'t'»'~%'o’ t’t’t’&'i’t’&'o’t'lt'@&"’t't't"'0’6’0"'&"’6""’"‘"



Example — Toyota Rav 4 Hybrid MG2

* This positive cycle
took 2.4 ms

* Short duty cycle to
start

* Longer duty cycle in
the middle

* Short duty cycle at
the end




D0 25298125 25332965 33.84ms 0 37.27809 5 3728081 ¢

03310482

0 37516195 37.518725 D 37516195 37518725
B 1459V 2640V B 4376V 509.0V

PRI

Low speed, light throttle I B nrottle on Lift




* During decel, AC is generated

* Transistor switching can regulate
the amount of regen

* Capacitors and inductors smooth
rectified DC voltage



IGBT Groups

* Parallel grouping to

handle current
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Inverter - Capacitors

* DC Link

* Smooths out the
peaks and valleys
of AC switching




Inverters - Cooling

7
R

* Transistor switching
* Resistance = heat
* |deally <160 degrees
F, 70 degrees C
* Heat transfer
* Thermal paste
* Liquid cooling




Lexus RX400h bulletin

* Example of proper
thermal paste
application

THE FOLLOWING STEPS ARE VITAL
CONFIRM THESE STEPS ARE FOLLOWED CLOSELY

CONFIRM THE CONDITION OF THE THERMAL CONDUCTIVE GREASE

SAMPLE

CONDITION & ACTION REQUIRED
CONDITION: Smooth surface and complete coverage.

ACTION: Proceed to: SECTION X. REASSEMBELY

CONDITION: Grease unsmooth. Metal surface of the IPM
transistor NOT visible through the grease.

ACTION: Proceed to: SECTION X. REASSEMBLY

CONDITION: Grease unsmooth. Metal surface of the IPM
transistor visible through the grease.

ACTION: Proceed to: STEP C #2. REAPPLY GREASE TO THE
NEEDED AREAS

CONDITION: Hole or imperfection in the grease exposing the
metal surface of the IPM transistor.

ACTION: Proceed to: STEP C #2. REAPPLY GREASE TO THE
NEEDED AREAS

CONDITION: Foreign material in the grease.

ACTION: Proceed to: STEP C #1. REMOVE FOREIGN
MATERIAL FROM THE GREASE




Tesla Model 3 Cooling

* Refrigerant loop

* Variable expansion valves

e LCC
e Chiller

* Coolant loop
* Powertrain Loop

* Battery/Computer Loop

* Octovalve
« LCC
e Chiller
* Radiator

- Supermanifold

@ Ambient Air: 20°C
Radiator

@ PT Loop Inlet
Temp: 55°C
Flow: 9LPM

LcC
Refrigerant

@ Radiator Fan

RPM: 760

® Octovalve I

Series .

Refrigerant

(% | @ Battery Pump
y RPM: 3270

o
-

()

@ Battery Loop Inlet
Temp: 47°C
Flow: 9LPM

J
Bulterytoop-——————==————=~
Powertrain Loop --------- o
—— ) : pmm
il Eeiersp il el enn @ 67°C
® se°C - Coolant Purge Start
® s4°C DT e @ 64°C ]
- Start CoolantFill/Drain ~ HV Battery —— Max
~ Rear Drive Inverter RN A CANT 7
o e S ST @ 58°C
® 57°C f"’f e 5 ~
Loy | 56°C
~ Front Drive Inverter . 2 ® 25
@ 58°C ' 3
)
e
|
§



Inverter Cooling

* Leaf cooling passages

* |[nverter
e DC/DC converter
* Charge controller




Mach-e Scan Data

Module/System Parameter Select Live Display Playback

File Manager 3FMTK3RMXPMA33153_Apr_16_2026_08:35:56PM _REC3 - @ @- @ @ 7~ @ \E

File Access
2 Triggers and Settings Plot Controls Recording

VVC_LOWR_TEMP -SOBDMC VVC_TEMP -SOBDMC VVC_UPPR_TEMP -SOBDMC
86 (°F) 32 (°F) 86 (°F)
I

14 Jl
0

Drive Motor A Torque - Commanded

321 (Lbft) 1106 M
T4 M

[
0 10

M INV V - BECM High Veltage Battery Current

35450 (V) 170.00
HV_AMP - SOBDMC /_/—/
436.94 (A) 0.00
150.00 : . . .
20 30 40 50

T
10 0 0 0 0

M PHTMP SO Motor Inverter Phase Temperature

156 (°F)

M_SPEED - SOBDMC
3231 (RPM)




Tesla Model 3 Inverter Related Actions

All > Actlons 86 Dashboards

O\ Inverterl

-— -—

Action Type = Model = System = Task Type

Front Drive Inverter (DIF) - Store Application Data Before Replacement Backs up Drive Inverter Front (DIF) application data Drive Unit
rive Uni

PROC_DIF_X_STORE-DATA-APP before replacement.

Front Drive Inverter (DIF) - Store Bootloader Data Before Replacement Backs up Drive Inverter Front (DIF) bootloader data Wheels and Tires

PROC_PMF_X_STORE-DATA-BOOT before replacement.

Restore Front Drive Inverter Bootloader Data after Replacement and Usage ID C Restores the Front Drive Inverter (DIF) bootloader data Wheel dTi

. eels and Tires

PROC_PMF_X_RESTORE-DATA-BOOT-AND-WRITE-DRIVE-TYPE and configures Usage ID after a DIF replacement.

After DIR Replacement - Restore Application Data

PROC_DIR_X_RESTORE-DATA-APP

Restores the Rear Drive Inverter (DIR) application data. Drive Unit

Before DIR Replacement - Store Application Data , L , )
I ) P_ PP Backs up Rear Drive Inverter (DIR) application data. Drive Unit

PROC_DIR_X_STORE-DATA-APP

Factory DI Odometer Initialization Runs the factory Drive Inverter (DI) Odometer Drive Unit

PROC-DID_DI_VEHICLE-ODOMETER initialization routine.

Before DIR Replacement - Store Bootloader Data Before replacing the Rear Drive Inverter (DIR), this task ,

I o N Wheels and Tires

PROC_PMR_X_STORE-DATA-BOOT backs up the bootloader data

The procedure reads the drive inverter rotation in the

Right Drive Inverter (DIR) Electronic Control Unit Drive Unit

(ECU).

Read DI Rotations
PROC_DIR_X_READ-DI-ROTATIONS




Tesla Model 3 Service Mode Plus Actions




2026 Equinox EV

Ignition and Start Signal 14500

Drive Motor Inverter Status Off
Drive Motor Inverter Supply Voltage Circuit 310600
Drive Motor Inverter Temperature Sensor 1 88
Drive Motor Inverter Temperature Sensor 3 90
Drive Motor Inverter Temperature Sensor 5 90
Drive Motor Phase U Current -0.5
Drive Motor Phase V Current

Drive Motor Phase W Current
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DC/DC Converter

e HV DC LV DC
e Buck transformer




HV DC to HV AC Transform to LV AC Rectify LV AC to LV DC

HV DC to HV/HF AC

Buck
Transformer

S

.
= L Output
(:‘_ P
C
C
-
C
(.

Low Voltage Conditioning




DC/DC Primary — Convert HV DC to HV AC

HV DC to HV/HF AC

77 ®
Z

imary

Buck
Transformer

-

=
<323 o 4

. o o (Under bOard)
@J-: . ////f”fﬁfﬁ'.ﬂ, QJ

. § 7 | “,; .
2lap &
Q’!.-=‘¢Q222iégaﬁ;?‘L”Q“E”“;*“ﬂnuiﬁag&Hi!!!uiﬁﬂlﬂiﬂﬁiﬁlﬂiii"
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DC/DC Secondary — Convert LV AC to LV DC

Buck
Transformer Low Voltage Conditioning

UtpUt




Example on rectification and filtering

e Texas Instruments TINA Simulated Waveform

: . ] Green = voltage source
* AC |.npu.t rectlfleq .thrc.)ugh diodes and Red = output
no filtering/conditioning

e Load

Voltmeter/scope

20.00
| i i ! A A A A A

D3 1N1183

. i 10.00

:é” 0.00
D2 1N1183 D4 1N1183

-10.00

-20.00

0.00 2 00.00u 750.00u 1.00m
ime (s)




Example on rectification and filtering

* Inductor before load Inductors store energy in the magnetic
field that results from changing current

D3 1IN1183

I D2 1N1183 D4 1N1183




Example on rectification and filtering

* Capacitor before the load A filtering capacitor absorbs and
releases energy changing voltage

D1 1N1183 D3 1N1183

4 |{ 1
4V
| I D2 1N1183 D4 1N1183




Example on rectification and filtering

Inductor storing energy and
capacitor absorbing and releasing
energy

* Capacitor before inductor

D3 1N1183

L1 10m

D2 1N1183 D4 1IN1183




 Capacitor after inductor
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

absorbing and releasing energy

| M



Example on rectification and filtering

* Capacitor before
and after inductor =

ll W,

JI I|




Power Electronics Cooling

1 HV Battery > Battery
[ ) ‘ HV Battery ) PTC Heater Chiller
( Pump |

* Hyundai lonic 6
* |[nverter/converter

/motor loop [ tegrted »F >

Control Unit

* Battery loop p

Battery Radiator




Power Electronics Cooling

* Nissan Leaf
* Inverter/converter/motor loop

Charge
Controller/DC- Inverter
‘ - DC Converter

I A
[ Pump J

Reservoir Tank

Radiator




Power Electronics Cooling

* Ford Mach-E

* Inverter/converter/motor loop

Frant Motor

A-Port Front Motor Fear Maotor
Linverter Yalve Ol Cooler ' il Cooler

=

=]
)
L
=

=S0OBOM A — SOBDM C
. SOBLM . DCDC Converter , OBLM .
(Charge controller) (Kear Inverter)

Cooling Fump



Power Electronics Cooling

* Ford F-150 Lightning
* Converter/Motor/Inverter loop




Power Electronics Cooling

 Tesla Model Y

* Battery Loop

* Power Electronics Loop | Supetmanifoi

: Liquid
Cooled

Condenser

alve)

e
=
0
=
g
1

Octovalve (diverter v




Does your shop have a vacuum coolant fill system?

Yes sir!

No, not yet

Never heard of it

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







Are we going to
make house calls
to diagnose?




XEV charging

e EVSE or Vehicle




DCFC :

50
45
40

* Battery heating

35

e Current demands ACTIVE_HEAT

PASSIVE_HEAT

* Temperature monitoring

15:40
Jul 21, 2025

15:50

16:00

16:10

16:20




Plug standards

* North American Charging Standard (NACS)

¢ J1772

* Combined Charging System (CCS)

* CHADeMO - CHArge de Move — Charge for moving




HV AC to HV DC Transform to HV AC Rectify HV AC to HV DC

£

L J
T

Generate High Boost AC Voltage

Rectify HV AC to HV DC Filter and Smaoth DC Frequency AC Through A Transformer

Rectify HV AC to DC Filter and Smooth DC




Charger connections ~ ° "ot~ “hargerate

* Proximity — Switch state

L2 (240V) or

Neutral (120 V) L1 (120/240 V)

L2 (240V) or

Neutral (120 V) L1 (120/240 V)

Proximity Proximity

DC Fast Charge DC Fast Charge
Ground Negative Positive




Connection sequence

easurements  Tool ive  Help
H|¢ 20f 7 ‘»|@”\4|x5.542|»|\{"7(]\@\@\@|@"\|

|L‘| ‘|

s

[E

Automoti
4

Contactors close and AC
is input to the vehicle\

 —

No switch, normal state

?tton pressed
e e e { IV ! ___________________________________________ _D,',—-;;—-




Disconnection sequence

A=
File Edit Views Measurements Tools Automotive Help

” '” " TH HH |W”H|\ ww |w "M u *H

V AC Js removed
\M \ \
“ | \

|

‘

| |H

il
|

-46.13
s
SPTORP H ___________________________ _________________________K ______ _—
-
]




Proximity

* Disconnected
2700 ohms to ground
o ~4.4\V

e Connected, button released
* 150 ohms to ground through plug
* (142 ohms with 2700 resistor)
* ~1.45V by
* Connected, button pressed timt?phbw“d
* 480 ohms to ground through plug
(408 ohms with 2700 resistor)

 ~2.8V

5 Volts

wyo oce

Voltage
Sense

wyo oSt

wyo 0ee

Charger Plug

Wwyo 00L2

Charge Controller




Charge port electronics

Charge Port Controller or Similar Module

All Charge Ports Optional Inputs Optional Outputs
e o e

Proximity Line GND Line/Neutral  Pilot Thermistor Door Position Sensor Antenna Door Motor Plug Lock Actuator

Possible Additional Charge Port Circuits




Charge Port Data

Charge Port Data

Parameter Name

Proximity Detection Circuit

Proximity Detection Circuit

Control Pilot Circuit

Battery Charger Coupler Lock

Battery Charger Coupler Lock Command

Hybrid/Electric Vehicle Battery AC Charger Coupler Temperature Sensor
Hybrid/Electric Vehicle Battery AC Charger Coupler Temperature Sensor 4
Hybrid/Electric Vehicle Battery DC Charger Coupler Temperature Sensor
Hybrid/Electric Vehicle Battery DC Charger Coupler Temperature Sensor 2
Charge Port Door Position Sensor

Charge Port Door Position Sensor

Value

1490

5900
Unlocked
Not In Use
95

91

77

75

Fully Opened

2.2

-

mV

mV

V

Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...

Battery Energ...




2026 Chevrolet Equinox

Hybrid/Electric Vehicle Battery Accumulated Time at Range 2 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 3 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 4 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 5 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 6 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 7 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 8 State of Charge when Charging - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 1 State of Charge when Vehicle Off - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 2 State of Charge when Vehicle Off - Recent
Hybrid/Electric Vehicle Battery Accumulated Time at Range 3 State of Charge when Vehicle Off - Recent

Hybrid/Electric Vehicle Battery Accumulated Time at Range 4 State of Charge when Vehicle Off - Recent

818.03

479.19

487.49

1226.48

3627.84

102.57

0.00

26109.28

92433.35

17232.03

15983.14

Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...

Battery Energ...




2026 Chevrolet Equinox

Hybrid/Electric Vehicle Battery Voltage Isolation Sensing Circuit
Hybrid/Electric Vehicle Battery Voltage Isolation Sensing Circuit
Hybrid/Electric Vehicle Battery Pack Voltage Isolation Sensing Circuit 2
Hybrid/Electric Vehicle Battery Pack Voltage Isolation Sensing Circuit 2
Battery Charger Coupler Lock

Battery Charger Input Voltage Sensor

Battery Charger DC Voltage Command

Battery Charger System Inhibit Reason

Hybrid/Electric Vehicle Battery DC Charging Positive Voltage
Hybrid/Electric Vehicle Battery DC Charging Negative Voltage

14 Volt Power Module Status

Unlocked
205500
365000

Not In Use
-700
2000

Voltage Conversion...

Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...
Battery Energ...

Battery Energ...




2026 Chevrolet Equinox

DC Charge History Data
=33

Parameter Name Value Unit Control Module

DC Charge History 1 - Termination Reason Coupler Unplugged - Battery Energ...

DC Charge History 1 - Duration 00:43:39 | hh:mm:ss Battery Energ...

DC Charge History 1 - Discharging No Battery Energ...
DC Charge History 1 - Charge/Discharge Duration : [ Battery Energ...
DC Charge History 1 - Vehicle Propulsion System Active Battery Energ...
DC Charge History 1 - Vehicle Run/Crank Active Battery Energ...
DC Charge History 1 - Vehicle OFF in Park Battery Energ...
DC Charge History 1 - Series Charging Battery Energ...
DC Charge History 1 - Series Charging Not Allowed By Vehicle Battery Energ...
DC Charge History 1 - Parallel Charging Battery Energ...

DC Charge History 1 - Thermal Conditioning Requested Battery Energ...




2022 Tesla Model 3 - Pilot States

Stack Owverlay (Signals) CP_pilotHighWValue_intervalMin10s, CP_pilotLowValue_intervalMin10s, CP_pilot Reduce

G_PILOT_FAST_CHARGE

G_PILOT_LIME_CHARGE|
CHG_PILOT_IDLE

CHE_PILOT_MONE
06:00 : 00:00
Apr 11, 2026 Apr 12, 2026

= CP_pilotHighValue_intervalMinl0s (V] =—— CP_pilotLowValue_intervalMini0s (V] —e— CP_pilot




Tesla Medel 3 Proximity and DCFC

Stack Overlay (Signals) CP_proximity, CP_proximityV_intervalMax10s

CHG_PROXIMITY_LATCHED)
CHG_PROXIMITY_UMLATCHED
CHG_PROXIMITY _DISCONMECTED

06:00 00:00
Apr1, 2026 Apri2, 2026

Overlay (Signals) FC_brand, FC_coolingType Reduce

&=
¥ o FC_brand

" FC_BRAND_TESLA
Apr 11, 2026, 20:34:04
|

FC_BRAND_TESLA




Tesla Model 3 DC Fast Charge Data

Stack Overlay (Signals) FC_deCurrent, FC_dcVoltage

— FC_dcCurrent
590,9267578125 A

— FC_dcVoltage

375.5859377564 V

20:30 20:35
Apr 11, 2026 Apr 11, 2026, 20:35:34

[l]

34 minutes, 44 seconds Set as global range

— FC_dcCurrent (&) =—— FC_dcWoltage (V)




Tesla Model 3 Contactor Status

CONTACTOR_STATE_OPEN

ntMNegativeState




Charging Thermal Management

* Ford Lightni
or Ightnin
SOBDM B Oil Cooler for SOBDM A
(Front Drive Inverter) Drive Motor (Charge Controller)
Diverter DC/DC Converter
Valve

Radiator D|Verter
Valve

Ford Lightning Charge Controller Thermal Management




Charging Thermal Management

* Tesla Model 3




POV:
YOU'RE A CANADIAN
FORGED TO BUY A NEW
GHINESE EV




The End!

* XEV builds upon the knowledge of
traditional vehicles

* Low voltage system is essential

* Undercar work remains unchanged

* Trans shops lend themselves
to battery and
motor service

* Need for strong
electrical
diagnostic skills

* EVSE issues vs vehicle issues
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