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System Diagram

Electric Powertrain Control - System Operation and Component Description
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Network Message Chart - Inverter System Controller (ISC)

Broadcast Message Originating Message Purpose

Module
ABS Active Flag ABS Used to determine the status of the ABS system
Accelerator pedal position ECM Accelerator pedal position used for OBDII freeze frame data
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Air Conditioning Compressor GWM Indicates status of air conditioning compressor

Status

Air Conditioning Refrigerant ECM Indicates status of air conditioning refrigerant pressure

Pressure

Ambient air temperature filtered ECM Ambient air temperature, used to adjust high voltage battery cooling
fan speed

Automate Parking Assist PAM Indicates status of automated parking assist information

Information

Battery Voltage BCM Used to determine the battery voltage

Battery Voltage DCDC Used to determine the battery voltage

Battery Voltage BCM Used to determine the battery voltage

Battery Charge Data SOBDM Used to control battery charging

Battery State of Charge DCDC Used to determine the battery state of charge

Battery Traction Status BECM Used to determine the engagement of the battery to the
transmission

Body Service Required BCM Used to disable the high voltage system

Brake Boost Data GWM Used to determine brake boost data

Brake Pedal Applied ECM Brake pedal position used for OBDII freeze frame data

Brake Sensor Status GWM Used to determine braking force

Brake Status GWM Used to determine brake pedal position

Customer Preference Settings APIM Used to set customer settings

Electric A/IC Compressor ACCM Electric A/C compressor data

Engine Status ECM Engine data used for OBDII freeze frame data

Electric Park BCMC Electric park data

Engine Status ECM Engine data used for OBDII freeze frame data

Global clock data BCM Global clock used for OBDII freeze frame data

GPS Data GPS Used to determine location of vehicle

HVAC Evaporator Temperature GWM HVAC , used to indicate evaporator temperature

Request

HVAC Rear Blower Status GWM HVAC , used to indicate passenger demands

Hybrid Powertrain and Battery GWM Used to request power from both electric motor and the engine

Request

Hybrid Powertrain Status GWM Used to determine the hybrid system state

High Voltage Battery BECM Used to determine the high voltage battery information

Ignition Status BCM Current ignition state; off, accessory, run, start, unknown or invalid

Onboard Charging Status GWM Used to determine the onboard charging status

Odometer Master Value ICM Vehicle odometer value

Parking Aid Data GWM Parking Aid Sensors

PATS Control Command BCM Used to determine correct ID for vehicle starting

PATS Control Command GWM Used to determine correct ID for vehicle starting

Power Distribution Data BCMC Provides vehicle mode operation to driver

Powertrain Status ECM Provides vehicle mode operation to Inverter System Controller
(ISC)

Regenerative Braking Information | ABS Provides date for the regenerative braking system

Restraint impact event status GWM Used to disable the high voltage system during a crash




Steering Position Status ABS Used to determine the steering position status

TCU Activation Request GWM The TCU is requesting data from the Ford Pass Smartphone App

TCU Activation Status GWM Provides battery status to the TCU for the Ford Pass Smartphone
App

Throttle Position Status ECM Used to determine the throttle position status

Wheel Torque Data ABS Used to determine torque request by driver

Transmission gear request GWM Used to determine transmission gear state

Wheel Data ABS Used to determine wheel data

Engine Starting
Driver Demand

« The driver has changed one of the controls in the vehicle.
e The driver expects a reaction out of the vehicle. Example: Driver pressed down on accelerate pedal, air conditioning is
requested on or off, and so forth.

Non-Driver Demand

» State of charge of HV battery is too low or too high.
e Air conditioning power levels to maintain core temperature.

Modes of Operation
Creep

The hybrid electric system delivers torque to the wheels to mimic the creep mode normally found on vehicles equipped with
an automatic transmission. The Inverter System Controller (ISC), also known as the SOBDMC , commands a predetermined
amount of torque to be delivered to the output shafts of the electronically controlled transmission. This torque is delivered
from the combination of the internal combustion engine, the traction motor, or the generator motor. The maximum creep
speed in forward or reverse direction is about 6 km/h (4 mph). The creep speed may vary slightly if ambient temperature,
altitude, relative humidity, engine temperature, or weight of the vehicle changes.

Electric

The system operates in this mode when the vehicle is propelled by the electrical power stored in the high voltage battery. The
torque is supplied to the output shafts by the electric motor. This is the preferred mode whenever the desired torque is low
and can be produced more efficiently by the electrical system than the engine.

e Drive - The electric motor drives transmission providing torque to wheels meeting driver demand.
« Driven -The transmission is driven by inertia of vehicle and provides regenerative energy to electric motor meeting all
or a portion of the braking demand.

Engine Cranking

The generator motor provides the engine cranking function to start or restart the internal combustion engine. When the PCM
requests the engine cranking mode, the generator motor rapidly accelerates the engine speed up to about 950 RPM in about
0.3 seconds. When the engine speed reaches a calibrated speed the PCM commands the delivery of fuel and spark at the
appropriate time.

Hybrid

The system operates in this mode when the engine is running and powering the electric motor which produces the electricity.
The electricity produced by the electric motor charges the high voltage battery. In this mode the electric motor can operate as
a motor or as a generator to make up the difference between engine torque and desired torque at the wheels. This mode is
preferred whenever the electric battery needs to be charged or at moderate loads at low speeds.

e Drive - The engine drives the transmission providing torque to the wheels meeting driver demand. Requested torque
above this demand is used to charge high voltage battery through the electric motor. Electric motor can also assist
engine.



e Driven - The transmission is driven by inertia of vehicle and provides regenerative energy to electric motor meeting all
or a portion of the braking demand. Engine can provide compression braking.

Series

The system operates in this mode when the engine is running and the vehicle is not moving. This is the preferred mode
whenever the high voltage traction battery is charging, passenger compartment temperature control, high voltage traction
battery temperature control or catalyst warm up is necessary.

Positive Split

The system operates in this mode when the engine is running and powering the generator motor which produces the
electricity. The power from the engine is split between the path through the generator motor and the path to the output shafts
of the vehicle. The electricity produced by the generator motor charges the high voltage traction battery or powers the traction
motor. In this mode the traction motor can operate as a motor or as a generator to make up the difference between engine
torque and desired torque at the wheels. This mode is preferred whenever the traction battery needs to be charged or at
moderate loads at low speeds.

Negative Split

The system operates in this mode when the engine is running but the generator motor is reducing the engine speed. This
mode occurs if the engine is running, the vehicle speed is high and the high voltage traction battery is charged.

Regenerative Braking

The regenerative braking is a software strategy and is controlled by the ABS module, the Inverter System Controller (ISC) and
the BECM . Regenerative braking is the ability to capture and store a portion of the energy that would be lost as heat during a
braking event. When the driver applies the brakes, the Inverter System Controller (ISC) determines how much negative
torque (braking force) the electric motor should provide in addition to the friction brakes. Depending on the high voltage
battery state of charge, the amount of negative torque provided by electric motor can vary between 0 and 100 percent. The
electric motor then becomes a generator, which causes the energy to flow into the high voltage battery. The Inverter System
Controller (ISC) strategy smoothly blends regenerative and friction brake effort to make the dual brake operation transparent
to the driver.

Limited Operating Strategy (LOS) Mode

The Inverter System Controller (ISC) may initiate one or more of the LOS modes for some hybrid electric system concerns.
The objective of the LOS modes are to manage vehicle operation after one or more of the following systems are disabled due
to a concern:

engine

electric motor

generator

high voltage traction battery
regenerative brake system
transmission

Power Down Sequence

The Inverter System Controller (ISC) must conduct a normal power down sequence. Whenever the ignition is turned to the
OFF or ACC position, modules powered up by the ISP-R circuit immediately shut down. However the ECM , Inverter System
Controller (ISC) , and the BECM stay on, until the power down sequence is complete. The ECM and Inverter System
Controller (ISC) stay powered by controlling their own dedicated power relays. The BECM is powered directly from the low
voltage battery which permits wake-up function when the vehicle is off. During the power down sequence the Inverter System
Controller (ISC):

requests the ECM to cut power to the injectors and ignition coils (engine shut down)
disables the high voltage inverters

requests the BECM to disable the DCDC converter

requests the BECM to open the high voltage contactors

discharges the high voltage inverter capacitors

opens the Inverter System Controller (ISC) power relay

If the power down sequence does not execute correctly, it is considered an abnormal shut down which may result in the ECM
, the Inverter System Controller (ISC) and the BECM storing DTC s.

Power Up Sequence



The Inverter System Controller (ISC) conducts a power up sequence every time the ignition is turned from the OFF to the
START position, if the gear selector is in PARK or NEUTRAL. During the power up sequence the Inverter System Controller
(ISC):

« initializes and begins CAN communications with the BECM

e requests the BECM to close the high voltage contactors

« illuminates the green ready indicator indicating the vehicle is ready to drive in electric, gasoline, or a combination of
electric and gasoline modes

« if required, the Inverter System Controller (ISC) will start the internal combustion engine. The internal combustion
engine will not start if the gear selector is in NEUTRAL. The internal combustion engine starts if it is required for cabin
heating, windshield defrost or the outside temperatures are low. The internal combustion engine also starts if the high
voltage battery charge is low.

If a concern is detected during the power up sequence, the Inverter System Controller (ISC) may initiate LOS mode and store
aDTC.

Component Description

Certified Tachometer (CTO)

The CTO is the gasoline engine RPM signal sent from the PCM as a network message that is received by the SOBDMC and
is used to determine engine speed for calculating transmission and gear shift operation.

Inverter System Controller (ISC)

The Inverter System Controller (ISC) is a stand alone module. The Inverter System Controller (ISC) receives a variety of CAN
messages and hardwired signals from modules connected to the CAN . Based on information received, the Inverter System
Controller (ISC) makes a decision on how to control the operation of the electric motor. In case of a concern, the Inverter
System Controller (ISC) is able to detect and store the appropriate DTC . The Diagnostic Trouble Codes can be retrieved from
the Inverter System Controller (ISC) by carrying out an on demand or continuous memory self test. The Inverter System
Controller (ISC) can be reprogrammed.

TCM Private CAN

Communication between the PCM , GSM , and the ISC happen only over the TCM private CAN bus. The TCM private CAN
reduces the message load on the primary CAN bus. This TCM private CAN also allows for duplication of critical messages
from the GSM for safety purposes, so that a single bus failure won’t cause a sudden loss of function of the shifter system.




