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FOREWORD

This document is the property of Azure Dynamics Inc. All rights This publication contains information pertinent to the hybrid
reserved. Reproduction, in whole or in part, is prohibited without modifications and is supplementary to the Ford E-450 Owner & s
the express prior written consent of Azure Dynamics Inc. This Guide.

document is current with respect to the vehicle at the date of

printing. This supplement contains all the information necessary to safely

operate this Hybrid vehicle and complete routine preventive

Parallel Hybrid Gas Electric Delivery Van, maintenance on the Hybrid System.

2008 Ford E-450, Ow n e Guide Supplement
Note

MANS500492-A Hybrid System service shall be performed onlyy an authorized service
Released January 08, 2008 technician qualified to work on Azure hybrid gaselectric vehicles.

© 2008 Azure Dynamics Inc.
This manual covers the Azure model:

Ford E-450 Parallel Hybrid Delivery Van
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COMPANY INFORMATION

Azure Dynamics (AZD) develops hybrid electric and electric drive
technology for commercial trucks and shuttle buses. AZD is a
leader in the delivery of electric and hybrid electric systems, with
an accumulation of over 25 million miles of experience.

Azure Dynamics Corporation is a public company trading in
Canada (TSX: AZD) and in the United Kingdom (AIM: ADC).

Azure Dynamics powertrains are protected in the United States
under the fol lowing patents:

U.S. 6,909,200; 6,879,054; 6,768,621; 6,643,149; 6,555,991,
6,242,873; 5,898,282 and may be the subject of pending
patent applications.

Contact Information

Azure Dynamics Inc.

Product Support

Toll Free Number: 1-866 -473-1636
Phone: 905-607 -3486

Fax: 905-569 -0592

Email: productsupport@azuredynamics.com
Web: http://www.azuredynamics.com
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VEHICLE OVERVIEW

General Vehicle Overview

This vehicle is built on a Ford E-450 c ommercial stripped chassis
with a modified drivetrain and modified electronic system
controls.

The hybrid conversion adds all of the items shown on page 2.

This hybrid system significantly reduces fuel consumption due to
the following features:

e Engine stop/start capability

e Regenerative braking

e Electric only mode at low speeds
e Electric launch assist

The vehicle is propelled by the Traction M otor in addition to the
conventional gasoline engin e and automatic transmission. The
Traction Motor is used for torque assist during vehicle
acceleration and to capture energy from regenerative braking
events in which case the regenerative energy is stored in the
Energy Storage System(ESS)

When the vehicle comes to a stop (e.g. when a driver stops at a
red light), the engine will typically shut off in order to save fuel.
When this happens, the Electric Power Assist System (EPAS see
figure on page 2) is enabled to maintain power steering and

power brakes and the DC/DC Converter is also enabled in order
to charge the 12 Volt battery.

The vehicle also has an Integrated Starter Generator (ISG)
mounted to the front of the engine which is used to provide
quick re-starts of the engine when accelerating from a stationary
position and also to generate power to charge the high voltage
ESS.

The high voltage system is self contained and it does not have to
be plugged into an external power source for charging.
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VEHICLE OVERVIEW

High Voltage Components Installed to Chassis

Integrated Starter
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Energy Storage System (ESS):
High Voltage Battery Pack
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VEHICLE OVERVIEW

Integrated Starter Generator (ISG) & Controller

The Integrated Starter Generator (ISG) is mounted on the front
of the engine. Itis used to provide quick re -starts of the engine

when accelerating from a stationary position . It also acts as a
generator when necessary to create energy to charge the high

voltage ESS.

The ISG Motor @ntroller controls the speed and torque of th e
ISGmotor. The ISGmotor controller also converts high voltage
DC to 3-phase AC electrical power and vice versa.

Traction Motor & Controller

The Traction Motor is located between the transmission and the
differential . It is used to provide torque to the driveline of the
vehicle as well as capture energy during regenerative braking.
This energy is then stored in the ESS.

The Traction Motor Controller controls the speed and torque of
the traction motor. The traction motor controller also converts
high voltage DC to 3 -phase AC electrical power and vice versa.

Electrical Power Assist System (EPAS) Motor & Controller

The EPAS suppliespower steering and power brakes during
engine-off operation. The EPAS motor drives a belt that is
connected to a hydraulic pump.

This EPAS controller controls the motor to the appropriate speed
and torque and this system is only enabled when the engine is
off.

DC/DC Converter

The DODC Converter is used to convert the high voltag e that is
stored in the ESSto approximately 14 Volts DC. This is necessary
to maintain the state of charge of thel2 Volt battery and to
provide energy for the vehicle & 12 Volt systems when the
engine is not running.

High Voltage Junction Box

The High Voltage Junction Box is used to distribute the high
voltage DC electrical power to all of the motor controllers as
well as the DC/DC converter. High voltage DC electrical power
from the ESS enters the junction box from which it is then
distributed to each of the motor controllers and D C/DC
converter. This junction box also contains fuses for the high
voltage components.

12 Volt Battery

The 12 Volt battery is the same as the one used in a northybrid
vehicle. It is located in its original location under the hood of
the vehicle. It is used to supply power to all of the same
components in a non -hybridized vehicle, as well as the high
voltage control circuits.  This battery can be boosted and
charged as it would be in a non-hybrid vehicle.
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VEHICLE OVERVIEW

Electronics Cooling System

An additional liquid ¢ ooling system is added to the vehicle and it
circulates coolant thr ough the ESS and the D@DC Converter.
This system includes a radiator mounted in front of the original
engine radiator, a 12 Volt electric pump and associated hoses.
This system also usesa 12 Volt electric cooling fan on the
radiator to pull air through the radiators

Warning

Before servicing the electronic cooling system,
AE turn the ignition switch to the OFF position and
remove the keys.
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VEHICLE OPERATION

Ignition/Starter Switch

The ignition/st arter switch functions in the same manner asin a
non-hybrid Ford E450 except for the starting operation
described below. Refer to the Ford E450 Ow n e rGiiide for
more information .

Starting the vehicle
1. Ensure the gearshiftis in P (Park)
2. Tunthekeyto f 4 ®N)wi t hout turning t

(START) All electrical circuits will be operational, warning
lights will be illuminated.

Starting the vehicle
{Green "Hybrid Enabled” light will illuminate

All electrical circuits operational
and Warning light illuminated

3. Turn the k(E&WRTmomentasils and hold for
about 1 second and release. The Gr e &BRID f H
ENABLEG | i g ht dashnwill thér Bluminate d which

indicate s that the vehicle is ready to drive, even if the
engine is not running.

Hybrid Indicator Lights
There are two | ights on the driwv

of the steering column , a Gr eHYBRIDfENABLED Itiamglla

Yek [E?ABRII@ SERYI@ | i he function of these lights is
described in the following tables.

® @

HYBRID HYBRID

\ = SERVICE ENABLED
i +)
: Note:

W

1 Whenever the Green f HY Huindded BENABL
vehicle is fONG and ready to dr
running.
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VEHICLE OPERATION

Hybrid Not Ready to Drive
OF F (Ensure k:y has been turnedyto START position)
ON Hybrid Ready to Drive
Vehicle will shut off soon - park in a safe
FLASHING iace
HYERID SERVICE LIGHT DESCRIPTION
. OFF No Faults Present
O ON Report to Service After Shift
SN
FLASHING Service After Shift
NS

How to turn the Hybrid OFF
1. Come to a complete stop .

2. BEngage the parking brake .

3. Pace the gear selector in park and turn the key to the OFF

position .

2008 Parallel Hybrid Gas Electric Delivery Van, Ford-&£5 0

Vehicle Operation

Since the drivetrain is powered by both the gas engine and the
electric motor, the vehicle can be driven in electric only mode
depending on the following variables:

¢ Engine temperature
¢ Charge level of the battery

e Driver€s throttle pedal comma

Therefore if the engine is warmed up, the battery is suitably
charged and t he dr dommanddsslowtetougb,t t |
the engine will not be commanded to turn on and the vehicle

will be drivable in electric only mode. Once driving in electric

only mode, and once the battery charge level gets too low or if

the drivers throttle pedal command becomes high enough, the
engine will be commanded to turn on.

Note:

Whenever the Green f HY HuinddedEMNABL
vehicle is fONG and ready to dr
running.
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VEHICLE OPERATION

Automatic Transmission Operation

The brake-shift interlock an d gear selection/function is the same
as it is on a non-hybrid Ford E450. Refer to the Ford E450
Ow n e 1G@ide for more in formation .

Warning
When leaving the vehicle K

/\é Always set the parking brake fully and make sure the
gearshift is latched in P (Park). Turn the ignition to

the LOCK position and remove the key whenever you
leave your vehicle.

Vehicle Creep

Asinanonhybrid, the hybrid veekeeplGe is designed to f
forward when in any forward gear or reverse when in reverse

gear when the brake pedal is released and the throttle pedal is
not pressed.
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VEHICLE SAFETY

High Voltage System

All of the components on page 2 are high voltage and pose a Shock Hazard
shock hazard if handled incorrectly. The high voltage cabling is
identified by orange cable, orange looming or orange tape

around the loom. Only qualified technicians should touch these Never use water to extinguish electrical

high voltage components and cables. fires; doing so greatly increases the risk of
shock.

Shock Hazard

The electrical system in this vehicle is capable of
producing lethal voltage levels.

All drivetrain and control systems must be
maintained and serviced by trained personnel
who are qualified to service Azure hybrid vehicle
systems.
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VEHICLE SAFETY

Electronics Cooling System

This vehicle has an additional cooling system to cool some of the
high voltage electronics (the ESS and in some cases the DGDC
converter).

The electronics cooling system is hot and pressurized during
operation and can cause severe burns.

Warning

ﬁ Never remove the electronics coolant cap unless
the vehicle is turned off and the system is cool.

Cooling fans are electronically controlled and may start up at
any time.

Before servicing the electronic cooling system, turn the ignition
switch to the OFFposition and remove the keys.

Engine Starting / Stopping

One of the features of this hybrid vehicle is that the engine is
shut off whenever possible to save fuel. Since the engine can be
commanded back on without warning to the driver, care must
be taken to keep away from the moving parts on the front of the

engine when the vehi cHYBRID ENABEDa r t

lightis on.

Warning

When the key is in the ON position, the engine
may start or stop w ithout warning . Remove the
/A\ key from the ignition when working on the vehicle
or under the hood. The vehicle should not be left
unattended with the key in the ON position.
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TOWING

Towing

When towing the vehicle, follow the guidelines found in the Ford
E450 Ow n e 1GBide for more in formation .

Inform t he tow truck operator that chains or straps are not to be
attached to, or placed over, high voltage components or cables.
These can be identified in the diagram on page 2 or, in the case
of cables, by the bright orange colour.

Warning

ﬁ Never place chains or straps to or across any high
voltage components or orange cables .
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VEHICLE MAINTENANCE

General Maintenance

The maintenance outlined in this section is additional to normal
maintenance requir ed by the chassis manufacturer. Referto the
Ford E450 Ow n e 1IGBide for more in formation .

Normal service intervals should be performed quarterly with a
full vehicle inspection once per year.

It is recommended that all under hood fluid levels be checked on
a weekly basis.

Electrical system coolant should be changed every 3 years or
75,000 km (45,000 miles) (location shown below) .

Only use Motorcraft Premium Gold Engine Coolant with Bittering
Agent or equivalent (yellow color) Ford WSS-M97B44-D, VG7-B
(US); CVE&r-A (Canada).

Do not add or mix with any orange -coloured, extended life
coolant.

The EPASElectric Power Assist System) belt is expected to last
for the normal service life of the vehicle but should be
inspected at every service interval or 6 months/12,000km
(7,500 miles).

The ISG (Integrated Starter Generator) belt is expected to last for
the normal service life of the vehicle but should be inspected at
every service interval or 6 months/12,000km (7 ,500 miles).

The dternator belt is expected to last for the normal service life

of the vehicle but should be inspected at every service interval
or 6 months/12,000km (7 ,500 miles).

-

Electronics Cooling
System Reservoir
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FUSES

Fuse Box

The fuses related to the hybrid system are located under the
hood near the front passenger side of the engine. The size and
function of the fuses are found on a label inside the fuse box
cover. Itis located under the air duct.

To access the fuse box, remove the air duct as shown in the
illustration .

1. Detach the air cleaner inlet from the plastic seal on the
radiator support (s queeze the end to enable removal).

2. Rotate the air cleaner inlet upward about 90 de grees.
3. Slide the air cleaner inlet outwards.

4. The fuse box is now accessible.

2008 Parallel Hybrid Gas Electric Delivery Van, Ford-£5 0 O w Guede Supplement 12




GLOSSARY

Glossary

Conventional Vehicle 3 A non-hybrid vehicle with an internal
combustion engine

EPAS3 Electric Power Assist SystemqQ this system contains a
motor controller whic h controls an electric motor which in turn
drives a hydraulic pump via a belt. This system is used to supply
hydraulic pressure to the hydraboost system when the vehicle is
on, however engine is off so that the driver has power assisted
brakes and steering

ESS3 Energy Storage Systemq this is typically a Nickel Metal
Hydride (NiMH) battery pack, however could also be Super
Capacitors or Lithium lon Batteries

Electric Mode 3 Vehicle operating state which draws existing
power from the ESS

Generator 3 A machine that converts mechanical energy into
electrical energy

High Voltage 3 Voltage exceeding 48 Volts DC

Hybrid Mode 3 Vehicle operating state which draws power from
the engine as well as the ESS

ISG3 Integrated Starter Generator Q An electric motor that is
used for both starting an engine and generating power

Regenerative Braking 3 The conversion of vehicle kinetic energy
into electrical energy during deceleration

State of Charge 3 The amount of electrical energy in a battery
at a specific time, expressed as a percentage of the energy in the
ESSwhen it is fully charged

VCU3 Vehicle Control Unit Q This device receives various vehicle
inputs such as the throttle pedal input and then outputs various

signals to control the vehicle€s

Vehicle Creep 3 Vehicle movement (without accelerator input)
caused by the traction motor when the vehicle is in gear

12V System 3 Any vehicle system which derives power from the
12V batter y and/or DC/DC converter
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