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Azure Dynamics Group is a world leader in the development
and production of electric and hybrid electric
vehicles/systems for commercial vehicles. The group has
delivered has delivered thousands of electric and hybrid
electric systems, with an accumulation of over 25 million
miles of vehicle experience.

Azure Dynamics Inc. is an innovative technology company
with a vision to become a recognized world leader in hybrid
electric vehicle systems for commercial vehicles.

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

"Azure Dynamics power trains are protected in the United
States under the following 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."”

For more information, please visit our website:

www.azuredynamics.com
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This publication contains information pertinent to the hybrid
modifications and is supplementary to the vehicle owner’s
manual.

This supplement contains all the information necessary to
safely operate the vehicle and complete routine preventive
maintenance.

Note:  Scheduled maintenance for non-hybrid system
components shall be performed only by authorized,
qualified personnel.

Vehicle service shall be performed only by an
authorized service technician qualified to work on
hybrid gas-electric vehicle systems.

This manual covers the following Azure model:

6110-P42 Gas-Electric Series Hybrid Bus
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Motor & Controller

Power Steering
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HV Junction
Box & Inductor

This vehicle is built on a Workhorse P42 commercial chassis
with a modified drivetrain and electronic system controls.

The hybrid conversion replaces the conventional powertrain
(engine and transmission) with a genset, a high voltage
battery pack and a traction drive. Vehicle systems are
controlled by a powertrain control module.

The hybrid system uses an advanced adaptive control
strategy, reduced engine size and regenerative braking to
increase overall powertrain efficiency.

The PCM controls all vehicle systems and is critical to safe
vehicle operation; it must not be tampered with in any way.
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The genset comprises an internal combustion engine which
drives an electric generator. The generator powers the
traction motor and charges the high voltage battery pack.

A high voltage battery pack provides electric power to the
traction drive motor as well as the high voltage auxiliary
systems on the vehicle.

Typical vehicle accessories are powered by a standard 12V
system. A DC-DC converter steps the high voltage down to
approximately 12V in order to maintain the charge on the two
12V batteries as well as supply 12V power for these
accessories.

The traction drive is an AC induction motor, combined with a
single speed reduction gearbox. The traction drive turns the
wheels and maintains vehicle speed.

Brakes and steering are power-assisted by a high voltage
powered motor/pump/inverter assembly.

Heat, Fuel Fired heater, Air Conditioning, Door
Operation, Public Address System and Radio —

Refer to the applicable Owner’'s Manual




Display for Reference only

Webasto Fuel Fired heater website:
http://blueheatinfo.com/
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b # Warning:
There are three positions for the ignition switch Before driving, ensure the instrument cluster
does not display any warning lights or warning
OFF, ON, and START. codes. For warning light and warning code
definitions, refer to Troubleshooting
ACC — Not used

OFF — Shuts down all vehicle power. Before removing the
keys, engage the parking brake and shift the gear selector to
PARK.

ON — Enables the 12V system and all vehicle accessories,
and initiates an instrument cluster bulb check.

START — Enables driving. The vehicle will produce a slight
hum, and the “electric " (“electric” appears under car symbol)
light will illuminate in the instrument cluster, indicating
electrical components have powered up. See also Start-up
Procedures
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PARK — engages a transmission brake, and
should be used whenever the vehicle is
parked. Apply the parking brake before
shifting to P.

REVERSE — allows the vehicle to move
backward. Before shifting to R, apply the foot
brake. In R, traction motor torque will cause
the vehicle to move without accelerator input.

NEUTRAL — disables the drive. As a safety
precaution, use N when towing the vehicle.

DRIVE — allows the vehicle to move forward
in hybrid mode. In D, traction motor torque will
cause the vehicle to move without accelerator
input.

$ %

Hybrid modifications are essentially transparent to the driver;
vehicle controls (e.g., acceleration, steering and braking) are
virtually identical to a conventional vehicle.

&! &

Apply the parking brake whenever the vehicle is parked and
left unattended.

MAN500217B

' &
To slow the vehicle, depress the foot brake pedal. This also

activates the regenerative (regen) braking process.
uses vehicle deceleration to charge the batteries.

(

To increase speed, depress the accelerator pedal.

The accelerator is electronically coupled to the PCM, which
adjusts the speed of the traction motor accordingly.

The instrument cluster indicates vehicle system status.
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Gauges and Indicators

Fuel Level — indicates the level of engine fuel.

Temperature — indicates the operating temperature of the
hottest component, in conjunction with warning codes.

Turn Signal Indicators (flashing) — indicates the
corresponding (left or right) turn signal indicator is on.

Speedometer — indicates vehicle speed in kilometres (white)
and miles (amber).

Battery Pack State-of-charge — indicates the available
charge in the high voltage battery pack.

High Beam Indicator (steady) — indicates the headlights are
set to high.

Odometer — indicates the total distance the vehicle has
travelled, in miles. The odometer is visible when the vehicle
is on.

Warning Lights

The warning lights are used to communicate vehicle system
status, some of which may require driver response.
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Warning:

Failure to heed warnings may result in
significant damage to vehicle systems.

For detailed descriptions of all possible warnings lights and
warning codes, refer to Troubleshooting

Emergency Door Release (see StarTrans owners manual for
operation)
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Emergency Exit (see StarTrans owners manual for operation)
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For operation of the Braun Millennium model
NL9171B Wheel Chair lift, see the owners’
manual:

Enables power to Wheel Chair lift

“Emergency stop switch" should be used in case of
emergencies, i.e. drive system runaway condition. It will

disable the drive while maintaining auxiliaries

Controls the deployment of the Wheel Chair lift

Stowed Lift

Lift Deploying

Lift fully deployed

Braun Millennium series Chair Lift WEB site:
http://www.braunmobility.com/products/co
nslif/conslif.asp
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The vehicle has a conventional combustion engine as well as
a high voltage electrical drive/generation system with storage
capacity (batteries).

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 Gas-
electric hybrid vehicle systems.

The PCM is critical to the safe operation of the vehicle and
should not be tampered with under any circumstances. It is
located on the driver’s side in the engine compartment.

If a significant issue or system failure occurs, the event will
be indicated by one or more warning lights on the instrument
cluster. For definitions and appropriate responses, refer to
Troubleshooting

MAN500217B

The genset comprises an internal combustion engine which
drives an electric generator. The genset provides power to
the high voltage battery pack in hybrid mode, and ensures
the state of charge remains at an optimum level (60%).

W) 1+

The high voltage junction box contains potentially lethal
voltage levels and is sealed.

#) | ,$ !

The high voltage battery is identified by high voltage decal;
cabling is identified by highly visible orange looming. Avoid
contact with the battery container or the high voltage cabling.
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Engine Cooling System (Radiator)

The engine cooling system will be hot and pressurized during
operation and can cause severe burns.

Warning:

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

Before removing the coolant cap, turn the ignition switch to
the OFF position and remove the keys.

Electronics Cooling System

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

Cooling fans are electronically controlled and may start up at
any time. Before removing the coolant cap, turn the ignition
switch to the OFF position and remove the keys.

%'

In the unlikely event of an electrical fire, pull over
immediately, turn the ignition switch to the OFF position and
remove the key to disconnect all electrical systems.

Exit the vehicle and call emergency response services.

The vehicle should be equipped with a dry gas (CO) fire
extinguisher. Ensure the fire extinguisher always remains
within reach of the driver’s seat, and replace or refill it after
each use.

Warning:

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

Shock Hazard:

Never use water to extinguish electrical fires;
doing so greatly increases the risk of shock.
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Pre-start Checklist
Check lights and turn signals.

Check fuel, engine oil and all coolant levels.

Adjust mirrors if necessary.

Starting the Vehicle

Insert the key and toggle the ignition switch to the

START position (the ignition switch will return to the ON

position).
The instrument cluster will initiate a bulb check.
Check for warning lights and/or warning codes.

The HV ENABLED warning light will illuminate,
indicating the high voltage system is enabled.

Shift to the appropriate gear.

Ensure the parking brake is engaged. Release the parking brake and begin driving.
Ensure the gear selection is in the PARK position.

MAN500217B
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Cold Start (Outdoors)

After starting the vehicle, shift from PARK to D. On power
demand, the vehicle will start to operate at low idle for
approximately 12 seconds and the “Wait” light will flash. This
is normal and it is acceptable to drive the vehicle while the
“Wait” light is on, however it will be in a power limited mode
until the “Wait” light goes out. "Plug in the High Voltage
battery heater when the outside temperature is below

- 20 Degrees. (C -4 Degrees. F)

Warm Start

If the engine is within operating temperature, the vehicle will
start in hybrid mode. Note that the engine will not start until
the vehicle is in DRIVE or REVERSE and a high enough
power demand is made via the accelerator pedal.

$

The internal combustion engine acts as a mobile generator,
delivering power to the battery and/or traction motor on
demand. In DRIVE or REVERSE, the powertrain control
module governs the operation of the internal combustion
engine.
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At speeds below approximately 20km/h (12 mph), the engine

may not start, however, sudden acceleration at any speed in
hybrid mode may create sufficient demand to start the
engine.

Warning:

If the high voltage battery state of charge falls
below 20% a system override will start the engine
to recharge the battery pack and prevent complete
loss of battery power.

Monitor the HV battery state of charge gauge.

L # ) #
Follow start-up procedure.
Depress the foot brake.
Shift to the appropriate gear ( , ).
Disengage the parking brake.
Release the foot brake.
Depress the accelerator.
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Acceleration

The accelerator is electronically coupled to the PCM, which
adjusts the speed of the traction motor accordingly. The
further the pedal is depressed, the faster the vehicle will
travel.

Warning:

Avoid creeping in gear; always apply the foot
brake when the vehicle is stopped. When leaving
the vehicle unattended, shift to PARK and engage
the parking brake.

Depress the foot brake and come to a complete stop.
Engage the parking brake.

Shift the gear selector to PARK.

Turn the ignition switch to the OFF position.

Remove the keys.

MAN500217B

Creeping in Gear

The traction motor will continue to move the wheels
whenever the vehicle is in REVERSE and DRIVE

The instrument cluster contains gauges and warning lights
which display information about operating conditions and
communicates any significant issues or events in the
vehicle’s operating systems.

To minimize risk of damage to the vehicle, respond
immediately to warning lights and warning codes. For details,
refer to Troubleshooting

The vehicle is equipped with power-assisted steering. In the
event of electrical failure, the steering will continue to
operate, but without power assist.

& !
The vehicle is equipped with power-assisted brakes. In the

event of electrical failure, the brakes will continue to operate,
but without power assist.
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When the foot brake is applied, the traction motor acts as a
second generator, redirecting kinetic motion produced by the
rotation of the tires into the high voltage battery pack. This
function facilitates downhill deceleration until the battery is
fully charged and then regenerative braking will not be
operative.

Regenerative braking does not affect mechanical braking.

0

Under certain conditions, the powertrain control module may
initiate a system override to prevent damage to the vehicle’s
operating systems. The vehicle can be driven at a reduced
rate of acceleration for an unlimited distance, subject to
normal operating conditions (e.g., the engine continues to
charge the high voltage battery pack). Vehicle speed is not
affected.

If the vehicle is under power limitation in electric mode, or the
engine is malfunctioning, monitor the SOC gauge carefully to
prevent total loss of power.
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Whenever power limitation is initiated, the POWER LIMIT
warning light on the instrument cluster will illuminate. For
appropriate responses to warning lights, refer to
Troubleshooting

1

This vehicle includes a redundant 12 volt starter (as is used
on a conventional vehicle) and in the event of a high voltage
system failure (example — high voltage battery pack failure),
the vehicle will remain operable. When this Gas Electric
Mode is enabled, the wrench and power limit lights on the
instrument cluster will flash and the words “Limp Home” will
appear on the LCD display. Note that it is acceptable to
finish the bus routes in this mode, however when the vehicle
gets back to its depot, a qualified service technician should
be informed.

The vehicle should be towed in the forward position, with all
wheels on the ground to avoid damage to the rear bumper.

Before towing, depress the foot brake and shift to NEUTRAL

2 & %
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The following describes maintenance specific to the hybrid
modifications. All other maintenance must be completed in
accordance with the vehicle owner’'s manual.

1 0 $
Engine Coolant

Check the coolant fluid level daily. Reference the Workhorse
Owner’s Manual for the recommended Engine Coolant.

Electronics Coolant

Check the coolant fluid level daily.

Engine Qil

At least once a week, check the engine oil as described
in the vehicle’s owner manual. Reference the Workhorse
Owner’s Manual for the recommended engine oil.

Gearbox QOil

At least once a month, check the gearbox oil level.

Warning:

Use only SAE 80W90 API GL-5 transmission oil
for the Gearbox

Warning:

Use only DEX-COOL coolant mixed into 50/50
mixture with clean drinkable water for the
Electronics Coolant

MAN500217B

Brake Fluid

At least once a month, check the brake fluid level. The
reservoir is located above the master cylinder. Reference the
Workhorse Owner’s Manual for the recommended brake
fluid.

Note, to bleed the brake lines; refer to the Workhorse
Owner’s & Service manuals.

Owner’s Manual Supplement — 2007 Gas-Electric Hybrid 15




Power Steering Fluid

At least once every three months, check the reservoir. Add
fluid as necessary. Reference the Workhorse Owner’s
Manual for the recommended Power Steering Fluid.

#

Daily | Weekly Monthly | Annually

Engine Oil -

Shock Hazard:

Do not attempt to jump start the 12V battery
from the high voltage battery pack.

Never connect booster cables to the high
voltage battery pack.

Gearbox Oll .
Engine Coolant .

Electronics Coolant .

Brake Fluid .

Change the bearings after 5000 hours of operation.

Change the bearings after 5000 hours of use.
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The two 12V batteries supply power to vehicle accessories
(instrument cluster, lights, heater, wipers, cooling systems).
Because there are no accessories setting, leaving the ignition
switch in the ON position when the vehicle is off may deplete
the 12V batteries.

The 12V batteries will accept a jump start from another 12V
battery or a standard 12VDC battery charger.

If the 12V batteries no longer hold a charge, replace them
with batteries of the same size, type and rating.

Check the battery voltage and if either one is below 12.3
volts then:

Jump start the starter battery as you would any vehicle.

If the electronics battery is below 12.2 volts then hook up the
jumper cable or charger for two minutes and then disconnect
the jumper or charger and turn the starter switch key
momentarily to the start position. If the engine fails to start
repeat the process waiting 2 minutes between attempts.

MAN500217B Owner’s Manual Supplement — 2007 Gas-Electric Hybrid
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Description Type Action

Electrical steady A ground isolation fault has been detected. If the light remains

Warning on for a prolonged period of time, notify a qualified service
technician.

Low Voltage Gage The 12V battery is low. Start the vehicle and allow the battery

Warning ) to charge. If an external charge is necessary, jump start using a

iled Light & 12V battery charger or another 12V battery.
arm
Note: Never attempt to jump start the 12V battery from the
high voltage battery pack.

Seatbelts steady Warning to ensure the seat belts are buckled.

Parking Brake steady The parking brake is engaged. To disengage the parking brake,
pull the release lever beneath the dashboard to the left of the
steering wheel.

Park
Brake System steady There is a loss of pressure in the hydraulic system, or the

Failure

power assist system. Regular brakes will not function correctly.
Use the hand brake to slow the vehicle, and pull over at the first
safe opportunity.

18
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Description Type Action
ABS (Anti-lock steady The ABS (anti-lock braking system) is not functional. Care must
Braking be taken when slowing or stopping the vehicle in adverse
System) weather or slippery conditions.
Service steady A vehicle subsystem or module sensor has detected that
Required service is required. Notify a qualified service technician.
flashing A vehicle subsystem or module sensor has detected that
service is required. Notify a qualified service technician. Note
that when this light flashes, it is a more serious fault than when
it is on steady.
Note: The Service Required warning light may illuminate
briefly during system resets; this can be ignored.
Low Oil Gage The engine oil pressure is low. Check the dipstick and add oil
Pressure ] accordingly. If the situation persists, tow the vehicle to a
f:led light & qualified service technician.
arm

MAN500217B
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Emissions

Description Type Action
Low Fuel Gage The engine fuel is low. There is no reserve tank; add fuel
] immediately.
Red light &
Alarm
High Voltage steady The high voltage battery pack is delivering power to the traction
Enabled motor; the vehicle is ready to drive.
Electric
Power Limit steady An event has triggered the powertrain control module to initiate
power restrictions to prevent damage to the vehicle’s operating
systems. The vehicle can be driven at a reduced rate of
acceleration for an unlimited distance, subject to normal
operating conditions (e.g., the engine continues to charge the
high voltage battery pack). Vehicle speed is not affected.
Fault Steady A vehicle subsystem or module sensor has detected that
. o service is required. Notify a qualified service technician.
Critical Misfire - Steady

A motor sensor has detected that service is required. Notify a
qualified service technician.

20
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No. Description Action

Indicates an external battery charger has been Before moving the vehicle, disconnect the external high voltage
connected to the vehicle and is charging the battery charger.
high voltage battery.
Indicates that the vehicle is warming up and it is When light is on while the engine is running, drive the vehicle
normal for this light to illuminate / flash for as normal (however note that while light is on, the vehicle will
approximately 12 seconds after a cold start of run at a reduced power level).
the vehicle. This light can also indicate a pre- ) ) )
charge inhibit, or PCM high voltage lockout. When the light comes on after attempting to start the vehicle (&
This is a typical result of turning the vehicle off the vehicle does not start), key off, wait three minutes and then
and then on again very quickly several times. restart the vehicle
Regenerative Braking System Indicates the Regenerative Braking System is inactive
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Scenario

Possible Cause

Check

Action

Instrument cluster does
not illuminate.

The vehicle is not on.

Ignition switch

Shift to PARK and toggle
the ignition switch to the
START position.

Vehicle is on (instrument
cluster illuminated) but
will not move.

The vehicle has not been
properly started.

Ignition switch

Shift to PARK and toggle
the ignition switch to the
START position.

Vehicle will not start.

The PCM has locked out
the HV system.

Instrument cluster

Wait three minutes, then
restart the vehicle.

Vehicle will not start
(no display, no lights,
etc.).

The 12V battery may be
depleted.

Instrument cluster

Is the 12V LOW VOLTAGE
light illuminated? If yes,
jump start the 12V battery;
see Jump Starting the 12V
Battery

Vehicle is on but will not
move.

The parking brake is
engaged.

Instrument cluster

Release the parking brake.

Vehicle is on but will not
move.

The vehicle is not in the
correct gear.

Gear selection indicator

Does the gear selection
indicator display R, D? If not,
select an appropriate gear.

22
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Scenario

Possible Cause

Check

Action

Vehicle is on but will not
move.

The high voltage system is
not enabled.

Instrument cluster

Is the CAR ON warning light
illuminated? The CAR ON
light indicates whether the
high voltage system is
operational.

Vehicle is on but will not
move.

High voltage battery pack
state of charge too low.

Instrument cluster

Check the battery SOC
gauge.

Vehicle moves, but the
engine will not start.

Power demand is
insufficient.

Driver

Accelerate hard.

Vehicle moves, but the
engine will not start.

Engine is out of fuel.

Instrument cluster

Check the fuel gauge. Add
fuel if necessary.

Vehicle moves, but the
engine will not start.

The powertrain control
module may have initiated
a system override.

Instrument cluster

Is the POWER LIMIT light
illuminated? If yes, limp
home.

Loss of power while
driving

Service required.

Instrument cluster

Is the POWER LIMIT light
illuminated?

High voltage system not
charging

Service required.

Instrument cluster

Tow vehicle.

MAN500217B
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Scenario

Possible Cause

Check

Action

High voltage system not
enabling

Vehicle is not in PARK.

Gear selection indicator

Shift to PARK.

High voltage system not
enabling

Service required.

Instrument cluster

Is the 12V LOW VOLTAGE
light illuminated?

High voltage system not
enabling

Service required.

Instrument cluster

Is ELECTRICAL WARNING
and/or SERVICE
REQUIRED illuminated?

High voltage system not Service required. Instrument cluster —CAR Tow vehicle.
disabling when ignition is ON illuminated

off

Power assist (brakes or Service required. Instrument cluster — Brake Tow vehicle.

steering) not working

warning light

24
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Battery Box — the high voltage battery pack enclosure

CAN SAE J1939 Standard Communication Protocol — a
standardized digital communication protocol with high
electrical noise immunity

Contactor — an electromagnetically actuated relay used to
close an electrical circuit

Conventional Vehicle — a non-hybrid vehicle with an internal
combustion engine

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

DC-DC Converter — a device which converts DC voltage to
another DC voltage

Electric Mode — vehicle operating state which draws existing
power from the high voltage battery pack

Instrument Cluster — electronic dashboard panel that
displays information about vehicle systems (fuel gauge,
temperature gauge, turn signal indicators, speedometer, high
beam indicator, battery state-of-charge, warning lights, gear
selection indicator, odometer, and warning codes).

MAN500217B

Generator — a machine that converts mechanical energy
into electrical energy

Genset — generator set, comprising an internal combustion
engine and a generator

Grade — the degree of inclination of a road or slope
Gradeability — a vehicle’s ability to climb a given grade

Ground Fault — any undesirable current path from a current-
carrying conductor to ground; a circuit short or breakdown in

the electrical insulation between the high voltage bus and the
chassis

High Voltage — voltage exceeding the 12V automotive
standard

High Voltage Bus — high voltage cabling

High Voltage Bus Capacitance — the electrical charge stored
in the large banks of capacitors connected to the high voltage
bus

Hybrid Mode — vehicle operating state which draws power
from the high voltage battery pack while the engine continues
to recharge the high voltage battery pack
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Hybridization — a combination of two or more power sources
or energy storage devices in a drivetrain

Nominal Voltage — designated or theoretical voltage, which
may vary from actual voltage

Power Electronics — any electronic unit which modulates the
(usually high) input current and voltage to be used by an
electrical unit, such as a traction motor

PCM — powertrain control module; controls all vehicle
systems

Prototype — a first full-scale and functional form of a new
type or design of a construction

Regenerative Braking — the conversion of vehicle
momentum into electrical energy during deceleration

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

Traction Drive — electric motor used for vehicle propulsion
mated to a single speed gear drive

Traction Motor — electric motor used for vehicle propulsion
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VDC - volts direct current

Warm-up Period — the time required for the engine to reach
operating temperature after a cold start

Warning Code — illuminated number (steady or flashing)
displayed on the instrument cluster

Warning Light — illuminated icon (steady or flashing)
displayed on the instrument cluster

12V System — any vehicle system which derives power from
the twol12V batteries and/or DC/DC converter
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