
    

 



This document is the property of Azure Dynamics Inc. All rights reserved. Reproduction, in whole or in part, is prohibited without the 

express prior written consent of Azure Dynamics Inc. This document is current with respect to the prototype vehicle at the date of 

printing. Changes made to the vehicle after this date may alter the information, and possibly the safety issues, in this document. 

Ownerôs Manual Supplement ð 2007 Gas-Electric Hybrid Bus  

 

© 2007 Azure Dynamics Inc. 

www.azuredynamics.com 

 

http://www.azuredynamics.com/


    

Ownerôs Manual Supplement 

2007 Gas-Electric Hybrid Bus 





ABOUT THIS SUPPLEMENT 

 Ownerôs Manual Supplement ð 2007 Gas-Electric Hybrid Bus 103844-A 

 

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 ownerôs 

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-W42 Gas-Electric Series Hybrid Bus 
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This vehicle is built on a Workhorse W42 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. 

Powertrain Control Module (PCM)  

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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Generator Set (Genset)  

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. 

Batteries  

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. 

 

 

 

 

 

 

Traction Drive  

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. 

System Hydraulics  

Brakes and steering are power-assisted by a high voltage 

powered motor/pump/inverter assembly. 
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 Ignition/Starter Switch 

There are three positions for the ignition switch 

OFF, ON, and START. 

ACC ð not used 

OFF ð shuts down all vehicle power. Before removing the 

keys, engage the parking brake and shift the gear selector to 

PARK. 

ON ð Enables the 12V system and all vehicle accessories, 

and initiates an instrument cluster bulb check. 

START ð Enables driving. The vehicle will produce a slight 

hum, and the ñelectricò (ñelectricò appears under car symbol) 

light will illuminate in the instrument cluster, indicating 

electrical components have powered up. See also Start-up 

Procedures. 

 

 

Warning: 

 

Before driving, ensure the instrument cluster 
does not display any warning lights or warning 
codes. For warning light and warning code 
definitions, refer to Troubleshooting. 

 

Gear Select ion  Control  
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Hybrid Gears 
 

PARK ð engages a transmission brake, and 
should be used whenever the vehicle is 
parked.  Apply the parking brake before 
shifting to P. 

REVERSE ð 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 ð disables the drive. As a safety 
precaution, use N when towing the vehicle. 

DRIVE ð 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  

Hybrid modifications are essentially transparent to the driver; 

vehicle controls (e.g., acceleration, steering and braking) are 

virtually identical to a conventional vehicle. 

Parking Brake  

Apply the parking brake whenever the vehicle is parked and 

left unattended. 

Foot Brake 

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

activates the regenerative (regen) braking process. REGEN 

uses vehicle deceleration to charge the batteries. 

Accelerato r 

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 ð indicates the level of engine fuel. 

Temperature ð indicates the operating temperature of the 

hottest component, in conjunction with warning codes. 

Turn Signal Indicators (flashing) ð indicates the 

corresponding (left or right) turn signal indicator is on. 

Speedometer ð indicates vehicle speed in kilometres (white) 

and miles (amber). 

Battery Pack State-of-charge ð indicates the available 

charge in the high voltage battery pack. 

High Beam Indicator (steady) ð indicates the headlights are 

set to high. 

Odometer ð 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. 

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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Driving Safety  

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. 

 

Powertrain Control Module (PCM)  

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 driverôs 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. 

Generator S et  (Genset) 

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%). 

 

High Voltage Junction Box  

The high voltage junction box contains potentially lethal 

voltage levels and is sealed. 

High Voltage Battery & Cabling 

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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Coolant Systems 

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. 

 

Warning: 

 

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 removing the coolant cap, turn the ignition 

switch to the OFF position and remove the keys. 

In Case of Fire  

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 (CO2) fire 

extinguisher. Ensure the fire extinguisher always remains 

within reach of the driverôs seat, and replace or refill it after 

each use. 

 

Shock Hazard: 

 

Never use water to extinguish electrical fires; 
doing so greatly increases the risk of shock. 
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Start -up Procedure s 

Pre-start Checklist 

Á Check lights and turn signals. 

Á Check fuel, engine oil and all coolant levels. 

Á Adjust mirrors if necessary. 

Starting the Vehicle 

Á Ensure the parking brake is engaged. 

Á Ensure the gear selection is in the PARK position. 

Á Insert the key and toggle the ignition switch to the 

START position (the ignition switch will return to the ON 

position). 

Á The instrument cluster will initiate a bulb check. 

Á Check for warning lights and/or warning codes. 

Á The HV ENABLED warning light will illuminate, 

indicating the high voltage system is enabled. 

Á Shift to the appropriate gear. 

Á Release the parking brake and begin driving. 
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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 ñWaitò light will flash.  This 

is normal and it is acceptable to drive the vehicle while the 

ñWaitò light is on, however it will be in a power limited mode 

until the ñWaitò 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. 

Hybrid Mode  

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. 

 

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. 

Moving the Vehicle  

Á Follow start-up procedure. 

Á Depress the foot brake. 

Á Shift to the appropriate gear (R, D). 

Á Disengage the parking brake. 

Á Release the foot brake. 

Á 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. 

Creeping in Gear 

The traction motor will continue to move the wheels 

whenever the vehicle is in REVERSE and DRIVE  

 

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. 

 

Shut-down Procedure  

Á Depress the foot brake and come to a complete stop. 

Á Engage the parking brake. 

Á Shift the gear selector to PARK. 

Á Turn the ignition switch to the OFF position. 

Á Remove the keys. 

 

Instrument Cluster  

The instrument cluster contains gauges and warning lights 

which display information about operating conditions and 

communicates any significant issues or events in the 

vehicleôs operating systems. 

To minimize risk of damage to the vehicle, respond 

immediately to warning lights and warning codes. For details, 

refer to Troubleshooting. 

Steering  

The vehicle is equipped with power-assisted steering. In the 

event of electrical failure, the steering will continue to 

operate, but without power assist. 

Braking  

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

event of electrical failure, the brakes will continue to operate, 

but without power assist. 



VEHICLE OPERATION 

14 Ownerôs Manual Supplement ð 2007 Gas-Electric Hybrid Bus  

Regenerative Braking  

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. 

Power Limit ation  

Under certain conditions, the Powertrain control module may 

initiate a system override to prevent damage to the vehicleôs 

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. 

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. 

Gas Electric Mode  

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 ï 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 ñLimp Homeò 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. 

Fuses ð See Label in fuse panel  
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PREVENTIVE MAINTENANCE 

The following describes maintenance specific to the hybrid 

modifications. All other maintenance must be completed in 

accordance with the vehicle ownerôs manual. 

Fluids  and Lubricants  

Engine Coolant 

Check the coolant fluid level daily.  Reference the Workhorse 

Ownerôs Manual for the recommended Engine Coolant. 

Electronics Coolant 

Check the coolant fluid level daily. 

 

Warning: 

 

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

 

Engine Oil 

At least once a week, check the engine oil as described 

in the vehicleôs owner manual.  Reference the Workhorse 

Ownerôs Manual for the recommended engine oil. 

Gearbox Oil 

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

 

Warning: 

 

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

Brake Fluid 

At least once a month, check the brake fluid level. The 

reservoir is located above the master cylinder. Reference the 

Workhorse Ownerôs Manual for the recommended brake 

fluid. 

Note, to bleed the brake lines; refer to the Workhorse 

Ownerôs & Service manuals. 

v 
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PREVENTIVE MAINTENANCE 

 

Power Steering Fluid 

At least once every three months, check the reservoir. Add 

fluid as necessary.  Reference the Workhorse Ownerôs 

Manual for the recommended Power Steering Fluid. 

Drivetrain Inspection  Schedule 

 Daily Weekly Monthly Annually 

Engine Oil  Å   

Gearbox Oil   Å  

Engine Coolant Å    

Electronics Coolant Å    

Brake Fluid  Å   

 

Generator  

Change the bearings after 5000 hours of operation. 

 

 

 

 

 

 

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. 

Traction Motor  

Change the bearings after 5000 hours of use. 

v 
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Jump Starting  the  12V Batteries  

The two 12V batteries supply power to vehicle accessories 

(instrument cluster, lights, heater, wipers, and 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. 

 

 

 

 

Starter Battery                   Electronics Battery 


