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(57) Abrege(suite)/Abstract(continued):
vehicle or a load being transported. The information also Is analyzed to determine how efficiently the industrial vehicle and its

operator are performing In relation to performance benchmarks for the vehicle and in comparison to other industrial vehicles.
Performance of the industrial vehicle can be limited to conserve battery power and restrict recharging the battery to off- peak hours
of an electrical utility. VWhen the sensors detect a malfunction of the industrial vehicle, a fault code Is produced. A service technician
can use that fault code to automatically access repair manuals stored in the computer system of the vehicle and obtain information

for diagnosing and correcting the malfunction.
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Abstract

An 1ndustrial vehicle has a controller connected to a plurality of sensors for accumulating
information related to operation of the vehicle. The controller employs that information in
governing further vehicle operation to reduce the likelihood of damage to the vehicle or a load
being transported. The information also is analyzed to determine how efficiently the industrial
vehicle and its operator are performing in relation to performance benchmarks for the vehicle
and 1n comparison to other industrial vehicles. Performance of the industrial vehicle can be
limited to conserve battery power and restrict recharging the battery to off-peak hours of an
electrical utility. When the sensors detect a malfunction of the industrial vehicle, a fault code
1s produced. A service technician can use that fault code to automatically access repair
manuals stored in the computer system of the vehicle and obtain information for diagnosing

and correcting the malfunction.
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SYSTEM FOR MANAGING
OPERATION OF INDUSTRIAL VEHICLES

This is a divisional of Canadian National Phase Patent Application Serial

No. 2,721,463 filed on April 15, 2009.

Cross-Reference to Related Applications

[0001] This application claims benefit of U.S. provisional patent application No.
01/046,247 filed on April 18, 20Q08.

Background of the Invention
1. Field of the Invention

[0002] The present invention relates to industrial vehicles, such as lift trucks; and more
particularly to a system for sensing performance characteristics of an industrial vehicle

and using those characteristics to manage the aperation of the vehicle.

2. Description of the Related Art

[0003] Industrial vehicles of various types, including material handling vehicles, are
used to move items inside a factory, a warehouse, a freight transfer station, a store, or
other type of facility. In order to effectively and efficiently operate a warehouse, for
example, it is important to ensure that the equipment and employees are as productive as
possible. Recent studies, in fact, have indicated that 70 percent to 80 percent of the cost
of owning and operating an industrial vehicle is attributed to labor. For a warehouse to
‘compete on the global level, continually improving operator productivity is vital to
reducing co sfs. Ta meet these goals, warehouse management systems are frequently
employed to control inventory, ensure proper maintenance of equipment, and to monitor
operator and equipment efficiency. In these warehouse management systems, a
centralized computer system monitors inventory flow, use of the industrial vehicle,

vehicle maintenance status, and operator performmance.

[0004] To provide these functions, data is gathered from each industrial vehicle.
In order to gather the data, wiring harnesses and sensors typically are added to the
industrial vehicle after manufacture, often after delivery to the warehouse. These
wiring harnesses connect sensors and other devices to a dedicated onboard computer,

and provide a number of connection points within the vehicle. Because of the large
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number of connection points, these add-on systems are susceptible to failure. In
addition, the post-manufacture sensors provide only limited information and can be

inaccurate. Thus a more optimized system for monitoring a vehicle’s performance

and operation is desired.

[0005] Sate operation of an industnial vehicle requires, operator training and skill,
good lift truck maintenance and a safe workplace with approprately configured lift
trucks. Fragile loads sometimes fall off and are damaged when the operator drives the
industrial vehicle too fast for condittons in the warehouse. Also certain warehouse
environments, such as cold storage areas and areas with potentially explosive
atmospheres, require spécial industrial vehicles that are designed to operate in such
environments. For example, Standard UL 583, promulgated by the Underwriters
Laboratories of Northbrook, IL, U.S.A., specifies “spark proof” characteristics for a
Type EE industrial vehicle for use in areas where flammable materials are stored. A
potential hazard exists when a vehicle that is not Type EE rated is used 1n such storage

arcas.

[0006] As industrial vehicles have gotten more sophisticated, with computerized
controls for example, maintenance practices have had to change accordingly. A
particular lift truck model may have numerous optional features that a user may
choose to have added during manufacture. Typically a dealer dispatches a service
technician to the warehouse or factory to perform maintenance and repairs on an
industrial vehicle. The service technician needs to know exactly which application
specific options and features have been incorporated into the vehicle being serviced
and may need access to any of several service manuals associated with the particular
vehicle model and the installed options and features. This means that in order to
service a complete product line of industrial vehicles and different models which have
been manufactured over many years, the service technician has to be able to access a
sizable library of manuals and supplementary materials when in a warehouse or

factory.
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Summary of the Invention
[0007] An mdustrial vehicle has a computerized controller that receives data from a
plurality of sensors which monitor different operating parameters of the vehicle. The
industrial vehicle has components that communicate wirelessly via a bidirectional
warehouse communication system with a computer system at a facility, such as a
warehouse or a factory, where the vehicle operates. This enables data regarding the
operating parameters to be sent to the computer system and enables the industrial vehicle
to recelve data and commands from the computer system. Additionally, the warehouse
communication system is connectable through a network, such as the Internet, to remote
computers, such as at the headquarters of the company that operates the facility and at the

manufacturer of the vehicle.

[0008] The controller on the industrial vehicle in communication with other computers
enables implementation of various functions which control operation of the vehicle. One
function limits vehicle operation to assist in protecting fragile loads from being damaged
by a carcless operator. The control system on the vehicle reads an indicator on a load
being transported by the industrial vehicle and determines from that indicator whether the
load requires delicate handling. If that is the case, operation of the industrial vehicle is
limited to provide such delicate handling. For example, the speed and/or rate of

acceleration of the vehicle may be limited to lower than normal levels.

[0009] In different embodiments, reading the indicator on a load employs either a
radio frequency identification tag reader, a bar code reader, or a device that utilizes a
communication protocol defined by IEEE standard 1902.1 promulgated by The Institute
of Electrical and Electronics Engineers, Inc., New York, NY, U.S.A.

[0010] Another function accumulates data regarding operation of the industrial vehicle
to transport loads and analyzes that data to evaluate the vehicle performance. Here, a
sensor detects when a load 1s being transported, and the controller onboard the industrial
vehicle counts each load, thereby compiling load data. Additional types of data, such as
for example, the weight of each load and the time that each load is being transported, also
may be detected and added to the load data.



64181-335D1

CA 02937963 2016-08-04

[0011] The controller responds to a given event by wirelessly transmitting the load data
via a communication system to a computer system. For example, the controller may
tabulate the load data every hour or every work shift, at the conclusion of which, the load

data is transmitted to the computer system at the facility in which the vehicle operates.

[0012] The computer system transforms the load data into performance data denoting
opcrational efficiency of the industrial vehicle. For example, the load data from one
industrial vehicle is compared to similar data from other industrial vehicles at the facility

or at a plurality of facilities. Such caparisons provide an efficiency evaluation of the

performance of one vehicle or one operator.

(0013] In another case, the location of an industrial vehicle at a facility is detected,
such as by using the global positioning satellite system or signals from a wireless
communication system. At least one restricted area is defined at the facility. The
location information is employed to determine when the industrial vehicle 1s within the
restricted area, in which event operation of that vehicle is limited. For example, vehicle

operation is disabled upon entering the restricted area.

[0014] In another aspect of this method, an alert area also is defined at the facility,
such as in front of an entrance to the restricted area. When the location of the industnal
vehicle is determined to be within the alert area, a notification is issued, for example to

remind the vehicle operator of the proper operating guidelines.

[0015] Another function involves operating the industrial vehicle to utilize battery
power efficiently. The battery is recharged when necessary by electricity from a utility
company, which charges a first rate for electricity delivered during a first period of a day
and charges a higher second rate for electricity delivered during a second period of the
day. Operation of the industrial vehicle during the second period is limited to prolong

battery life. For example, the maximum speed of travel is limited to lesser than normal at
that time. Thus when the battery is required to be recharged, that recharging likely will

occur during the first period of a day when a lower electric rate 1s in effect.

[0016] Servicing the industrial vehicle is facilitated by a process in which vehicle

repair mformation 1s stored in a database implemented by a computer system. Upon
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occurrence of an operating problem, the industrial vehicle generates a fault code designating

the operating problem. The fault code 1s used to access the database and obtain the repair

information associated with the operating problem.

- [0017] In one embodiment, the repair information describes a process for diagnosing

the cause of the operating problem and 1dentifying components which require replacement.
Thereatter, other repair information 1s accessed which describes a process for replacing the

component of the industrial vehicle which caused the operating problem.

[0017a] In another embodiment of the invention, there 1s provided a method for
controlling an industrial vehicle that 1s powered by a battery that is recharged as necessary by
electricity from a utility company, wherein the utility company charges a first rate for
electricity delivered during a first period of a day and charges a higher second rate for
electricity delivered during a second period of the day, said method comprising: operating the
industrial vehicle in a limited manner, via a vehicle controller, to carry loads during a
restricted operation time period to prolong battery life so that recharging is not required until
the first time period of the day; and enabling unrestricted operation of the industrial vehicle,

via a vehicle controller, during an unrestricted operation time period.

[0017Db] In another embodiment of the invention, there is provided a method for
controlling an industrial vehicle that is powered by a battery that 1s recharged as necessary by
electricity from a utility company, wherein the utility company bills at a first monetary rate

for electricity delivered during a first time period of a day and bills at a higher second
monetary rate for electricity delivered during a second time period of the day, said method
comprising: operating the industrial vehicle in a limited manner, via a vehicle controller, to
carry loads during the second time period to prolong battery life so that recharging is not
required until the first time period of the day; and enabling unrestricted operation of the

industrial vehicle, via a vehicle controller, during the first time period.

[0018] These and other aspects of the invention will become apparent from the

tollowing description. In the description, reference is made to the accompanying drawings

- which form a part hereot, and in which there is shown a preferred embodiment of the

-5-
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invention. Such embodiment does not necessarily represent the full scope of the invention

and reference is made therefore, to the claims herein for interpreting the scope of the

invention.

Brief Description of the Drawings

5 [0019] Figure 1 is a perspective view of an industrial vehicle including a system that
provides wireless communications between a vehicle controller and a warchouse computer

system In accordance with the present invention;

10020] Figure 2 1s a block diagram of a control system of the industrial vehicle;

(0021} Figure 3 1s a back view of the industrial vehicle with a housing removed to

10 . illustrate connection of wireless communication transceiver to the industrial vehicle;

0022] Figure 4 1s an enlarged section of Figure 3, that 1s indicated by a dashed oval,
1llustrating connections to a terminal strip for coupling the wireless communication

transceiver to a wiring harness 1n the industrial vehicle;

[0023] Figure 5 1s a circuit diagram of the wiring harness;

- 5q -
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[0024] Figure 6 depicts an exemplary vehicle fleet management system in which
industrial vehicles in 2 warehouse communicate via a network with a central computer in

the warehouse that 1s linked to a remote database to which other computers have access;
[0025] Figure 7 is a block diagram of the centralized comp'uter in the warehouse:

[0026] Figure 8 1s a flowchart of a software routine that is executed by the control
system of the industrial vehicle to manage operation while transporting fragile loads;

[0027] Figure 9 is a flowchart of a software routine that enables the industrial vehicle
to accumulate data about the loads that are transported;

[0028] Figure 10 is a flowchart of a software routine that is executed by the control

system of the industrial vehicle to prevent operation in restricted areas; and

[0029] Figure 11 1s a floor plan of part of the warehouse with an area to which access
1s restricted to only certain types of industrial vehicles.

Detailed Description of the Preferred Embodiment

(0030] The present invention relates to the operation of an industrial vehicle.
Although the invention is being described in the context of a stand-up counterbalanced
lift truck used at a warchouse, the inventive concepts arc applicable to other types of
industrial vehicles, and specifically material handling vehicles, and their use in a variety
of facilities, such as a factories, a warehouses, freight transfer stations, and stores, for

example.

[0031]  With initial reference to Figure 1, an industrial vehicle 10, specifically a lift
truck, includes an operator compartment 11 with an opening 19 for entry and exit by the

operator. Assoclated with the operator compartment 11 are a control handle 14, a floor

switch 13, and steering wheel 16. An anterina 75 for wireless communications with an
external warehousing system is coupled to the industrial vehicle 10 and 1s, as described
more fully below, connected to an internal vehicle controller 12 (Figure 2) to provide
bidirectional communications with a warchousing system. Although the industrial

vehicle 10 which is shown by way of example as a standing, fore-aft stance operator

-6~
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configuration reach truck, it will be apparent to those of skill in the art that the present
invention is not limited to vehicles of this type, and can also be provided in other types of
industrial vehicle configurations including, without limitation, material handling vehicles,
pallet trucks, hift trucks, orderpickers, sideloaders, stacker/retrieval machines, reach
trucks, swing reach trucks, tow tractor, counterbalanced fork lift vehicles, and other
industrial trucks. Furthermore, even though the present inventive concepts are being
described in the context of a battery powered vehicle, they apply equally well to vehicles

with mternal combustion engines.

[0032] Referring now to Figure 2, a block diagram of a control system 20 for a typical
industrial vehicle 10 in which the present invention can be provided is illustrated. The
control system 20 comprises a vehicle controller 12 which is a microcomputer based
device that includes memory 24 and input/output circuits. The input/output circuits
recelve operator input signals from the operator control handle 14, the steering wheel 16,
a key switch 18, and the floor switch 13; and provide command signals to each of a lift
motor confrol 23 and a drive system 25 including both a traction motor control 27 and a
steer motor control 29. The drive system 25 provides a motive force for driving the
industrial vehicle 10 in a selected direction, while the lift motor control 23 drives load
carrying forks 31 along a mast 33 to raise or lower a load 35, as described below. The
industrial vehicle 10 and vehicle controller 12 are powered by one or more batteries 37

that are electrically coupled to the vehicle controller, drive system 25, steer motor control
29, and lift motor control 23 through a bank of fuses or circuit breakers 39.

{0033] As noted above, the operator inputs include a key switch 18, floor switch 13,
steering wheel 16, and an operator contro] handle 14. The key switch 18 is activated to
apply power to the vehicle controller 12, thereby enabling the industrial vehicle 10.
The floor switch 13 provides a signal to the vehicle controller 12 for operating the
brake 22 to implement a deadman braking function that disables motion of the vehicle

unless the floor switch is activated by the operator.

[0034] Rotation of the operator control handle 14 in a vertical plane provides a travel
request signal to the vehicle controller 12 that indicates a travel direction and speed for

the industrial vehicle 10. A four-way switch 15 located on the top of the handle 14

272



64181-335D1

CA 02937963 2016-08-04

provides a tilt up/down function when activated in the forward and back directions and

a side shift right and left function when activated to the right and left directions. A
plurality of control actuators 41 located on the handle 14 direct a number of additional

functions, and can include, for example, a reach pushbutton, a retract pushbutton, and a
horn pushbutton as well as a potentiometer providing a lift function. A number of other

vehicle functions also can be provided depending on the construction and intended use
of the industrial vehicle 10.

[0035] The traction motor control 27 drives one or more traction motors 43 which is
connected to a propulsion wheel 45 to provide motive force to the industrial vehicle. The
speed and direction of the traction motor 43 and the associated propulsion wheel are
designated by the operator via the operator control handle 14, and are monitored and
controlled through feedback derived from a rotation sensor 44. The rotation sensor 44
can be an encoder or motion sensor coupled to the traction motor 43 and the signal
therefrom is used to measure the distance that the vehicle travels. The rotation sensor
signal is used to increment a software implemented odometer on the vehicle. The
propulsion wheel 45 is also connected to friction brake 22 through the traction motor 43,
to provide both a service and parking brake function for the industrial vehicle 10. The
friction brake 22 can be spring-activated so that it defaults to a “brake-on” state, such that
the floor switch 13 and associated brake 22 therefore provide the deadman braking
function. The operator must provide a signal indicating that the deadman brake is to be
released to drive the industrial vehicle, here provided by the floor switch 13, as described
above. The traction motor 43 is typically an electric motor, and the associated friction

brakes 22 can be either electrically operated or hydraulically operated devices. Although
one friction brake 22, traction motor 43, and propulsion wheel 45 are shown, the

industrial vehicle 10 typically includes a plurality of these elements.

[0036] The steer motor control 29 is connected to drive a steer motor 47 and
associated steerable wheel 49 in a direction selected by the operator by rotating the
steering wheel 16, described above. The direction of rotation of the steerable wheel 49

determines the direction that the industrial vehicle 10 travels.
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[0037]  The lift motor control 23 sends command signals to control a lift motor 51
which is connected to a hydraulic circuit 53 that form a lift assembly for raising and

lowering the forks 31 along the mast 33, depending on the direction selected at the
control handle 14. In some applications, the mast 33 can be a telescoping mast, in
which case the hydraulic circuit also raises and lowers the mast. As shown here, a
height sensor 59 is provided in the mast contral system to provide a signal to the
vehicle controller 12 indicating the height of the mast 33. The height sensor 59 can be,
for example, an encoder, a flow sensor in the hydraulic system, a light beam, or other
types of sensors. Similarly, a weight sensor 57 is provided on the forks 31. The weight
sensor 57 can be, for example, a load cell, strain gauge, light beam or pressure sensor in
the [ift system and provides a signal to the vehicle controller 12 that indicates whether a
load is on the forks, and a weight of &10 load. A load sensor 58 is mounted on the mast
to obtain an identification of the goods being transported. The load sensor 58, may be,
for example, a radio frequency identification (RFID) tag reader, a Rubee™ device that
complies with IEEE standard 1902.1, a bar code reader, or other device capable of
reading corresponding identifiers on the goods or the pallet that holds the goods .

[0038) In addition to providing confrol signals to the drive and lift control systems,
the vehicle controller 12 fumishes data to a display 55 that presents information to the
vehicle operator. That information can include, for example, a number of pallets
moved, a number of pallets moved during a period of time (e.g. per hour or per work
shift), an average number of pallets moved by the vehicle per day, the weight of each
pallet or load, and identification of the goods being transported. In addition, the display
indicates vehicle operating parameters, such as for example, the speed of travel, battery
charge level, hours of operation, time of day, and maintenance nceded to be performed.

Although not shown here, temperature sensors can also be included to monitor the

temperature of the motors and other components. As used herein the terms “speed of
travel™ and “travel speed” refer to the rate at which the industrial vehicle 10 moves
across the floor of the warehouse. Furthermore, the functions stated hereinafter of
restricting or limiting the speed of travel refers to reducing that speed from the level
that otherwise could be attained by the industrial vehicle. In other words, the operator

CA 2937963 2018-07-20
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would be able to drive the industrial vehicle at a greater speed, if such restricting or

limiting did not occur and is not warranted.

[0039] Referring still to Figure 2, a number of data input and output devices can also
be connected to the vehicle controller 12, including, for example, vehicle sensors 66 for
parameters such as temperature and battery charge level, a user input device 67, a GPS
receiver 68, a communication port 69, and a maintenance service port 72. The user
input device 67 allows the operator, a supervisor, or other personnel to enter data into
the vehicle controller 12, and can be implemented as a touch screen in display 55, a
keyboard, a series of discrete pushbuttons, a mouse, joystick or other input device as

will be apparent to those of ordinary skill in the art.

[0040] The communication port 69 is connected to a wireless communication device
71 that has an antenna 75 for exchanging data with a communication system in the
warehouse or factory in which the industrial vehicle 10 operates. The wireless
communication device 71 includes a transceiver 73 for transmitting messages to and
receiving messages from the warehouse communication system. Preferably the
transceiver employs radio frequencies, although other optical, ultrasonic and other forms
of wireless communication can be used. Any one of several cbmmunication protocols
such as Wi-Fi can be used to exchange messages and data via that communication link.
Each industrial vehicle 10 has a unique identifier that enables messages to be specifically
communicated to that vehicle. The unique identifier may be the serial number of the
industrial vehicle or a unique address on the warehouse communication system. The
unique identifier usually is included in every message sent to and from the industrial

vehicle 10, however some messages are broadcast to all the industnal vehicles in the

warehouse by using a broadcast identifier to which all vehicles respond.

[0041] Referring now to Figures 3-5, the communication port 69 1s provided in the
wiring harness of the industrial vehicle 10 adjacent a housing for the vehicle controller
12. The wireless communication device 71 includes a mating connector that can be
connected directly to the communication port 69. As shown here, additional
connections are made to a terminal strip to provide power connections to the battery 37.

However, it will be apparent that battery power could also be routed directly through

-10-



64181-335D1

CA 02937963 2016-08-04

additional terminals of the communication port 69. This connection allows the
transimission of sensor data, operational state data, and switch and control state data
from the vehicle controller 12 to external equipment. Additionally, because of the
direct connection to the vehicle controller 12, the wireless communication device 71
can receive commands from external equipment and to provide those commands to the
vehicle controller. Such commands may limit the speed or acceleration of the vehicle,

provide data on a display, and disable vehicle operation, as well as contro! other

functions of the vehicle, as described more fully below.

[0042] Referring again to Figure 2, the vehicle controller 12 stores data regarding the
operation of the industrial vehicle 10. That data can include number of hours in
operation, battery state of charge, and fault codes encountered. The hours of operation is
calculated as a function of the time that the key switch 18 is closed, that the vehicle
controller 12 floor switch 13 is depressed, that the lift motor 51 is active, or that the
industrial vehicle 10 is traveling based on feedback from rotation sensor 44 connected to
the traction motor 43. In addition, operation of the lift can be monitored using the fime
that the lift motor 51 is active. Various speed parameters such as speed and acceleration
of the vehicle and of the mast 33 can also be monitored. The vehicle operational data is

collected and stored in a memory or other storage device within the vehicle controller 12.

[0043] The vehicle operational data also can include an operator identifier, such as a
name or employee number, which is entered through a user input device 67 into to the
vehicle controller 12. Additionally, operator checklists, including those mandated by
the U.S. Occupational Safety and Health Administration (OSHA), can be presented to
the operator via the display 55. Data acquired from these checklists can be associated
with the operator along with data related to that person’s driving parameters. For
example, average vehicle acceleration rates and speeds may be monitored, as well as
collision data, number of pallets moved, or other data useful in monitoring operator

performance and efficiency. The operator employs the user input device 67 to enter

responses to the checklist items.

{0044] Reterring now to Figure 6, a warehouse 100, in which one or more industrial

vehicles 10 operates, includes a communication system 102 that links the vehicles to a

-11-
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centralized warechouse computer system 104. The communication system 102 includes
a plurality of wireless access points 106 distributed through a warehouse 100, such as in
a shipping dock and goods storage areas. The wircless access points 106 are wireless
transceivers that are connection via a conventional local area network 105 or a TCP/IP
communications link to the centralized warehouse computer system 104. Alternatively
the wireless access points 106 can be wirelessly coupled, such as through a Wi-Fi link,

to the warehouse computer system 104.

[0045] With reference to Figure 7, the warehouse computer system 104 includes a
processor 80 which executes program instructions stored 1n a memory 82 that forms
part of a storage system 83. The processor 80 is a commercially available device
designed to operate with a Microsoft Windows® operating system, for example. It
includes internal memory and I/O control to facilitate system integration and integral
memory management circuitry for handling all external memory 82. The processor 80

also includes a bus driver which provides a direct interface with a multi-bit bus &4.

[0046] The bus 84 is an industry standard bus that transfers data between the processor

80 and a number of peripheral devices. Those devices include a disc controller 86 which

provides a high-speed transfer of data to and from a CD ROM drive 88 and a hard disk
drive 90. A graphics controller 91 couples the bus 84 to a standard monitor 92 through a

standard VGA connection 94, and a keyboard and mouse controller 95 receives data that
is manually input through a keyboard 93 and mouse 97. The bus 84 also connects to a
vehicle communication interface 96 that connects to the wireless access points 106, and
an internet interface 98 is provided to link the warehouse computer system 104 to the

Internet.

[0047] Returning to Figure 6, the management computer system 114 at the
headquarters of the warehouse company is similar to that described for the warehouse
computer system 104 in so far as the present invention is concemed, except that 1t is not
connected via the local area network 105 to the wireless access points 106. Thus both
warehouse coinput.er system 104 and the warehouse management computer system 114
execute the same software for storing, analyzing and reporting the operating information

for the industrial vehicles.

_12-
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[0048] The connection of the warehouse computer system 104 to the Internet 108, or
other external communication network, couples the warehouse computer system to a
database 110 that stores vehicle specific data provided by the manufacturer from a
manufacturer computer 112. Selected data can also be accessed by, for example,
warehouse management personnel or vehicle dealers, who can connect to the database

110 through the Internet 108 by way of an extranet or similar system.

[0049] Data stored in the database 110 can be accessed with reference to the serial

number of a specific vehicle or a model number and includes, for example, the following:

Vehicle documentation and parts & service manuals,

Field service bulletins and other information,

Options added (vehicle modification history),

As built Bill of Materials,

As built vehicle performance information,

Service and replacement parts history,

Operating history (impacts, hour meters, fault codes, age),
Use history (hour meters, fault codes, battery state-of-charge),
Sale/resale history, and

Projected end of service date.

Data in the database 110 can be associated with the serial number of a specific vehicle.
This serial number can be used to access detailed information about a particular vehicle.
Additionally, based on the serial number, the appropriate vehicle documentation, parts

and service manuals, and field service bulletins or other information can be accessed.

[0050] Referring still to Figure 6, during typical operation, each industrial vehicle 10
in a warehouse transmits messages containing operational data and its serial number

through antenna 75 and communication system 102 to the warechouse computer system
104, which stores the information. The data can be transmitted continuously while the

vehicle is operating, at defined time periods, or at the end of a shift. Information

gathered from each vehicle 10, then 1s relayed occasionally through the Internet 108 to

-13-
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the database 110 and also may be sent to the warehouse management computer system

114 at the headquarters of the warchouse company.

[0051] Because of the bidirectional communications between the vehicle controller
12 and the warechouse communication system 102, the warehouse computer system 104
can also control vehicle operational parameters. In particular, the system can control
the maximum travel speed and acceleration of the industrial vehicle in both the forward
and reverse travel directions. Additionally, the mast velocity and acceleration can also
be controlled, in both up and down directions. Other vehicle functions, such as the
horn, can also be activated by the warehouse computer system 104, as an alarm when

certain operating conditions are dctected.

[0052] Thus, for example, the warehouse control system can correlate the work
intensity of a vehicle to the level of wear experienced by key components. For example,
if a temperature sensor indicates that the component temperatures are rising at a higher
than expected rate, but the overall level of productivity is not excessive, it could be
concluded that an operator is using the industrial vehicle very hard for a period and then
sitting idle. To prevent overheating of the vehicle, the warehouse communication system
can limit both the acceleration and maximum speed of the industrial vehicle. The vehicle
operation parameters, such as speed and acceleration, can also be limited to control

energy consumption of the vehicle, and to promote “green” vehicle usage.

[0053]  The data accumulated by the vehicle controller 12 and stored within 1ts
memory 24 can be used for a variety of purposes in controlling the operation of the
mdustrial velicle 10. One function is to limit the speed and acceleration of the vehicle
when a fragile load is being transported. This is accomplished by detecting the
characteristics of the load each time that the forks 31 are raised or lowered along the mast

33 as depicted in Figure 2. When the vehicle controller 12 sends a motion command to

the hift motor control 23, the controller also commences executing a software load control

routime 120 represented by the flowchart in Figure 8. That routine commences at step
122 where the vehicle controller inspects the signal from the weight sensor 57 on the fork
hit system. If that signal indicates that the forks 31 are not transporting a load, the

routine immediately branches to step 132 at which normal operation of the vehicle is
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restored before the routine ends. Such restoration of normal operation occurs when a

previously carried load i1s removed from the forks and the weight sensor 57 indicates no
load.

[0054] Alternatively, when the weight sensor 57 indicates that the forks are now
carrying a load at step 122, the routine advances to step 124 where the vehicle controller
12 reads the signal from the load sensor 58 that is mounted on the mast 33 or the forks 31
so as to read an indicator that is either on the load 35 or the pallet 56 on which the load 1s
held. As noted previously, the load sensor 58 may be any one of a number
conventionally known devices for obtaining information from an object. Examples of
such sensors include a radio frequency identification tag reader, a Rubee™ device that
complies with IEEE standard 1902.1, or a barcode reader. These devices read indicator
from the load or pallet which identifies the load being carried. For example, each pallet
56 may have a unique identifier thus distinguishing that pallet from the other pallets n
the warehouse. Regardless of whether the indicator is on the load 35 or the pallet 56 the
signal from the load sensor 58 is referred to as “the load identifier”.

[0055] Then at step 126, the vehicle controller sends an inquiry message via the
communication port 69 and the wireless communication device 71 in Figure 2 to the
warchouse communication system 102 in Figure 6. That inquiry message contains the
unique identification number assigned to that industrial vehicle 10, which is used as the
vehicle’s address in the warehouse communication systern 102. The inquiry message
also contains the load identifier which has just been read and a notation that the message
is requesting information about that load. The inquiry message is transmutted from the

industrial vehicle 10 to the warehouse communication system access point 106 which is

nearest to the industrial vehicle. Upon receipt, the access point 106 forwards that
message via the local area network 105 to the centralized warehouse computer system

104. When forwarding the inquiry message, the particular access point 106 includes its

local area network address.

[0056] The warchouse computer system 104 recognizes that incoming message as a
load query from an industrial vehicle and responds by extracting the load identifier

from that message. The load i1dentiiier 15 then utilized to access a database which
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contains characteristics of the materials that are on each palilet within the warehouse
100. Specifically, that database information is indexed by the load identifier enabling
the warehouse computer system 104 to obtain mformation about the characteristics of a
particular load. Among those characteristics is an indication of whether the load is
fragile and thus requires delicate handling. That fragility indication is conveyed by the
warchouse computer system 104 in a reply message that 1s addressed to the industrial
vehicle 10 that sent the query. In particular, the industrial vehicle identification number
that was carried by the inquiry message is copied into the reply message as the address
of the intended vehicle recipient. The local area network address of the particular
access point 106 that processed the inquiry message also is included. The formulated
reply message is then transmitted by the warehouse computer system 104 via the local
area network 105 to the designated access point 106, which then transmmuts the reply

message wirelessly to the specified industrial vehicle. Alternatively, the reply message

can be sent to all the access points 106, so that the reply i1s broadcast throughout the

entire warehouse 100 in case the industrial vehicle 10 has moved out of range of the

original access point 106.

[0057] Referring again to Figure 8 along with Figure 2, upon receiving the reply
message {from the warchouse computer system 104, the load control routine 120
executed by the vehicle controller 12 advances to step 128, where the message contents
are read to determine whether a fragile load is indicated. If so, the program execution
advances to step 130 where the vehicle is set to restricted operation to provide delicate
handling of the load. That type of handling can be indicated by setting a fragility flag
in the memory of 24 of the vehicle controller 12, which is read every time the operator
desires to operate the traction motor 43 or the lift motor 51. A set fragility flag causes
the vehicle controller 12 to limit the commands sent to the traction motor control 27 and
the lift motor control 23. Thus regardless of the desired motion indicated by the
operator’s manipulation of the control actuators 41, the vehicle controlier 12 limits the
travel speed and rate of acceleration of the traction motor 43 and thus those parameters
of the industrial vehicle 10. The speed at which the load is raised and lowered also is

limited by restricting operation of the lift motor 51. As a consequence, when a fragile or
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delicate load is being carried, the industrial vehicle is operated in a mauner that js less

likely to disturb or damage the load.

[0058] If, however, the reply message indicates that the load is not fragile, the load
control routine 120 branches from step 128 to step 132 at which the fragility flag within
the vehicle controller memory 24 is reset to enable full, normal vehicle operation. This

removes any restrictions on the speed or acceleration and thus the vehicle can operate at

the maximum levels of those parameters.

(0059]  Although it is generally desirable to assign a unique identifier to each pallet of
materials within the warehouse so that the particular contents of the load can be identified
for other purposes, the indicator on the load 35 or pallet 56 may simply designate whether
or not the load is fragile. In other words, the indicator is not unique to a particular load,
but one form of the indicator is used on all fragile load and another form is used on all
non-fragile loads. In this case, the vehicle controller 12 does not have to interrogate the
central warehouse computer system 104 for the fragility information, but can determine
onboard whether the load is fragile and thus operate the traction motor accordingly. In
this latter case, each industrial vehicle is controlled autonomously.

[0060] In either situation, when the industrial vehicle 10 deposits the load at the end
of its transportation and the forks 31 are empty, that condition is detected at step 122 as

there being no load on the forks. As noted previously in this condition, a branch occurs

to step 132 where the vehicle is reset to normal operation unti! another fragile load is
defected.

[0061) Referring to Figures 2 and 9, the load weight sensor 57 can also be utilized to

implement another function that tracks the performance and efficiency of the industrial
vehicle 10. This function is performed by a load performance routine 170 executed by

the vehicle controller 12 each time that the lift motor 51 is operated at which time the

signal from weight sensor 57 is examined at step 172 to determine whether a new Joad
has just been picked up. Alternatively the load sensor 58 may be used to determine the

presence of a load 35 on the forks 31, however, unless a weight sensor 57 also is included

on the vehicle, this technique does not permit monitoring the weight of each load. With
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either approach, a load flag in the memory 24 denotes whether a load 1s present on the
forks 31. Therefore, if the weight sensor signal indicates a load on the forks, the routne
advances to step 174 at which the load flag is examined. If the load flag already has been

set, as occurs when a load was picked up previously, the routine ends until the lift motor

51 is operated again.

[0062] Alternatively, finding the load flag not set at step 174 denotes that a new load
was just picked up. Now the routine branches to step 176 at which the load flag is set.
Then at step 178, a count of the loads stored in memory 24 1s incremented. Next the
weight of the new load is determined at step 180 using the signal from the weight sensor
57 and the resultant value is stored in a load data table maintained in the memory 24.
The length that each load is transported by the industrial vehicle 10 also is measured by
starting a load timer at step 182, and a measurement of the travel distance commences by
storing the present odometer value at step 183. Thereafter the load performance routine

170 terminates until the lift motor 51 1s operated again.

[0063] If upon commencing execution of the load performance routine at step 172, a
load. is not found on the forks 31, a branch occurs to step 184 where the load flag is
examined. Ifthe load flag is set, then a load was just removed from the forks. This
determination causes step 186 to be executed which resets the load flag to denote empty
forks. Then at step 188, the load timer is stopped and at step 190 the load transport
time is stored in the memory 24 with the other data for that load. Next at step 191, the
odometer is read and the travel distance and average speed for that distance are
computed and stored as part of the load data, before advancing to 192. Otherwise if at
step 184 thc. load flag was found to denote empty forks, the load performance routine
jumps directly to step 192 without storing any load data. The load data thus includes a
load count, load weights, transport time, travel distance and average speed and may
include other types of data, such as power consumption and idle time, pertaining to

operation of the industrial vehicle.

10064] The load data accumulated in this manner are tabulated during a predefined
period, such as an hour, a work shift, or a day. The end of that predefined period can

be determined at step 192 by the vehicle controller 12 reading a real time clock,
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which event causes the control system 20 to wirelessly transmit the load data via the
warchouse communication system 102 to the warehouse computer system 104 at step
194. Instead of using a real time clock, the transmission of the load data may occur in
response to a command received from the warehouse computer system 104, which
sequentially sends such commands to all the industrial vehicles in the warehouse.
After the transmission of the load data, the controller’s memory 24 is cleared at step

196 for another data acquisition period.

[0065] The central warehouse computer system 104 receives similar load data from
all the other industrial vehicles 10 within the warehouse 100. In the present example,
the central warehouse computer system 104 in Figure 6 analyzes load data to
determine the performance and efficiency of each vehicle. The analysis of the
performance and efficiency of a vehicle may employ benchmark data from the

manufacturer and data gathered from vehicle operation at the warehouse.

[0066] Manufacturers of industrial vehicles typically conduct productivity tests that
characterize the performance of a particular vehicle model. For example, a
standardized test may be defined as a picking up a standard weight load at a specified
height, transporting the load over a predefined path of a known distance, depositing the
load at a given height, and traveling back to the starting point. During this action
sequence, the vehicle operating parameters are sensed and stored. The action sequence
is repeated several times to measure the number of such cycles that the vehicle 1s
capable of performing per hour and produce average values for the vehicle operating

parameters. This provides productivity benchmark data for that vehicle model.

[0067] The operational data from each industrial vehicle in the warehouse 1s
compared to the productivity benchmark data to determine whether every vehicie 1s
operating according to the manufacturer’s specifications. Each vehicle’s operational
data also is compared to similar data produced by the other warechouse vehicles during
the same time period to detect if one or more of them is operating significantly less
efficiently than the others. Significant deviation from the benchmark data or the
performance of the other vehicles of the same type at the warehouse indicates either a

rmechanical problem or an inefficient operator. Such deviations are reported to
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supervisory personnel at the warehouse to assist them in executing their duty to

supervise operators and otherwise manage warchouse operations.

[0068] Recently gathered operational data also is compared to similar data gathered
over past work periods at the warchouse from the same industrial vehicle and other
vehicles of the same type or model. Significant changes in the current data from that

gathered in the past also are reported to warehouse supervisory personnel.

[0069] The data can also be utilized to determine the amount of time between loads
for each industrial vehicle and thus how much the entire fleet of industrial vehicles is
being utilized. The total utilization of the fleet of industrial vehicles can be reviewed to
determine whether additional vehicles should be obtained for use in the warchouse or
on the other hand whether there are too many vehicles and thus the fleet can be reduced

and still provide efficient warehouse operation.

[0070] The vehicle data comparison and analysis can occur at the warehouse
computer system 104 in Figure 6 and be limited to data from the vehicle fleet at that
one facility, can occur at the warehouse management computer system 114 and use data
from vehicles at a plurality of facilities in the business enterprise, or can occur at the
manufacturer computer 112 utilizing data from many companies that use that brand of
vehicles. Fbr the latter two processes, the data from several facilities are sent to the
warehouse management computer system 114 or the manufacturer computer 112 via the
Internet 108 or another communication link. Thus the operating data from one vehicle

can be compared to locally or globally gathered data.

[0071] Another function performed using data that is gathered by the control system
20 prevents use of an unauthorized vehicle in a restricted area. As noted above, certan
warechouse environments, such as cold storage areas and areas with potentially
explosive atmospheres, require special industrial vehicles that are designed to operate in
those environments. For example, Type EE industrial vehicles are designed for use in
arcas where flammable materials are stored and a potential explosion or fire hazard

exists if those materials should leak. Type EE vehicles conform to the spark proof
characteristics defined in Underwriters Laboratories Standard UL 583. Further, many
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models of industrial vehicles cannot work satisfactorily in cold environments which
adversely affect the battery power and hydraulic systems. As a consequence, special
models of industrial vehicles are designed for use in cold storage areas. Many
warchouses may have both special areas, such as for cold storage or for flammable
material storage, as well as other areas for general purpose storage. Operators are

trained that only the specially designed vehicles should be operated within such special

areas.

[0072] To reinforce this training, one of the functions that can be implemented by the
present industrial vehicle control system 20 is to automatically detect when an
unauthorized vehicle is approaching a restricted area and provide a notification to the
operator. Thereafter, if the notification is not heeded and the vehicle enters the restricted
area, its operation is disabled. With reference to Figure 2, this is accomplished by the
vehicle controller 12 periodically monitoring its location as indicated by the GPS receiver
68. That GPS receiver 68 is a conventional device which utilizes the global positioning
system comprising a constellation of earth orbiting satellites that continuously transmut
signals containing the time in which the message was sent and ephemeris data regarding
the precise orbit of the satellite. The GPS receiver 68 onboard the industrial vehicle 10
uses the signals from three or more of those satellites to determine the precise location of
the vehicle. Typically, the GPS receiver determines the longitude and latitude of the
industrial vehicle.

[0073] Altematively, the location of the industrial vehicle 10 can be determined from

communication with three separate wireless access points 106. Each wireless access

“point 106 is assigned a unique address that is included, along with the time of day, in

every wireless message sent to an industrial vehicle 10. Each industrial vehicle 10 has an
internal clock and is able to tell the time of day that each message in recerved. From the
transmitted time and the received time, the propagation time of the message from the
wireless acceés point 106 to the vehicle can be calculated. By receiving messages from
at least three wireless access points 106, and by knowing the fixed location in the
warehouse of each of those access points and the respective message propagation fimes,

the vehicle location can be determined using triangulation.
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[0074] Periodically, such as every few seconds in response to a timed mtermupt, the
vehicle controller 12 commences executing a location control routine 140 depicted by the
flowchart in Figure 10. That routine commences at step 142 at which the vehicle
controller reads the vehicle location from the GPS receiver 68. Then at step 144, the
vehicle’s location is compared to a database of alert zones, or areas, defined within the

warchouse for the associated class of industrial vehicles.

[0075]  With additional reference to Figure 11, the exemplary warehouse 100 has a
room 160in which flammable materials 162 are stored and which room may have an
explosive environment if those materials should spill or leak from their containers. As
a consequence, only industrial vehicles 10 that are rated for use in such explosive
environments are permitted within room 160, which is considered to be a restricted area
within the warchouse. In addition, an alert zone 165, having a boundary 166 denoted
by a dashed line, is defined within the unrestricted area of the warehouse 100 in front of
the door 164 into the restricted area of room 160. For example, this alert zone 165 is
defined by an alert location 163 in the doorway into the restricted area of room 160, and
by a distance D extending around that alert location, thereby specifying a semicircular
boundary 166 of the alert zone. Although the definition of a semicircular or circular
alert zone is relatively easy to implement as only two data items are required (the alert
location and the distance therefrom), other boundary shapes for the alert zone can be
implemented. The specification of the alert zone 165 for a particular industrial vehicle
10 is contained in a database of all such areas of the warchouse, which database 1s
stored in the memory 24 onboard that vehicle. A similar database defining the
restricted areas, such as room 160, for the particular vehicle also is provided within it

onboard memory 24.

[0076] Thus at step 144, the vehicle controller 12 compares the location mformation

from the GPS receiver 68 to the alert zones specified in its database. When the
location of the industrial vehicle 10 1s less than distance D from the location of the
alert location 163, a determination is made at step 146 that the vehicle 1s withimn the
alert zone. If so, the program execution branches to step 148 at which a notification

1s issued to the vehicle operator. For example, the notification is produced by an
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annunciator, such as the vehicle’s display 55 or the audible alarm 70 (see Figure 2). If
at step 146, however, a determination is made that the industrial vehicle 10 is not

within one of the defined alert zones, the process branches to step 150 at which any

previous alert is deactivated.

[0077]  Regardless of whether step 148 or 150 is executed, thereafter the program
advances to step 152 where the present vehicle location is compared to the database
within the vehicle controller memory 24 indicating the restricted areas. Then at step
154, a determination is made whether the industrial vehicle 10 has entered a restricted
area. Presumably, the operator will have heeded the alert and not entered the restricted
area, in which case, the program execution ends. If contrary to his or her training, the
operator failed to heed the alert and continued to drive the industrial vehicle 10 into the
restricted area, room 160, that event causes the location control routine 140 to branch to
step 156. At this time, the vehicle controller 12 disables further operation of industrial
vehicle 10. In other words, the vehicle controller deactivates the lift motor 51, the
traction motor 43, and the steer motor 47. Other functions of the vehicle also are
disabled. Instead of entirely disabling operation, the vehicle controller 12 could
severely limit the operation, such as by limiting the speed of travel to an extremely slow
maximum level or disabling only some functions. Then at step 158, the vehicle
controller 12 transmits a message through the communication port 69 and the wireless
communication device 71 to the warehouse communication system 102 to notify the
warchouse computer system 104 that the industrial vehicle has been disabled. In this
disabled condition, the vehicle cannot be operated until an authorized person enters a
password into the user input device 67 and re-enables vehicle operation. Therefore, the

message sent to the warchouse computer system 104 informs supervisory personnel that

the industrial vehicle 10 has been disabled and gives the location of that vehicle.

[0078] In the above implementation, the databases of the alert zones and restricted
areas are stored m the memory 24 onboard each industrial vehicle 10 which enables
the location control routine 140 to be executed on each vehicle’s controller 12.
Alternatively, the databases and location control routine 140 can be stored in the

warchouse computer systemn 104. For each alert zone or a restricted area the database
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indicate the particular vehicles that are allowed to operate therein. Now, each time a

vehicle controller 12 reads a location from the associated GPS receiver 68, that
location along with the vehicle’s unique identifier are transmitted wirelessly via the
communication system 102 to the warehouse computer system 104. That computer
system 104 then determines, in a manner similar to that described above, whether the
vehicle is within either an alert zone or a restricted area in which that vehicle should
not operate. If that is true, a message is sent back to the particular industrial vehicle
10 commanding either issuance of an operator alert or disabling the vehicle operation,

as 1S appropriate.

[0079] The vehicle control system 20 also enables the vehicle to be used in an energy
conserving or “green” manner. Electrical utility companies have rate programs in which
the monetary amount charged for electrical consumption varies at different times of the
day. Use of electricity during peak hours, often the dayﬁght hours, under these rate
programs typically costs more than use at off-peak hours, which typically occur during
the night. When the charge of the vehicle’s battery 37 diminishes and needs to be
recharged, the battery is removed from the vehicle and placed into a charging station. A
battery, that was charged previously, is then inserted into the vehicle for continuing use,
while the depleted battery is being recharged. Therefore, it is desirable to perform battery
charging at off peak periods when the electrical utility rates are the lowest available.

Thus it is desirable to operate the industrial vehicle in a manner which will conserve the
electrical power during times at which battery replacement requires use of another battery
that was charged during peak rate periods of the day. In other words, it is desirable to
operate the industrial vehicle in a manner so that the battery life is prolonged until a time
period when a replacement battery that has been charged during lower clectrical rate

periods is available.

[0080] To accomplish this, the vehicle controller 12 controls operation of the traction
motor 43 so as to limit the maximum speed at which the vehicle can travel and its rate
of acceleration, thereby using battery power most efficiently. In addition, the lift motor
51 that drives the pump can be operated in a similar energy conserving manner. As a

consequence, even though the vehicle operator may manipulate the control actuators 41
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in a manner that normally would produce rapid acceleration or a high vehicle travel
speed, the vehicle controller 12 restricts that acceleration rate and the speed during
periods in which the battery 37, if depleted, would have to be replaced by a battery that
was charged during peak electrical rate periods. On the other hand, during off peak
electrical use periods, such as at night, the limits on the vehicle’s speed and acceleration
are removed so that the vehicle 1s able to operate at the maximum speed and rate of

acceleration possible.

[0081] To implement this energy conservation, the vehicle controller 12 has either a
time of day clock or receives the time of day from the warehouse computer system 104
via the communication system 102. When it 1s desired to activate the traction motor 43,
the vehicle controller queries a table of time periods of limited use that is stored in
memory 24. If the current time of day is within one of those periods, the vehicle
controller 12 limits the commands sent to the traction motor control 27 to regulate the

vehicle acceleration and speed for energy conservation.

[0082] Amnother function of the onboard vehicle control system 20 facilitates the
mamtenance and repair servicing of the industrial vehicle 10. As noted previously, a
particular industrial vehicle may have any of numerous optional features incorporated
by the manufacturer based on the order from a purchaser. When a service technician
goes to the warehouse to perform maintenance or repairs on a particular industnal
vehicle, that technician needs to know the “as built” configuration of that vehicle in
order to know the proper maintenance procedures to perform and how to diagnose the
source of a particular problem. Heretofore the “as built” information was not readily

available to the service technician on the job site, unless that information was obtained

from the manufacturer before being the technician was dispatched to the warehouse. In
addition, the technician’s service van previously had to carry an extensive library of
manuals for all the different models of industrial vehicles that could possibly be

serviced by the technician, as well as manuals for all the available optional features.

[0083] To facilitate such maintenance and repair work, service information regarding
each specific industrial vehicle 10 is stored within the memory 24 of its vehicle controller

12 in Figure 2. Service information includes trouble shooting manuals, repair manuals,
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parts manuals, operating manuals, service bulletins, bills of materials, “as built”
information related to the particular vehicle, and other information related to maintaining,
repairing and servicing the vehicle. This information can be initially stored by the
‘manufacturer as part of the manufacturing process, Thereafter, as service bulletins are
issued, parts numbers change, and other data becomes available, the manufacturer can
transfer that data from its computer 112 in Figure 6 through the Internet 108 to the

warchouse 100 where a related vehicle is being used. Upon receipt, the warehouse

computer system 104 relays that new information via the local area network 105 and the
wireless access points 106 to the specific industrial vehicles 10 to which the information
pertains. In addition, each time that a particular industrial vehicle 10 is serviced, a
service log within its memory 24 isupdated to include references to that servicing so that

the log contains an entire service record.

(0084} Up;m beginning work on a particular industrial vehicle 10, a technician plugs a
laptop computer into the service port 72 of the control system shown in Figure 2. In
addition or as an alternative to the service port 72 for a hardwired connection, a wireless
interface, such as one using the BluetooﬁMor WiF1 communication protocol, can be
provided to communicate between the industrial vehicle and the laptop computer. This
enables the technician to read conventional fanlt codes generated by the vehicle controller
12 which indicate particular problems that the vehicle cncoun'tcrcd, as Is conventional
practice. The technician then can select one of the fault codes which causes the laptop
computer to send a query message to the vehicle controller 12 seeking more information
related to the fault code. The vehicle controller responds by accessing the library of

manuals and service bulletins fo obtain information relating to the procedures to diagnose

the cause of the fault code. Thus the vehicle controller 12 automatically accesses the
proper materials in its library to aid the technician in servicing the industrial vehicle.
Furthermore, once the problem has been diagnosed, the vehicle controller 12 also
automatically accesses the respective portions.of the service manuals describing the

procedure for rectifying the problem and how to replace components.

{0085]  In addition, the Japtop computer connected via the service port 72 can access
the “as built” information for the particular vehicle being serviced which greatly aids
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the technician understanding of the devices on the vehicle and their operation. Once the
correct service procedures are identified in the manuals, the vehicle controller 12 also
produces an indication of the parts that are required to effect the repair including their
part numbers. Alternatively, the user input device 67 of the vehicle can be employed to
access this information which then is presented to the technician via the onboard
display 55. By storing such information in the vehicle’s memory 24, the service
technician is not required to gather detailed information about the specific vehicle to be
serviced nor does the service van have to carry a complete library for servicing all the

different vehicle models and configurations that are possible.

[0086] The foregoing description was primarily directed to a certain embodiments of
the industrial vehicle. Although some attention was given to various alternatives, it 1s
anticipated that one skilled in the art will likely realize additional alternatives that are
now apparent from the disclosure of these embodiments. Acbordingly, the scope of the
coverage should be determined from the following claims and not limited by the above

disclosure.
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CLAIMS:

1. A method for controlling an industrial vehicle that 1s powered by a battery that
1s recharged as necessary by electricity from a utility company, wherein the utility company
charges a first rate for electricity delivered during a first period of a day and charges a higher
second rate tor electricity delivered during a second period of the day, said method

comprising:

operating the industrial vehicle in a limited manner, via a vehicle controller, to
carry loads during a restricted operation time period to prolong battery life so that recharging

1s not required until the first time period of the day; and

enabling unrestricted operation of the industrial vehicle, via a vehicle

controller, during an unrestricted operation time period.

2. The method as recited 1n claim 1 wherein operating the industrial vehicle in a
limited manner comprises limiting at least one of travel speed and rate of travel acceleration

of the industrial vehicle.

3. The method as recited in claim 1 wherein operating the industrial vehicle in a

l[imited manner comprises limiting speed at which a load 1s raised.

4, The method as recited in claim 1 wherein the unrestricted operation time

period occurs during with the first period of the day.

5. The method as recited in claim 1 wherein the restricted operation time period

occurs during the second period of the day.

6. The method as recited in claim 1 wherein the restricted operation time period is

determined from a real time clock.

7. The method as recited in claim 1 wherein the restricted operation time period is
determined from data received by the industrial vehicle from a wireless communication

system.
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8. The method as recited 1n claim 1 further comprising storing in a memory a

~ definition of at least one of the restricted operation time period and the unrestricted operation

time period.

9. The method as recited in claim 8 wherein operating the industrial vehicle in a

limited manner is in response to the definition stored in the memory.

10. A method for controlling an industrial vehicle that is powered by a battery that
1s recharged as necessary by electricity from a utility company, wherein the utility company
bills at a first monetary rate for electricity delivered during a first time period of a day and
bills at a higher second monetary rate for electricity delivered during a second time period of

the day, said method comprising:

operating the industrial vehicle in a limited manner, via a vehicle controller, to

carry loads during the second time period to prolong battery life so that recharging is not

required until the first time period of the day; and

enabling unrestricted operation of the industrial vehicle, via a vehicle

controller, during the first time period.

11, The method as recited in claim 10 wherein operating the industrial vehicle in a

limited manner comprises limiting at lcast one of travel speed and rate of travel acceleration

of the industrial vehicle.

12. The method as recited in claim 10 wherein operating the industrial vehicle in a

limited manner comprises limiting speed at which a load is raised.

13. The method as recited in claim 10 wherein the restricted operation time period

1s determined from a real time clock.

14. The method as recited in claim 10 wherein the restricted operation time period

1s determined from data received by the industrial vehicle from a wireless communication

System.
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15. The method as recited 1n claim 10 further comprising storing in a memory a

definition of at least one of the first time period and the second time period.

16. The method as recited in claim 15 wherein operating the industrial vehicle in a

limited manner 1s 1n response to the definition stored in the memory.
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