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Abstract

The invention seeks to provide a system of modular component clusters for use with vehicles
such as electric utility vehicles, allowing for rapid and straightforward ficld repair. Vehicle
components arc arranged within cluster modules, the modules being releasably and operably
connectable to the vehicle and adapted to provide for easy diagnosis of component failures. The
cluster modules are designed to he independently exchanged in and out of the vehicle should any
single component in a cluster fail, without the need for onsite service, Removal and replacement
of a cluster module requires only minimal mechanical skill and the faulty module can then be

out-shopped for repair. The system provides for more simplified maintenance of vehicles where

moving the entire vehicle to a service location might be impractical.
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MODULARSYSTEM FOR SERVICEABLE YEHICL.

COMPONENTS

Field of the Invention

The invention relates to systems designs for vehicles, and in particular arrangements of critical

System components.

B.‘..‘..‘?'.‘,. round of the lnvcn"tion“ .

Motorized vehicles have been used in a vast array of applications as a means of increasing
productivity, generally by augmenting human abilities in terms of speed and/or strength. In
addition, motorized vehicles have been designed for operation in various challenging work
environments, such as tn mine shafts thousands of {eet below the surface, and can isolate

personnel to varying degrees from dangerous conditions.

Use of vehicles in contined or remote spaces, such as in the mining context, creates a particular
set of safety and logistical issues which must be addressed in order to maximize the availahility
and use of sumitable vehicles in such cnvironments. For example, vehicle components can fail,
even in ideal operational environments, either through normal wear or as a result of damage due
to accident or unexpected component failure. If complex repatrs are required in such a case that
necessitate the availability of highly trained onsite vepair staff, the attractiveness of using such
vehicles 1s impaired despite the clear value ot emploving the equipment. In applications such as
the mining industry, the vehicle may be in use at locations that are difficult if not impossible to
access with the equipment needed for diagnosis or repair.  Similarly, it may be impractical to
move the vehicle from its operational location to a qualificd repair facility. Further, specialized
technicians needed to provide repairs may not be capable of c¢ffecting such repairs in the severe
conditions that may be found in achive mining operations, and indeed may not have the skills and

{raining necessary in otder to work safely and etfectively in an active mining location.
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In many cases mining machings are nun by electrical power to obviate the need for combustion
product removal from the mine, which wouid be necessary if gas or diesel engines were used in
underground operations. Typically, higher voltage systems are used, and so repair personnel
would also have to be trained in dealing with high voltage portions of systems, and not ail

electneians are trained to work on the kinds of electrical systems present in mining contexts.

Another issue that anises when a vehicle fails is that the vehicle will normatly be out of service

unitl such time as skilled techmcians can diagnose and remedy the problem, as personnel

~ operating the vchicle are often not trained in the repair of their eqizi-pment-.-- In a remote, isolated

aperational location, it can be difficult and time~consuming to retain the necessary repair
services. Having a vehicle out of service for any extended period of time can be costly, and this
would be exacerbated by the isolated operational location, Further, depending on the complexity
of the machine, it may be difficult to diagnose or remedy the fault without access to specialized
cquipment that may not be accessible in a remote location. Even if skilled personnel and

specialized cquipment are avalable and can access the work environment, the cost of retaining

such services may be prohibitive.

Finally, it may not be practical for an individual company to maintain a staff of specialized
technicians able to repatr every component of their machinery. Many companies routinely
depend on service from outside contractors, who can justify the expense of technicians and

specialized equipment by servicing multiple customers.

As a result, there 1s a clear need for a solution that provides for cost-effective vehicle component
repair, while reducing equipment downtime. The solution must respect the fact that equipment is
sometimes deployved in challenging environments and traditional repair strategies are accordingly
inadequate, and the personnel working in such environments are generally unable to effect the
necessary repairs themselves. A system which would allow for the quick onsite repair of

vehicles such as utility vehicles, wathout requiring specialized onsite staff or tools, would be

beneficial to many vehicle users in numerous industnies.
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Summary of the Invention

The present invention therefore seeks to provide a system of modular component clusters for use
with vehicles such as electric utility vehicles, allowing for rapid and straightforward field repair.
Vehicle components are arranged within cluster modules, the modules being releasably and
operably connectable to the vehicle and adapted to provide for easy diagnosis ot component
failures. The cluster modules are designed to be independently exchanged in and out of the

vehicle should any single component in a cluster fail, without the need tor onsite service.

The present invention also seeks to provide a system whereby individual cluster modules can be
indcpendently swapped out of the vehicle if a component fails within that cluster module,
without requiring a usecr to first identify which component has failed. The system is fturther
configured to advise a user in which cluster module the failed component resides, such that
cluster modules do not have 0 be removed and replaced by trial and error in order to correct a
defect n one or more of the components. The overall advantage 1s that a user does not nced to

be skilled in specific component diagnosis and repatr techniques in order to maintain the vehicle
in service.

Using this system, vehicles, cspecially those in challenging environments like mines, can be
maintained in service efficiently without the nced for skilled onsite repair personncl, while
minimizing the amount of downtime in the event of component tailure. The defective module
could be casily replaced by a new or remanufactured one such that the vehicle could be back in
operation within a relatively short penod of time, reducing the economi¢ cost of an equipment
failure. Conveniently, the defective module could be sent to a specialized facility either to be
repaired, or a replacement module purchased. Operators could keep in stock at least one

replacement module such that parts would be readily available, again to minimize the downtime
when parts fail,

According to a first aspect of the present invention there 1s provided a vehicle comprising at least
two modufar functional clusters, each of the at least two clusters releasably and operably

connected to the vehicle and independently detachable from the vehicle, each of the at least two
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clusters comprising at least one component, wherein upon failure of one component the cluster
containing the failed component can be detached from the vchicle for servicing and a

replacecment cluster subsequently releasably and operably connected to the vehcle.

According to a sccond aspect of the present invention there is provided a method tor repairing a
vehicle, the vehicte comprising at least two modular functional clusters releasably and operably
connected to the vehicle and indcpendently detachable from the vehicle, each of the at least two

clusters comprising at least one component, at least one of the components having expenienced

. thilute_., the method comprising:

. detecting failure of the failed component;

b. detaching the cluster containing the failed component from the vehicle; and

¢. attaching a replacement cluster to the vehicle.

According to a third aspect of the present invention there is provided a modular system for use
with a vehicle, the system comprising at least two modular functional clusters, each of the at
lcast two clusters reteasably and operably connected to the vehicle and independently dctachable
from the vehicle, cach of the at least two clusters comprising at least one component, wherein
upon failure of one component the cluster containing the failed component can be detached from

the vehicle for servicing and a replacement cluster subsequently releasably and operably
connected to the vehicle.

[n cxemplary embodiments ot the present invention, a diagnostic module is preferably provided
and configured to communicate with the at least two clusters, hy means of a wired or wireless

connection, for analysing the components of the at least two clusters and detecting a failure

within one of the at least two clusters. Where a wired connection is employed, this would
preferably take the form of a wiring harness, and most preferably would incorporate sealed,
quick-release connectors o facilitute simple and rapid cluster exchanges. Where a wireless
connection 15 employed, the diagnostic module and the at least two clusters are preferably

provided with transceivers. It is also preferable that cmbodiments of the invention include a

diagnostic display configured to display a notification of the failure detected by the diagnostic
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module, which notification would indicate the cluster within which the failure occurred, The
diagnostic display preterably compnises al least one indicator selected from the group consisting
of lights, LEDs and digital displays. A data retention system may also be provided in exemplary
embodiuments for storing information on a machine-readablie medium, the information capable of
use mn determining the service history of each cluster, which system may comprise a

mieroprocessor and data storage means,

n exemplary embodiments of the present invention, the clusters may comprise a control box
cluster, a hattery box cluster, a dash box cluster, a motor cluster and a drive train cluster; such
clusters may house primarily electrical components, particularly where the vchicle is powered by
electricity.  The control box cluster would preferably comprise such features as a controller, an
AC/DC converter, main contactors, relays, a battery management system and a heat-sink; where
a control box cluster is included, it could also house the diagnostic module. The battery box
ctuster would preferably comprise a series of battery cells. The dash box cluster would
preferably comprise an instrument panel, a key switch, a forward/neutral/reverse control, a
high/low control, a hom, an hour meter, and fuses; where a dash box cluster is included, it could
also housc the diagnostic display. The motor cluster would preferably comprise an electric
motor and related ancillary components, and the drive train cluster would preferably comprise a

transtmssion. A person skilled in the relevant art would know of other features that could be

present in appropriate circumstances.

In some embodiments of the present invention it would also be preferable for the diagnostic
module or control box cluster to incorporate sensors for detecting imminent failures that have not

yet occurred. Such sensors could also be integrated with the diagnostic display for providing

nohfication of the imminent failure.

A detailed descnption of an exemplary embodiment of the present invention is given in the
tollowing. It is to be understood, however, that the invention is not to be construed as being
limited to this cmbodiment.
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Brief Description of the Drawings

[n the accompanying drawings, which illustrate an cxemplary embodiment of the present

invention:
5
Figure 1 15 onc cmbodiment of a vehicle in respect of which the present invention could
be practiced, namely an cicctric utility vehicle;
Figure 2 1s ¢ schematic illustration of one embodiment of the invention comprising an
10 “arrangement of component cluster modules in a motorized vehicle;
Figure 3a is a schematic 1llustration of one embodiment of the invention comprising two
cluster modules, showing the disconnection of a faulty module;
15 Figure 3b is a schematic illustration of the embodiment of Figure 3a, showing the
exchange of modules;
Figure 3c is a schematic illustration of the embodiment of Figures Ja and 3b, showing the
connection of a repiacenmient module;
20
Figure 4a is a schematic illustration of one embodiment of the invention comprising
wired communication means between the modules;
Figure 4b is a schematic illustration of one embodiment of the invention comprising
25 wireless communication means between the modules; and

Figure 5 is a schematic illustration of one embodiment of the invention showing

components within modules.

30 Preterred embodirnents of the present invention will now be described with reference to the

accompanying drawings.



10

15

20

25

30

CA 02774597 2012-04-19

Detailed Description of Exemplary Embodiments

Figure 1 shows one embodiment of a vehicle § which could be used in an industrial application
and in respect of which it is contemplated that the present invention could be practiced. The
vehicle § as shown s an electric personnc] vehicle. Tt will be understood that many different
types of vchicles could be used with the present invention and that the vehicle shown is only

intended as one illustrative embodiment of the type of vchicle in respect of which the present

invention could be practiced.

In embodiments of the present invention, individual components may be clustered in one or more
cluster modules. In preferred embodiments a single cluster module would comprise components
having related functions. Each cluster module is adapted to be easily removed from or connected
to the vehicle. In the preferred embodiment of the present invention, the system is designed such
that when a single component within a cluster module fails, the entire cluster module “t'ails;’.
The system 1s further designed to inform a user as to which cluster module is not functioning so

that 1t can be removed and replaced with a new or refurbished cluster module,

Referring to the embodiments of Figures 2, 4a, 4b and 5, the system comprises a control box
cluster modute 10, which iself comprises a controller 11, an AC/DC converter 12, main
contactors 13, relays 14, a battery management system 15, and heat-sink 16. The control box

cluster module 10 also preferably includes a diagnostic module 17a for detecting component

farlures i this and other cluster modules, although the diagnostic module 17a could also be
designed as a standalone module,

In some embodiments, the control box cluster module 10 may further comprise a diagnostic
display feature 17b including indicators such as lights, LEDs, or digital displays configured to
inform the user regarding which of the cluster modules has experienced a failure; such a
diagnostic display feature 17b may altermatively be incorporated into the dash box cluster

module 30. In some cases, the control box cluster module 10 may include sensors 18 or other
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monitonng equipment known to those skillied in the art, to interrogate the status of all or some of

the cluster modules in order to sense an impending failure before it occurs.

In some c¢mbodiments, the control box cluster module 10 may include data storage and analysis
capabihity in the form of a mucroprocessor 19a and data storage means 19b in order to maintain a
log of the various systems, the occurrence of failures, and the tike. Having such a log would
allow one to forccast the need for replacement cluster modules, and also to determine which

replacement cluster modules may need to be stocked in greater numbers.

In some embodiments, the system may comprise additional-cluster modules of components,
adapted to communicate with the control box cluster module 10. For example, and with
reference to Figures 2, 4a, 4b and 5, 1n some embodiments the system further comprises a battery
box cluster modute 20, comprising whatever battery technology is in use in a particular machine.
In some cases the battery 1n this cluster module 206 may comprise a series of lithium ion cells 21,

but other battery types are adaptable tor use in the system and so the particular type of battery is

not considered limiting to the scope of the invention,

In some embodiments, the system comprises a dash box cluster module 30. [n the case ot a
mining vehicle, the dash box cluster module 30 can comprise an instrument panel 31, key switch
32. forward/neutral/reverse control 33, high/low control 34, hom 35, hour meter 36, fuses 37,
and other like instrumentation (not shown) usetul to the operator. As indicated above, the dash

box cluster module 30 could also comprise the diagnostic display feature.

In some embodiments, the system comprises a motor cluster module 40. This can be the electric

motor 41 used to drive the machine, us well as ancillary components 42 needed to integrate the

motor into the electrical svstem of the machine.

In some embodiments, the system comprises a drive train cluster module 50. This can include

the transmmission 51 and other components 52 nceded to transmit output from a motor to a drive

system, for example wheels on the vehicle 3.
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In some embodiments, and with specific reference to Figures 2, 4a and 4b, the various cluster
modules are integrated with the control box cluster module 10 by means of wiring hamesses 60
which may comprise sealed, quick-refease connectors. Mechanical connection of the various
cluster modules to the machine may be effected by typical fastener systems appropriate {or that
idividual cluster module, as would be clear to one skilled in the art. The system theretore
allows for removal and replacement of an individual cluster module by simply disconnecting the

wiring harness 68 in order to remove the failed cluster module from the machine. The new or

refurbished cluster module is then installed 1n a Like fashion.

The simplicity of the repair method taught as part of the present invention is illustrated in Figures
3a, 3b and 3¢. In a vehicle S (illustrated as a box for schematic purposes), there are provided two
cluster modules 6 and 7a, each of which is connected to the vehicle § by a connector 8 at a
connector dock 9. As indicated above, the various modules could also be connected to a control
box module, but for the sake of simplicity the modules arc illustrated as being connected to the
vehicle S itself. While the first module 6 may be functioning properly, the second module 7a ‘
may cxperience a component failure; this failure would preferably be indicated to the operator as
described above. While retaming the first module 6 in place, the operator would remove the
failed second module 7a by disconnecting the connector 8 from the connector port 9 and setting
the failed second module 7a aside for repair at a later time at an appropriate facility. The
operator would then obtain a replacement module 7b, either from an on-site stock of replacement
modules or through contacting an outside supplier, and attach it to the vehicle 5 by inserting the
connector 8 to the connector port 9. In this way, the operator need have no technical expertise
regarding the various compoments, but can simply switch out the failed module 7a for a

corresponding and functionally equivalent module 7b and continue with the task enabled by the
particular vehicle §.

Referring again to Figures 43 and 4b, an electrical vehicle embodiment of the present invention
is tllustrated. In such an embodiment, electrical power is required to enable tunctioning of the
various cluster modules. To this end, power lines 80 are provided to transter power to the

various modules. An AC power source 100 may be employed in appropriate circumstances,



10

15

20

25

30

CA 02774597 2012-04-19

which would provide power to an on-board or off-board charger 99, and the power would then
be transterred 1o the power lines 80.

With regards to communication between the modules, such as communication of component
failure information, this may be ectfected by wired or wireless means. In some c¢ases
communication may be through a winng harness 60, such us a quick rclease hamess, as 18
tHlustrated in Figure 4a. In some cases, however, communication could be accomplished via a

wireless device, as is illustrated in Figure 4b, such that cach cluster module and the controt box

cluster module 10 include transceivers 70 that can communicate status information between the

control box cluster module 10 and the other cluster modules. A wireless device could be useful
in applications where repeated movements of the machine might fatigue wired connections

between the control box cluster module 10 and any of the other cluster modules.

As can be readily scen, then, there are numerous advantages provided by the present invention.
One advantage provided is that the operator, who is likely not an expert in the diagnosis or repair
of thé vehicle, can readily identify that a tailure has occurred in a cluster module, in which
cluster module the failure occurred, and then replace the faitled cluster module such that the
vehicle is back in service in a relatively short period of time, without having to first identity the

specific component that has failed.

A further advantage 15 provided in that the system can be designed such that multiple failures in
multiple cluster modules may be detected simultaneously. This allows a user to remove and
replace those cluster modules with defective components, rather than having to resort to triat and
error to determine where the failed component or components reside, a common problem when
repairing electrical systems. In addition, minor failures such as failures in wiring harnesses will
be reported as a cluster module failure as the cluster module will no longer be able to
commmunicate with the control box cluster module if the integrity of the wiring hamess between

the control box and the other model has been compromised.

It should be remembered that while one embodiment of the system is useful in electric mining

~ vehicles, it will be readily apparent to those skilled in the art of mechanical devices that the

-10 -
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modular component system described herein 18 widely adaptable to machines other than simply
mining Vehicles. Those skilled in the art will readily recognize the interchangeability of various
features and vartous embodiments. Thus, although the disclosure has been provided in the context
of certain embodiments and examples, it will be understood by those skilled in the art that the
disclosure extends beyond the specifically described embodiments to other altermative embodiments

and or uses and obvious modifications and equivalents thereof
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Claims

1. A vchicle comprising at lcast two modular functional clusters, cach of the at least two clusters
releasably connected to the vehicle and independently detachable from the vehicle, cach of the
at least two clusters comprising at least one component, wherein upon failure of one component
the cluster containing the failed component can be detached from the vehicle for servicing and

a replacement cluster subsequently releasably connected to the vehiele; and

Wherein each of the at least two modular functional clusters comprises at least one of a control

box cluster, a dash box cluster, a motor cluster, and a drive train cluster.

2. The vehicle of Claim 1 further comprising a diagnostic module configured to communicate
with the at least two clusters, the diagnostic module for analysing the components of the at least

two clusters and detecting failure within one of the at least two clusters.

3. The vehicle of Claim 2 wherein the diagnostic module 1s configured to communicate wath the

at least two clusters by means of a wired connection.

4. The vehicle of Claim 2 wherein the diagnostic module is configured to communicate with the

at lcast two clusters by means of a wireless connection.

5  The vehicle of Claim 2 further comprising a diagnostic display configured to display a
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notification of the failure detected by the diagnostic module.

The vehicle of Claim 1 further comprising a data retention system for storing information on a

machine-readable medium, the information capable of use in determining the service history of

cach cluster.

The vehicle of Claim 6 wherein the data retention system comprises a microprocessor and data

storage means.

The vehicle of Claim 1 wherein the components are clectrical components necessary for the

functioning of the vehicle,

The vehicle of Claim 1 wherein the control box cluster comprises a controller, an AC/DC

converter. main contactors, relays. a battery management system and a heat- sink.

The vehicle of Claim 1 wherein the battery box cluster compnises a series of battery cells.

The vehicle of Claim 1 wherein the dash box cluster comprises an instrument panel, a key

switch, a forward/neutral/reverse control, a high/low control. a hom. an hour mcter, and fuses.
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12 The vehicle of Claim 1 wherein the motor cluster comprises an electric motor and ancillary

components.

13. The vehicle of Claim 1 wherein the drive train cluster comprises a transmission.

(4. The vehicle of Claim 1 wherein the control box cluster comprises a diagnostic module
configured to communicate with the other clusters, the diagnostic niodule for analysing the

componetts of the other clusters and detecting failure within one of the other clusters.

15 The vehicle of Claim 14 wherein the control box cluster further comprises a diagnostic display

configured to display a notification of the failure detected by the diagnostic module.

16. The vehicle of Claim 3 wherein the diagnostic display comprises at least one ndicator selected

from the group consisting of lights, LEDs and digital displays.

{7  The vehicle of Claim 1 wherein the control box cluster comprises sensors configured to detect

imminent fatlures in the components.

18 The vehicle of Claim 3 wherein the diagnostic module 1s connected to the at lcast two clusters

by means of a wiring harness.
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The vehicle of Clamm 18 wherein the wiring harness comprises sealed. quick-release

connectors.

The vehicle of Claim 4 wherein the diagnostic module and the at least two clusters are provided
with transcervers to enable wireless communication between the diagnostic module and the at

lcast two clusters.
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