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indicative of the cost analysis is provided.
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SYSTEM AND METHOD FOR EVALUATING
RISKS ASSOCIATED WITH DELAYING
MACHINE MAINTENANCE
TECHNICAL FIELD

[0001]

This application relates generally to ?nancial

analysis systems and, more particularly, to a system and
method for evaluating ?nancial risks associated With delay

ing machine maintenance.
BACKGROUND

[0002] Many industries such as, for example, mining,
construction, agriculture, energy, transportation, etc., often
rely on expensive machinery to perform tasks associated
With a particular project or project environment. In order to

justify the cost associated With the purchase and operation of
this machinery, many organiZations require continuous or
near-continuous operation of the machinery over the dura
tion of the project.
[0003] In most project environments, the ?nancial success
of the project depends upon the completion of the project
according to certain project parameters, such as schedule or
project budget. In an effort to maximize pro?ts and control
costs, managers may schedule tasks and budget resources
according to these parameters. Because modi?cations to the

schedule or budget may adversely affect pro?ts, managers

closely monitor project operations, task status, and equip
ment health to ensure that the project is meeting established

schedule and performance benchmarks. Any unscheduled
delay or lapse in productivity of the project, such as, for
example, machine doWn-time and/or unscheduled machine
maintenance, may result in the project exceeding the sched

ule and/or budget, potentially impacting pro?tability.

expiration date for the component. The predictive mainte
nance factor may also include a cost estimate associated

With labor costs, current repair costs, future (i.e., in?ated)
repair costs, etc.
[0006] Although the system of ’748 patent may evaluate
certain performance factors in an effort to determine an

appropriate maintenance schedule for a component, it may

have signi?cant limitations. For instance, the system of the
’748 patent only monitors usage data (i.e., hours of opera

tion, total operation time, etc.) associated With the equip
ment, but does not monitor health or operating conditions of
the components or the equipment. As a result, should a

component associated With the equipment of the ’748 patent
experience a fault condition prior to the estimated expiration
time, the preventative maintenance system of the ’748 patent
may do nothing to respond to the fault. In fact, because the
system of the ’748 patent does not collect health data, the
fault condition may go undetected, potentially resulting in

premature equipment failure and unscheduled equipment
doWn-time.

[0007]

Furthermore, the system of the ’748 patent does

nothing to evaluate the ?nancial risks associated With the

delaying action on certain problematic machine operations
based on prognostic and/or historical data. As a result, a

project manager operating under a tight project schedule
may unnecessarily remove a machine With an “expired”
component for maintenance or repair, even if the ?nancial

impact of the machine removal outWeighs potential damage
caused by the continued operation of the machine With the

expired component.
[0008] The presently disclosed system and method for
evaluating risks associated With delaying machine mainte
nance are directed toWard overcoming one or more of the

problems set forth above.

[0004] In an effort to minimiZe unscheduled delay and
productivity lapses, some managers or machine operators

SUMMARY OF THE INVENTION

opt to temporarily ignore machine diagnostic event alerts.

[0009]

Although temporarily ignoring these alerts (and any poten

sure is directed toWard a method for determining risk

tial problems associated thereWith) may be an effective
means for minimiZing unscheduled delay in some cases, it
may prove costly in other situations. For example, if an
event alert indicative of a major machine malfunction is
ignored, a problem that may be remedied With relatively

minor delay and inexpensive repair procedure, may quickly
escalate into a potentially major problem that may require

expensive repairs and prolonged machine outage. Thus, in
order to minimiZe unscheduled delay due to machine main

tenance or repair Without unnecessarily damaging the
machine, a system and method for evaluating risks associ

ated With delaying machine maintenance, may be required.

In accordance With one aspect, the present disclo

associated With delaying machine maintenance. The method
may include receiving health data associated With a machine
and analyZing the health data based on predetermined
threshold data to detect an event alert condition. A future
failure date of a machine component may be estimated based

on the health data analysis. Historic productivity data asso
ciated With the machine may be analyZed and a cost asso
ciated With operating the machine With the event alert
condition for a predetermined amount of time is estimated.
A cost associated With removing the machine from service

may also be predicted based on historic productivity analy
sis. The estimated cost associated With removing the

[0005] At least one system has been developed for deter
mining a maintenance schedule for components of an equip
ment system based on certain predictive maintenance factors
associated With the components. For example, US. Pat. No.
6,738,748 (“the ’748 patent”) to WetZer describes a system

machine from service may be analyZed based on the esti
mated cost associated With operating the machine With the
event alert condition. A machine repair recommendation
based on the cost analysis may be provided.

for managing maintenance of equipment. The system

is directed toWard a system for evaluating risks associated
With delaying machine maintenance. The system may
include a communication interface for receiving health data

includes a maintenance controller that determines a predic
tive maintenance factor based on usage data associated With
the component. The system also includes a scheduler for
scheduling maintenance of a machine based on a predictive

maintenance factor associated With the component. The
predictive maintenance factor includes a simple estimate of

the remaining “life” of the component, Which is predicted
based on a predetermined (i.e., manufacturer speci?ed)

[0010]

According to another aspect, the present disclosure

associated With a machine and a processor communicatively

coupled to the communication interface. The processor may
be con?gured to analyZe the health data based on predeter
mined threshold data and estimate a future failure date of a

machine component based on the health data analysis. The
processor may also be con?gured to analyZe historic pro
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ductivity data associated With the machine and estimate a
cost associated With operating the machine With an event
alert condition for a predetermined amount of time. Based
on historic productivity analysis, a cost associated With

removing the machine from service may be estimated. The
processor may be further con?gured to analyze the estimated
cost associated With removing the machine from service
based on the estimated cost associated With operating the
machine With the event alert condition. The processor may
provide a machine repair recommendation based on the cost

analysis.

more mine sites in Which one or more machines 110 coop

erate to perform a task associating With the completion of a

mining project.
[0016] Machine environment 100 may include a machine
110, a risk assessment system 140, and a communication

netWork 130 for providing data communication betWeen
machine 110 and a risk assessment system 140. Although
risk assessment system 140 is illustrated as a standalone,
off-board system With respect to machine 110, it is contem
plated that risk assessment system 140 may include any

back-end system that includes computer systems and alert

In accordance With yet another aspect, the present

monitoring equipment. It is further contemplated that

disclosure may be directed toWard a machine environment
that includes a machine, a communication module for com

machine environment 100 may include additional, feWer,
and/or different components than those listed above. For
example, machine environment 100 may include additional
machines and/or machine types.

[0011]

municating data associated With the machine, and at least
one monitoring device for collecting health data associated
With at least one component of the machine and subse

quently providing the health data to the communication
module. The machine environment may also include a

system, communicatively coupled to the communication
module, for evaluating risks associated With delaying
machine maintenance. The system may be con?gured to
receive health data associated With a machine and analyZe
the health data based on predetermined threshold data. The
system may also be con?gured to estimate a future failure
date of a machine component based on the health data
analysis and estimate a cost and duration associated With

repairing the machine. The system may be further con?g
ured to analyZe historic productivity data associated With the
machine and estimate a cost associated With removing the
machine from service based on historic productivity analysis
and the estimated repair duration. The estimated cost asso
ciated With removing the machine from service may be
compared With the estimated cost associated With repairing
the machine. The system may provide a recommendation to

[0017] Machine 110 may include any ?xed or mobile
machine for performing a task associated With machine
environment 100. For example, machine 110 may include a
mobile earth moving machine such as a Wheel loader, a
track-type tractor, a dozen a motor grader, an excavator, or
any other type of machine. Alternatively and/ or additionally,
machine 110 may include a stationary machine such as a

generator set, a pumping device, a turbine, or any other

suitable type of stationary machine.
[0018] In one embodiment, machine 110 may include one
or more components or component systems con?gured to

collect and distribute information associated With machine
110 across machine environment 100. For example, machine
110 may include an on-board monitoring system 102, a
display console 114, a communication module 111, and a
direct data link 115 con?gured to communicate With a risk
evaluation system 140 via communication netWork 130. It is
contemplated that one or more of on-board monitoring

system 102, direct data link 115, and communication module

remove the machine from service if the estimated cost

111 may be integrated as a single unit. It is further contem

associated With operating the machine until the future failure
date exceeds the estimated cost associated With removing
the machine from service. Alternatively, if the estimated cost
associated With removing the machine from service exceeds
the estimated cost associated With operating the machine
until the future failure date, the system may provide a
recommendation to operate the machine until the future
failure date.

plated that machine 110 may include additional, feWer, and
or different components than those listed above.
[0019] Communication module 111 may include any
device con?gured to facilitate communication betWeen sys
tem 102 and risk assessment system 140. Communication
module 111 may include hardWare and/or softWare that
enables communication modules 111 to transmit and/or
receive data messages through direct data link 115 and/ or via
communication netWorks 130. Communication module 111

BRIEF DESCRIPTION OF THE DRAWINGS

may include, for example, a netWork interface (not shoWn),

[0012] FIG. 1 illustrates an exemplary disclosed machine
environment consistent With certain disclosed embodiments;
[0013] FIG. 2 provides a schematic illustration of an
exemplary risk evaluation system in accordance With certain

a Wireless transceiver (not shoWn), and a processor (not
shoWn) con?gured to collect and distribute data associated
With machine 110.
[0020] Communication netWorks 130 may include any
Wired and/or Wireless communications suitable for data

disclosed embodiments; and
[0014]

FIG. 3 illustrates a ?owchart depicting an exem

plary method for evaluating ?nancial risks associated With
delaying machine maintenance.
DETAILED DESCRIPTION

[0015] FIG. 1 illustrates a machine environment 100
according to an exemplary disclosed embodiment. Machine

transmission such as, for example, satellite, cellular, point

to-point,

point-to-multipoint,

multipoint-to-multipoint,

Bluetooth, RF, Ethernet, ?ber-optic, coaxial, and/or
Waveguide communications. Alternatively and/or addition
ally, communication netWork 130 may include a direct data

link 115, serial, parallel, USB, Ethernet, ?ber-optic, ?re
Wire, Bluetooth, or any other type or combination of trans
mission mediums suitable for direct transfer of information.

environment 100 may include any environment in Which one

[0021]

or more machines 110 perform a task associated With an

or more components con?gured to collect information asso

On-board monitoring system 102 may include one

industry such as mining, construction, transportation, energy
exploration, farming, or any other type of industry. For

on-board monitoring system 102 may include one or more

example, machine environment 100 may include one or

sensing devices 113a-e communicatively coupled to a on

ciated With machine 110 during operation. For example,
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board controller 112. On-board monitoring system 102 may
correspond to an electronic control module (ECM) associ
ated With machine 110 or, alternatively, may embody a
standalone unit dedicated to the collection and distribution

devices, a central processing unit, a communication inter
face, or any other components con?gured to execute an
application. For example, on-board controller 112 may cor
respond to an integrated control module associated With

of machine data. It is contemplated that on-board monitoring

machine 110, such as an electronic control module (ECM) or

system 102 may include additional and/or different compo
nents than those listed above.

any other suitable machine control device.
[0025] On-board controller 112 may include an electronic
control unit of machine 110 and may be communicatively
coupled to one or more systems and subsystems of machine
110. As such, on-board controller 112 may be con?gured to

[0022]

Display console 114 may be communicatively

coupled to communication module 111 and may include any

audio, video, and/or combination audio-video device suit
able for communicating information associated With
machine environment 100 to a machine operator. For
example, display console may include one or more LCD,

CRT, plasma, or any other type of display monitor With a
graphical user interface (GUI), one or more indicator lights,

and/or an audio device (e.g., speaker, microphone, headset,
etc.) that provides operation data associated With a compo

control operations of certain components and subsystems.
For example, on-board controller 112 may be communica
tively coupled to a fuel injection system associated With a
combustion engine of machine 110. On-board controller 112
may be receive an operator command (e.g., increase throttle,

etc.) and provide these command signals to the fuel injection

Alternatively and/or additionally, display console 114 may
relay dispatch information (i.e., maintenance and/or repair
information, shift change schedules, etc.), operational

system, Which may subsequently increase the ?oW of fuel
into the combustion chamber. It is contemplated that, in
certain conditions, on-board controller 112 may receive
commands directly from risk assessment system 140 and/or
may generate these commands based on certain operation

instructions and/ or recommendations, job site data (Weather,

data associated With machine 110.

nent or subsystem of machine 110 to a machine operator.

soil conditions, temperature, etc.), payload information,

[0026]

productivity data, or any other type of information. It is also

softWare programs con?gured to analyZe operation data

contemplated that display console 114 may display softWare
applications and/or operator assistance tools (e.g., training
tools, etc.) executed by communication module 111 and/or

collected from sensing devices 113a-e based on predeter
mined threshold data stored in memory. For example, on
board controller 112 may compare operation data for a

an on-board controller 112. For purposes of the present

particular component or system With predetermined thresh
old data indicative of normal (i.e., manufacturer speci?ed,

disclosure, the term maintenance refers to any service,
scheduled or unscheduled, Which may be performed on a

machine including, among other things, electrical and/or
mechanical repairs, scheduled service procedures, system or
component updates and/or upgrades, or any other type of
service performed in association With machine 100 or any of

its constituent components.
[0023] Sensing devices 113a-e may include any type of
sensor or sensor array and may be associated With one or

more components of machine 110 such as, for example, a
poWer source 120, a torque converter 121, a transmission

122, a Work implement 123, a ?uid supply 124, a traction

device 125, and/or other components and subsystems of
machine 110. Sensing devices 113a-e may be con?gured to
automatically gather operation data associated With one or
more components and/or subsystems of machine 110 such

as, for example, implement, engine, and/or machine speed
and/or location; ?uid pressure, ?oW rate, temperature, con
tamination level, and or viscosity of a ?uid; electric current

On-board controller 112 may include one or more

design speci?ed, etc.) operation of the particular component
or system. Predeterrnined threshold data, as the term is used

herein, refers to any value, limit, range, etc. that establishes
an acceptable level of operation associated With a particular
component or system. If the operation data is inconsistent
With a the predetermined threshold data, on board controller

112 may provide a Warning signal (including any associated
trouble/error codes) to risk assessment system 140. The
operation data may be determined to be inconsistent With the

predetermined threshold data if the operation data is greater
than a predetermined threshold value, less than a predeter
mined threshold value, and/or outside a predetermined
threshold range. For instance, data indicative of engine oil
pressure may be compared With a predetermined acceptable
range. If the oil pressure is outside this range (i.e., loWer than
a loWer range limit or higher than an upper range limit), the
oil pressure data is determined to be inconsistent With the

predetermined threshold data associated With oil pressure.
[0027] According to one embodiment, on-board controller

and/or voltage levels; ?uids (i.e., fuel, oil, etc.) consumption
rates; loading levels (i.e., payload value, percent of maxi
mum payload limit, payload history, payload distribution,
etc.); transmission output ratio, slip, etc.; grade; traction

based on the comparison of operation data, one or more

data; scheduled or performed maintenance and/or repair
operations; and any other suitable operation data. It is
contemplated that sensing devices may be associated With
additional, feWer, and/or different components and/or sub

trouble codes may be generated. On-board controller 112
may determine, based on the trouble codes, potential causes
and/or predetermined courses of action to resolve the trouble
code. For example, on-board controller 112 may detect an

systems associated With machine 110 than those listed
above.
[0024] According to one embodiment, on-board controller

machine 110, Which exceeds a predetermined threshold for

112 may include one or more softWare programs for per

forming diagnostic analysis of machine data. For example,

elevated tire pressure on one or more tires associated With

con?gured to monitor, record, store, sort, ?lter, analyZe,

tire pressure. On-board controller 112 may generate a
trouble code associated With the elevated tire pressure.
Based on the trouble code, diagnostic softWare associated
With on-board controller 112 may determine that the

and/ or communicate operation data associated With machine

machine’s ground speed is too high, resulting in increased

110 and/or its components and subsystems. These compo

air temperature Within the tires. As a result, on-board con
troller 112 may notify an operator of machine 110 to limit

112 may be communicatively coupled to each of sensing
devices 113a-e and may include one or more components

nents may include a memory, one or more data storage
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the speed of the machine. Alternatively and/or additionally,

141 to perform processes associated With operational moni

on-board controller 112 may transmit a speed limiting signal

toring system 140. Storage 144 may include one or more

to one or more of the engine and/ or transmission of machine

magnetic or optical disk devices, such as hard drives,

110 to control the speed of the vehicle until the tire pressure

CD-ROMs, DVD-ROMs, or any other type of mass media
device.

returns to an appropriate level.

[0028]

According to another embodiment, on-board con

[0033]

Database 145 may include one or more memory

troller 112 may include one or more softWare programs for

devices that store, organize, sort, ?lter, and/or arrange data

performing prognostic analysis of machine data. For

used by risk assessment system 140 and/or CPU 141. For
example, database 145 may store historical performance
data associated With a particular machine 110. Database 145
may also store benchmark and/or other data values associ
ated With machine performance. Database 145 may also
store operational parameters for each component or system

example, on-board controller 112 may analyZe current
operation data associated With a particular component or
subsystem With historical data associated With previous
operations of the component. Based on this analysis, per
formance trends in the operation of the component or system
may be identi?ed and compared With failure analysis test
data for the particular component, to determine if the per
formance trend may be indicative of a potential problem. If
a potential problem is identi?ed, a prognostic event signal
may be provided to risk assessment system 140, for further

investigation.
[0029]

Risk assessment system 140 may include one or

more computer systems con?gured to collect, monitor, ana

of components associated With machine 110, including
normal operating ranges for the components, threshold
levels, etc.
[0034] Input/Output (I/O) devices 146 may include one or
more components con?gured to interface With a user asso

ciated With machine environment 100. For example, input/
output devices 146 may include a console With integrated
keyboard and mouse to alloW a user of risk assessment

lyZe, evaluate, store, record, and transmit operation data

system 140 (e.g., customer, client, project manager, etc.) to

associated With machine 110. Risk assessment system 140

input one or more benchmark values, modify one or more

may be associated With one or more business entities asso

operational speci?cations, and/or machine operation data.

ciated With machine 110 such as a manufacturer, an oWner,
a project manager, a dispatcher, a maintenance facility, a

Risk assessment system 140 may store the performance,

performance evaluator, or any other entity that generates,
maintains, sends, and/or receives information associated
With machine 110. Although risk assessment system 140 is
illustrated as a laptop computer, it is contemplated that risk
assessment system 140 may include any type of computer
system such as, for example, a desktop Workstation, a
handheld device, a personal data assistant, a mainframe, or
any other suitable computer system.
[0030] As explained, risk assessment system 140 may
include one or more computer systems and/or other com

ponents for executing softWare programs. For example, as

productivity, and/or operation data in storage 144 for future
analysis and/or modi?cation.
[0035]

Interface 147 may include one or more elements

con?gured for communicating data betWeen risk assessment
system 140 and risk assessment system 140 over commu

nication netWork 130 and/or direct data link 115. For
example, interface 147 may include one or more modulators,

demodulators, multiplexers, demultiplexers, netWork com
munication devices, Wireless devices, antennas, modems,
and any other type of device con?gured to provide data
communication betWeen risk assessment system 140 and
remote systems or components.

illustrated in FIG. 2, risk assessment system may include a

[0036]

processor (i.e., CPU) 141, a random access memory (RAM)
142, a read-only memory (ROM) 143, a storage 144, a
database 145, one or more input/output (I/O) devices 146,

and/or softWare components that alloW a user to access

information stored in risk assessment system 140 and/ or risk
assessment system 140. For example, risk assessment sys

and an interface 147. It is contemplated that risk assessment

tem 140 may include a data access interface that includes a

Additionally, interface 147 may include hardWare

system 140 may include additional, feWer, and/or different

graphical user interface (GUI) that alloWs users to access,

components than those listed above. It is understood that the
type and number of listed devices are exemplary only and
not intended to be limiting.

con?gure, store, and/or doWnload information to external
systems, such as computers, PDAs, diagnostic tools, or any
other type of external data device. Moreover, interface 147

[0031] CPU 141 may include one or more processors that
can execute instructions and process data to perform one or

may alloW a user to access and/or modify information, such

more functions associated With risk assessment system 140.
For instance, CPU 141 may execute softWare that enables
risk assessment system 140 to request and/or receive opera
tion data from one or more sensing devices 113a-e. CPU 141
may also execute softWare that enables risk assessment
system 140 to further analyZe one or more diagnostic and/or

as operational parameters, operating ranges, and/or thresh
old levels associated With one or more component con?gu

rations stored in database 145.
[0037] Processes and method consistent With the disclosed

embodiments provide a system for estimating the risk(s)
and/or costs associated With operating a machine under

event alert conditions and evaluating these costs respective

prognostic alerts to determine a potential preventative main

of repair costs, including productivity costs associated With

tenance plan. CPU 141 may also execute softWare that

lost productivity and/ or replacement of the machine. FIG. 3
provides a ?owchart 300 depicting an exemplary disclosed
method of operation of the risk assessment system. As
illustrated in FIG. 3, risk assessment system 140 may

schedules preventative machine maintenance and repair and
transmits the schedule to an operator of machine 110 via
display console 114. CPU 141 may also execute softWare
that generates, archives, and/ or maintains maintenance

receive health data associated With one or more machines

schedules, prognostic alarms, historical operation data, or

operating in a machine environment (Step 310). Health data,

any other type of information associated With machine 110.
[0032] Storage 144 may include a mass media device
operable to store any type of information needed by CPU

as the term is used herein, may include any type of operation
data, either raW or processed, that may be indicative of the
health of a machine or its constituent components. For
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instance, health data may include, for example, data indica
tive of ?uid (such as fuel, oil, engine coolant, etc.) pressure,
temperature, viscosity, or level; data indicative of compo
nent Wear, such as bearing noise for an alternative, vibration
data associated With a mechanical components, mechanical

non-critical. HoWever, if the operation data exceeds the
threshold data by a second amount, the event alert condition
may be deemed critical. One skilled in the art Will recogniZe
that additional, feWer, and different types of event alerts may

be provided.

data indicative of an electrical failure; or any other type of

[0040] Once the health data has been analyZed and an
event alert condition detected, risk assessment system 140

load and stress data; tire temperature and/or pressure data;
data indicative of the health of the machine or one or more

may estimate a future failure data of the machine, based on

of its subsystems. Health data may be received from one or

the event alert condition (Step 330). Risk assessment system

more sensing devices 113a-e directly and automatically
(e.g., in “real-time”) via communication module 111. Alter
natively and/or additionally, health data may be collected

140 may determine the future failure date based on the
health data and the type and nature of the event alert. For
example, in response to the event alert, risk assessment
system 140 may extract particular trouble codes associated
With any event alerts. Risk assessment system 140 may
estimate, based on the trouble codes and/or the severity of
the event alert (critical or non-critical), a future failure date
of the component or machine. This estimation may be based

(and stored for future use) in an on-board system, such as
on-board controller 112. Risk assessment system 140 may

receive and/or collect the health data by providing a request
to on-board controller 112 and may subsequently receive the
health data, in response to the request.
[0038] It is contemplated that health data may be received
and/or collected from one or more o?f-board systems asso

ciated With the machine or machine environment. For
example, health data may be collected form a back-end

computer system that collects health data associated With the
Work environment and distributes the health data to other

computer systems associated With the Work environment. It
is also contemplated that health data may be compiled and
generated from raW data by an o?f-board system associated

on historical operation and/or health data gathered, for

example, from previous operations and/or ?eld tests for the
component, the machine, and/or machine type. Alternatively
and/or additionally, the estimation of the future failure date
may be derived from a look-up table or database associated
With each component, based on failure test analysis associ
ated With the machine. For purposes of the present disclo
sure, future failure date refers to any temporal indication

(e.g., date, day and time, hour of operation, month, etc.) of

With the machine. This risk assessment system may subse

a future failure of the machine associated With one or more

quently receive the health data from the o?f-board system,
alternatively and/ or in addition to health data received from
the machine.
[0039] Once the health data has been received, risk assess
ment system 140 may analyZe health data based on prede

event alert conditions, assuming these conditions continu

termined threshold data and detect an event alert condition

if the health data is inconsistent With the predetermined

threshold data (Step 320). For example, risk assessment
system may compare operation data associated With a par
ticular ?uid pressure, temperature, and viscosity With pre
determined threshold data associated With the particular
?uid. If the operation data is inconsistent With the threshold

ally and/or periodically persist.
[0041]

Once a future failure date has been estimated, risk

assessment system 140 may estimate a cost associated With

operating the machine With the event alert condition (Step
340). This cost estimate may be based on operating the
machine for a predetermined amount of time after the event
alert Was detected. One skilled in the art Will recogniZe that
costs associated With operating the machine under event

alert conditions Will vary With the type and severity of the
condition. Thus, for certain event alert conditions, costs
associated With operation of the machine after event alert

data, an event alert condition may be detected and an event

detection may increase and/or escalate based on a potential

alert may be provided. Event alert condition, as the term is

damage that a the particular event alert condition may

used herein, refers to any type of condition that, if persistent,

impose and the extent of the resulting repairs. For instance,

may be indicative of a potential future of the machine or one
or more of its constituent components and/or subsystems.

operating a machine after a detection of an “engine over

An event alert may identify a particular component With
Which the problematic health data is associated, as Well as

heat” event alert may result in signi?cant damage to the
machine, While operating the machine after detection of a
“loW tire pressure” event alert condition may result in very

any particular operational aspects that caused the “trigger

minor (if any) damage.

ing” of the event alert. According to one exemplary embodi

[0042] According to one embodiment, risk assessment
system 140 may estimate the cost associated With operating

ment, event alerts may include one or more prognostic or

“trouble” codes that specify particular abnormalities asso
ciated With component and/or machine operations. These
trouble codes may be unique to the particular component
and the particular abnormality associated With that compo

repair costs for particular event alert conditions at one or

nent. Event alerts may range from non-critical (such as ?uid

more intervals in the future, With the maximum repair cost

level Warning lights) to critical (such as mechanical stress
data indicative of a broken machine frame) depending upon
the amount of time prior to a future failure event. Thus,
critical event alerts, if not addressed may result in imminent
machine failure, While non-critical event alerts may go
unresolved for several days or Weeks. It is contemplated that

being the repair or replacement of the component and/or
subsystem resulting in the failure of that particular compo
nent and any resulting damage associated With that compo

varying degrees of event alert conditions exist correspond
ing to predetermined levels of data inconsistency. For
example, if the operation data exceeds the threshold data by

betWeen the detection of the condition and the subsequent
repair. Thus, operating the machine for a feW minutes after
an engine overheat condition is detected may only require
repair or replacement of a radiator fan and engine coolant,

a ?rst amount, the event alert condition may be de?ned as

the machine for a predetermined amount of time an event

alert and/or until the future failure date of the machine.
These costs may be based on predetermined and/or standard

nent failure. For example, costs associated With an engine

overheat condition, as in the example above, may be
gradual, depending upon the amount of time elapsed
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While operating the machine for several hours may result in
damage to the radiator or heat exchanger. Continued opera
tion of the machine until the future failure date may result in

damage to not only the cooling system, but the engine
system and several other associated components. Accord
ingly, risk assessment system 140 may estimate costs asso
ciated With operating the machine under event alert condi
tions for several future intervals.

[0043] Risk assessment system 140 may also analyZe
historic productivity data associated With the machine (Step
350). For example, risk assessment system may analyZe the
historical productivity data associated With the machine to
determine an amount of Work performed by the machine
during a predetermined time interval. Productivity data, as
the term is used herein, refers to any data indicative of an

from service in order to repair the machine and restore it

back to appropriate operating condition (Step 380).
[0046] According to one embodiment, risk management
system 140 may provide a plurality of recommendations
associated With several options for addressing event alert
conditions associated With a machine. Depending upon the

future failure date, for example, risk management system
140 may provide recommendations o?‘ering daily or Weekly
options for addressing event alerts. For each interval, risk
management system may provide prorated or adjusted costs,
Which have been predicted based on prognostic forecasting
of damage and repair at that interval. Accordingly, these
recommendations may provide a project manager With a
forecast of potential costs associated With any trouble codes

on the machine, enabling project managers to determine the
most appropriate time to perform necessary repairs and/or

amount of Work performed or performable by the particular
machine. Productivity data may include, for example, data

maintenance, Without jeopardiZing potential project mile

indicative of an amount of material moved per unit time, an
area of land cleared per unit time, an e?iciency factor
associated With the performance of a task, or any other data

agement system 140 may provide information as to the

indicative of the productivity associated With a particular
machine.
[0044] Once the historical productivity data has been

ing to a particular project schedule.

analyZed, risk assessment system 140 may estimate a cost
associated With removing the machine from service based on

[0047] Methods and systems associated With the disclosed
embodiments provide project managers With recommenda

the historical productivity analysis (Step 360). For example,

tions for responding to event alerts associated With machine

risk assessment system 140 may estimate the costs associ
ated With removing the machine from service as a cost

operations, including costs associated With multiple machine
repair scenarios. Machine environments that employ pro

associated With the lost income (or any portion thereof)
corresponding to the potential productivity of the machine
had it otherWise not required removal. This estimation may
be based the historical productivity levels of the machine, as
Well as forecast productivity levels associated With operating
the machine under the event alert condition. Alternatively
and/or additionally, risk assessment system 140 may esti

stones or deadlines. Thus, recommendations from risk man

cost/bene?ts of delaying action until a future date, alloWing
a project manager to schedule machine maintenance accord

INDUSTRIAL APPLICABILITY

cesses and elements associated With the disclosed embodi

ments provide project managers With recommendations that
include forecast costs associated With delaying machine
maintenance until one or more future dates. These recom

mendations alloW project managers to objectively compare
costs associated With delaying action certain event alerts
With costs associated With responding to the event alert

mate the machine removal costs as any costs incurred With

immediately. These recommendations alloW project manag

renting a replacement machine during the machine removal
period. According to yet another embodiment, costs associ
ated With removing the machine from service may include

ers to respond to more critical, potentially costly event alert
conditions immediately, While delaying action on non-criti

an actual cost associated With the repair of the machine. It

[0048] Although the disclosed embodiments are described
in association With machine environment 100, the disclosed
system and method for evaluating risks associated With
delaying maintenance described herein may be applicable to

is also contemplated that one or more of the costs described

above may be combined depending upon a desired removal
scenario. For instance, in order to defray the costs associated

With lost productivity of the machine, a project manager may
rent a replacement machine during the repair duration of the
defective machine. This may be particularly valuable in

cal event alert conditions until a suitable future date.

any environment Where it may be desirable to evaluate costs

associated With responding immediately to maintenance
noti?cations versus delaying response until a future date.

cases Where loss of productivity poses a signi?cant cost

Speci?cally, the disclosed system and method for evaluating

consideration to the project environment.
[0045] Once costs associated With both of removing the
machine from service and operating the machine With the
event alert condition (e. g., delaying action on the event alert,
ignoring the event alert, etc.), risk assessment system may

risks associated With delaying machine maintenance may
compare present repair and removal costs associated With
responding to machine event alerts immediately With future
costs associated With delaying response. This cost analysis
solution may enable project managers to implement the most

compare the costs (Step 370) and provide recommendations

cost effective maintenance schedule for a machine, based on

for responding to the event alert condition. For example, if
costs associated With removing the machine from service
exceed the costs of operating the machine under event alert

the actual operational characteristics and equipment needs of

conditions (Step 370: Yes), risk management system may
recommend continuing operation of the machine under the
event alert conditions (Step 390). Alternatively, if costs
associated With removing the machine from service do not
exceed costs associated With operating the machine under
event alert conditions exceed (Step 370: No) risk manage
ment system 140 may recommend removing the machine

a particular machine environment.

[0049] The presently disclosed system and method for
evaluating risks associated With delaying machine mainte
nance may have several advantage. First, because risk
assessment system 140 uses health and/or prognostic data
collected from the machine during real-time machine opera
tions, risk assessment system 140 may estimate machine
maintenance costs schedules based on the actual health

needs of the machine. This real-time, prognostic-based cost
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analysis may provide a more accurate determination of a
machine’s maintenance needs and, therefore, a more accu

rate cost schedule, than conventional systems that simply
determine maintenance requirement based on “typical”
lifespan data associated With machine components.

[0050] Additionally, by predicting present and future

4. The method of claim 3, Wherein the value associated
With the loss in productivity includes one or more of a

monetary value associated With an average income gener

ated by the machine corresponding to the estimated main
tenance duration.

derived from real-time machine operations as opposed to

5. The method of claim 1, Wherein estimating the cost
associated With removing the machine from service includes
determining a cost associated With replacing the machine

“estimated” component lifespan, the presently disclosed

With a second machine.

system may limit unnecessary and costly machine mainte

6. The method of claim 1, Wherein estimating the cost
associated With removing the machine from service includes

maintenance costs and schedules based on health data

nance to repair or replace components at or near the end of

their lifespan. Accordingly, the presently disclosed system

estimating a current cost associated With a machine main

may enable the combination of scheduled maintenance

tenance.

intervals associated With “expiring” components With
unscheduled maintenance associated With event alert con

7. The method of claim 1, Wherein estimating a cost
associated With operating the machine With the event alert

ditions during one or more future repair sessions, limiting

condition includes estimating a future cost associated With a

frequency of machine repair sessions. As a result, project
managers, based on recommendations from risk assessment

future machine maintenance.
8. The method of claim 7, Wherein estimating the future

system 140, may elect to delay action on certain event alert

cost includes:

conditions until future scheduled maintenance periods,
thereby reducing the costs associated With removing the

estimating a future duration associated With the machine

machine for maintenance on multiple occasions.
[0051] It Will be apparent to those skilled in the art that
various modi?cations and variations can be made to the

determining, based on the historical productivity data, a
value associated With a loss in productivity correspond
ing to removal of the machine during the estimated
future maintenance duration.
9. The method of claim 1, Wherein providing the machine
maintenance recommendation includes:

disclosed system and method for evaluating risks associated
With delaying machine maintenance. Other embodiments of
the present disclosure Will be apparent to those skilled in the
art from consideration of the speci?cation and practice of the
present disclosure. It is intended that the speci?cation and
examples be considered as exemplary only, With a true scope

maintenance; and

providing a recommendation to remove the machine from

service if the estimated cost associated With operating
the machine until the future failure date exceeds the
estimated cost associated With removing the machine

of the present disclosure being indicated by the folloWing
claims and their equivalents.

from service; and
providing a recommendation to operate the machine until
the future failure date if the estimated cost associated
With removing the machine from service exceeds the
estimated cost associated With operating the machine
until the future failure date.

What is claimed is:

1. Amethod for determining risk associated With delaying
machine maintenance comprising:
receiving health data associated With a machine;
analyZing the health data based on predetermined thresh

10. A computer-readable medium for use on a computer

old data to detect an event alert condition;
estimating a future failure date of a machine component
based on the health data analysis;

executable instructions for performing the method of claim

analyZing historic productivity data associated With the

1.

machine;
estimating a cost associated With operating the machine
With the event alert condition for a predetermined
amount of time;
estimating a cost associated With removing the machine
from service based on historic productivity analysis;
analyZing the estimated cost associated With removing the
machine from service based on the estimated cost

associated With operating the machine With the event

alert condition; and

system, the computer-readable medium having computer
11. A system for evaluating risks associated With delaying
machine maintenance comprising:
a communication interface for receiving health data asso
ciated With a machine;

a processor, communicatively coupled to the communi
cation interface and con?gured to:
analyZe the health data based on predetermined thresh

old data;
estimate a future failure date of a machine component

based on the health data analysis;

providing a machine maintenance recommendation based
on the cost analysis.

analyZe historic productivity data associated With the

2. The method of claim 1, Wherein analyZing the health

estimate a cost associated With operating the machine
With an event alert condition for a predetermined

data includes providing an event alert if the health data is

inconsistent With the predetermined threshold data, Wherein

machine;
amount of time;

the event alert corresponds With a prognostic code associ

estimate a cost associated With removing the machine

ated With one or more potential problems With the machine.

from service based on historic productivity analysis;
analyZe the estimated cost associated With removing

3. The method of claim 1, Wherein estimating the cost
associated With removing the machine from service includes
determining, based on the historical productivity data, a
value associated With a loss in productivity corresponding to
removal of the machine during an estimated maintenance
duration.

the machine from service based on the estimated cost

associated With operating the machine With the event

alert condition; and
provide a machine maintenance recommendation based
on the cost analysis.
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12. The system of claim 11, wherein analyzing the health
data includes providing an event alert if the health data is

inconsistent With the predetermined threshold data, Wherein
the event alert corresponds With a prognostic code associ
ated With one or more potential problems With the machine.

13. The system of claim 11, Wherein estimating the cost
associated With removing the machine from service includes
determining, based on the historical productivity data, a
value associated With a loss in productivity corresponding to
removal of the machine during an estimated maintenance
duration.
14. The system of claim 11, Wherein estimating the cost
associated With removing the machine from service includes
at least one of:

determining a cost associated With replacing the machine
With a second machine or estimating a current cost
associated With a machine maintenance; or

estimating a future cost associated With a future machine

maintenance.

15. The system of claim 14, Wherein estimating the future
cost includes:

estimating a future duration associated With the machine

maintenance; and
determining, based on the historical productivity data, a
value associated With a loss in productivity correspond
ing to removal of the machine during the estimated
future maintenance duration.
16. The system of claim 11, Wherein providing the
machine maintenance recommendation includes:
providing a recommendation to remove the machine from

service if the estimated cost associated With operating
the machine until the future failure date exceeds the
estimated cost associated With removing the machine

from service; and
providing a recommendation to operate the machine until
the future failure date if the estimated cost associated
With removing the machine from service exceeds the
estimated cost associated With operating the machine
until the future failure date.

17. A machine environment comprising:
a machine operating in the machine environment;
a communication module for communicating data asso

ciated With the machine;
at least one monitoring device for collecting health data
associated With at least one component of the machine

and providing the health data to the communication

module;
a system for evaluating risks associated With delaying
machine maintenance communicatively coupled to the
communication module and con?gured to:

receive health data associated With a machine;

analyZe the health data based on predetermined thresh

old data;
estimate a future failure date of a machine component

based on the health data analysis;
estimate a cost and duration associated With repairing

the machine;
analyZe historic productivity data associated With the

machine;
estimate a cost associated With removing the machine

from service based on historic productivity analysis
and the estimated maintenance duration;
compare the estimated cost associated With removing
the machine from service With the estimated cost

associated With the machine maintenance; and
provide a recommendation to remove the machine from

service if the estimated cost associated With operat
ing the machine until the future failure date exceeds
the estimated cost associated With removing the
machine from service; and
provide a recommendation to operate the machine until
the future failure date if the estimated cost associated
With removing the machine from service exceeds the
estimated cost associated With operating the machine
until the future failure date.
18. The machine environment of claim 17, Wherein ana
lyZing the health data includes providing an event alert if the
health data is inconsistent With the predetermined threshold
data, Wherein the event alert corresponds With a prognostic
code associated With one or more potential problems With
the machine.
19. The machine environment of claim 17, Wherein esti

mating the cost associated With removing the machine from
service includes determining, based on the historical pro
ductivity data, a value associated With a loss in productivity
corresponding to removal of the machine during an esti
mated maintenance duration.
20. The machine environment of claim 17, Wherein esti
mating the cost associated With removing the machine from
service includes at least one of:

determining a cost associated With replacing the machine
With a second machine or estimating a current cost
associated With a machine maintenance; or

estimating a future cost associated With a future machine

maintenance.

