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SYSTEM, METHOD, AND COMPUTER SOFTWARE CODE
FOR DETECTING A PHYSICAL DEFECT ALONG A MISSION ROUTE

BACKGROUND OF THE INVENTION

[01]  The field of invention relates to powered systems and, more
specifically, to detecting a physical defect of the powered system, and/or a mission
route upon which the powered svstem travels.

102 Powered syvstems, such as, but not limited to. off-highwayv vehicles,
marine vessels, trains and other rail vehicle svstems, agricultural vehicles, and mass
‘cargo and mass transit transportation vehicles, usually are powered by a power unit,
such as but not limited to a diesel engine. With respect to rail vehicle svstems, the
powered system is a locomotive, which may be part of a train that further includes a
plurality of rail cars, such as freight cars. Usually more than one locomotive is
provided as part of the train, where the grouping of locomotives is commonly referred
to as a locomotive “consist.”” Locomotives are complex syslems with numerous
subsystems, with each subsystem being interdependent on other subsyslems:

[03]  An operator is usually aboard a locomotive to ensure the proper

- operalion of the locomolive, and when there is a locomotive consist, the operalor is
usually aboard a lead locomotive. As noted above, a locomotive consist is a group of
locomotives that operate together for moving a train. In addition to ensuring proper
operations of the locomotive or locomotive consist, the operator is also responsible
for determining operating speeds of the train and forces within the train. To perform
these functions, the operator generally must have extensive experience with operating
the locomotive and various trains over the specified terrain. This knowledge is
needed to comply with prescribed operating speeds that may vary with the train
location along the track. Moreover, the operalor is also responsible for ensuring that
in-train forces remain within acceptable limits.

104]  However, even with knowledge to assure safe operation of a train, the
operator cannol usually operale the train to immediately detect a defect experiencéd
by the train as it traverses a route. Typically such defects are detected by using
accelerometers that are mounted on at least one axle of the train and/or within a cab of
at least one locomotive that is part of the train, or at least one force gauge

measurement device. A force gauge measurement instrument is used to measure the
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force during a “push or pull” experienced during operation of the train. More
specifically. the force gauge measurement device can measure forces at couplers
between the railcars and/or locomotives based on whether at least one of the
locomotives is motoring where it is either pushing the railcars and/or non-motoring
locomotives and/or is pulling railcars and/or non-motoring locomotives. An
acceleromeler is a device for measuring acceleration and gravity induced reaction
forces. Single-axis and multi-axis models are available to detect magﬁitude and
dircction of the acceleration as a vector quantity. Accelerometers can be used to
sense inclination, vibration, and shock.
{05]  Force gauge measuremeni instruments and accelerometers are
mechanical devices which may malf unction due (o weathering and/or normal wear
- and tear. Depending on when one of these devices may fail, the train operator may
not have information provided by these devices available during a mission.
Therelore, train owners and operators would benefit from ha\;ing another approach to

detect train defects while the train is performing a mission.

BRIEF DESCRIPTION OF THE INVENTION

|06] Embodiments of the present invention relate to a system, method, and
a computer software code for detecting a defect along a mission route traveled by the
powered svsiem. The svstem comprises a control svstem connected (o the powered
syvstem for application of tractive effort, and a processor to determine an unplanned
change in the application of tractive effort and/or othenwise associated with the
tractive effort of the powered svstem. Based on the unplanned change, the processor
determines a tvpe of defect encountered along a mission route.

[07]  In another embodiment, the method comprises mohitoring atractive
efTort of the powered system, and identifving an unplanned change in the tractive
effort. A type of the unplanned change in the tractive efTort identified is determined,
using a processor. A tvpe of defect along the mission route is determined based on
the tvpe of unplanned change in tracli\'e.eﬂ"on identified.

[08] Invyet another embodiment, the computer software code is stored on a
computer readable media and executable with a processor. The compulér‘sof lware
code comprises a computer software module for gathering information about a
tractive effort of the powered system. when executed by the processor. A computer -

soltware module for identifying an unplanned change in the tractive effort, when
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executed by the processor is further included. Also included is a computer software
module for determining a type of defect along the mission route based on a type of

unplanned change in tractive effort identified. when executed by the processor.

BRIEF DESCRIPTION OF THE DRAWINGS

[09] A more particular description of the invention briefly described above
will be rendered by reference to specific embodiments thereof that are illustrated in
the appended drawings. Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be considered to be limiting of
its scope, the embodiments of the invention will be described and explained with
‘additional specificity and detail through the use of the accompanying drawings in
which: -

{010] FIG. 1 illustrates a distributed power train to which the teachings of the
present invention can be applied:

[011] FIG. 2 discloses a block diagram depicting an exemplary embodiment
of a route defect detection system for a powered system; and

[012] FIG. 3 depicts a ’ﬂoﬁcharl illustrating an exemplary embodiment of a

method for detecting a physical defect along a mission route with a powered system.

DETAILED DESCRIPTION OF THE INVENTION

[013] Reference will be made below in detail (o exemplary embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible. the same reference numerals used throughout the drawings refer
to the same or like parts. As disclosed below, multiple versions of a same element
may be disclosed. Likewise, with respect to other elements, a singular version is
disclosed. Neither multiple versions disclosed nor a singular version disclosed shall
be considered limiting. Specifically though multiple versions are disclosed a singular
version may be utilized. Likewise, where a singular version is disclosed, multiple
versions may be utilized.

[014] Though exemplary embodiments of the present invention are described
with respect to rail vehicles, or railway (ransportation systems, specifically trains and
locomotives. exemplary embodiments of the invention are also applicable for use with
other powered systems, such as but not limited to marine vessels, off-highway

vehicles, agricultural vehicles, and/or transportation vehicles, each which may use at
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least one engine. Towards this end, when discussing a specified mission, this includes
atask or requirement to be performed by the powered system. Therefore, with respect
to a rail vehicle, marine vessel, agricultural vehicle, mass cargo or mass transit
transportation vehicle, or off-highway vehicle applications, this may refer to the
movement of a collective powered system (where more than one individual powered
system is provided) from a present location to a distant location.

[015] Though diesel powered systems are readily recognized when
discussing trains or locomotives, those skilled in the art will readily recognize that
embodiments of the invention may also be utilized with non-diesel powered systems,
such as but not limited to natural gas powered systems, bio-diesel powered systems,
electric powered sysiems, a combination of the above, etc. Furthermore, the
individual powered svsterm may include multiple engines, other power sources, and/or
additional power sources. such as. but not limited to. battery sources. voltage sources
(such as but not limited to capacitors). chemical sources, pressure based sources (such
as but not limited to spring and/or hvdraulic expansion), electrical current sources
(such as but not limited to inductors), inertial sources (such as but not limited to
flvwheel devices), gravitational-based power sources, and/or thermal-based power
sources. Additionally, the power source may be extemal, such as but not limited to.
an electrically powered system, such as a locomotive or train, where power is sourced
externally from overhead catenary wire, third rail, and/or magnetic levitation coils.

[016] Exemplary’ embodiments of the invention solve problems in the art by
providing a method, svstem, and computer implemented method, such as a computer

software code or computer readable media, for detecting a defect on a mission route
as a powered system progresses along the mission route. With respect to locomotives,
exemplarv embodiments of the present invention are also operable when the
locomotive consist is in distributed power operations. Distributed powef operations
however are not only applicable to locomotives or trains. The other powered systems
disclosed herein mav also operate in a distributed power configuration.

{017] In this document the term “locomotive consist” is used. As used
herein, a locomotive consist may be described as having one or more locomotives in
succession, connected together so as to provide motoring and/or braking capability.
The locomotives are connecled together where no train cars are in between the
locomotives. The train can have more than one locomotive consists in its

composition. Specifically, there can be a lead consist and one or more remote
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consists, such as midway in the line of cars and another remote consist at the end of
the train. Each locomotive consist may have a first locomotive and trail
locomotive(s). Though a first locomotive is usually viewed as the lead locomotive,
those skilled in the art wiil readilyvrecognixe that the first locomotive in a multi
locomotive consist may be physically located in a physically trailing position.

1018] Though a locomotive consist is usually viewed as involving successive
locomotives, those skilled in the art will readily recognize that a consist group of
locomotives may also be recognized as a consist even when one or more rail cars
separate the locomotives, such as when the locomotive consist is configured for
distnbuted power operation, wherein throttle and braking commands are relayed from
the lead locomotive to the rémole trains by a radio link or physical cable. Towards

“this end, the term locomotive consist should not be considered a limiting factor when
discussing multiple locomotives within the same train.

{019] As disclosed herein, the idea of a “consist™ may also be applicable
when referring (o other types of powered systems includihg, but not limited to, marine
vessels, off-highway vehicles, agricultural vehicles, and/or stationary power plants,
that operate together so as to provide motoring, power generation, and/or braking
capability. Therefore, even tﬁough the term locomotive consist is used herein in
regards to cenain illustrative embodiments, this term may also apply to other powered
systems. Similarly, sub-consists may exist. For example, the powered system may
have more than one power generating unit. For example, a power plant may have
more than one diesel electric power unit where optimization may be at the sub-consist
level. Likewise, a locomotive mav have more than one diesel power unit.
Furthermore though the exemplary examples are disclosed with respect to a rail
vehicle, such disclosures are not to be considered limiting. The exemplary
embodiments are also applicable to the other powered sysiems disclosed herein.

[020] Persons skilled in the art will recognize that an apparatus, such as a
data processing system, including a CPU, memory, I/O, program storage, a
connecting bus, and other appropriate components, could be programmed or
othenwise designed to facilitate the practice of the method of the invention. Such a
.s,\'stem would include appropriate program means for executing the method of the
invention.

{021] Also, an article of manufacture, sﬁch as a pre-recorded disk, corﬁputer

readable media, or other similar computer program product, for use with a data
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processing svstem, could include a slorage medium and program means recorded
thereon for directing the data processing svstem to facilitate the practice of the
method of the invention. Such apparatus and articles of manufacture also fall within
the spirit and scope of the invention.

[022] Broadly speaking, a technical effect is to detect a defect on a mission
route as a powered system progresées along the mission route. To facilitate an
understanding of the exemplary embodiments of the invention, it is described
hereinafter with reference to specific implementations thércof. Exemplary
embodiments of the invention may be described in the general context of computer-
executable instructions, such as program modules, being executed by anv device, such
“as but not limited to a computer, designed to accept data, perform prescribed
mathematical and/or logical operations usually at high speed, where results of such
operations may or may not be displaved. Generally, program modules include
routines, programs, objects, components, data structures. etc. that perform particular
tasks or implement particular abstract data types. For example, the software programs
that underlie exemplary embodiments of the invention can be coded in different
programming languages, for use with different devices, or platforms. {n the
description that follows, examples of the invention may be described in the context of
a web portal that em>plo_\;'s a web browser. It will be appreciated, however, that the
principles that underlie exemplary embodiments of the invention can be implemented
with other types of computer software technologies as well,

1023] Moreover, those skilled in the art will appreciate that exemplary
embodiments of the invention may be practiced with other computer system
configurations, including hand-held devices, multiprocessor svstems, microprocessor-
based or programmable consumer electronics, minicomputers, mainframe computers,
and the like. Exemplary embodiments of the invention may also be practiced in
distributed computing environments where tasks are performed by remote processing
devices that are linked through at least one communications network. In a distributed
computing environment, program modules may be located in both local and remote
computer storage media including memory storage devices. '

[024] Referring now to the drawings. embodiments of the present invention
will be described. Exemplarv embodiments of the invention can be implemented in
numerous ways. including as a svstem (including a computer processing system), a

method (including a computerized method), an apparatus, a computer readable
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medium, a computer program product, a graphical user-interface, including a web
portal, or a data structure tangibly fixed in a computer readable memory. Several
embodiments of the invention are discussed below.

[025] FIG. I schematically illustrates a distributed power train 10 in
accordance with an embodiment of the invention. The train 10, traveling in a
direction indicated by an arrow 11, includes a lead unit locomotive 14 and one or
more remote unit locomotives 12. The illusirated exemplary train 10 includes the
rcmotc unit 12 controlled from the lcad unit 14, The distributed power train 10
further includes a plurality of railcars 20 between the lead unit 14 and the remole unit
12. The arrangement of the lead locomotive 14, the remote lqcomotive 12. and
railcars 20 illustrated in F1G. 1 is merely exemplany, as embodiments of the invention
can be applied to other locomotive/railcar arrangements. For example. there may be
other remote units between the remote unit 12, the railcars 20, and the lead unit 14,
such as a remote unit 15 illustrated in FIG. 1, or the train may include no railcars 20.
Each railcar 20 includes an air brake system (not shown) that applies the railcar air
brakes in response to a pressure drop in a brake pipe 22, and releases the air brakes
responsive 10 a pressure rise in the brake pipe 22. The brake pipe 22 runs the length
of the train for conveying the air pressure changes specified by the individual braking
controller (not shown) in the lead unit 14 and the remote units 12.

[026] The lead unit 14 includes a lead controller 30 and a radio frequency
module 28, or remote communications module, for generating and issuing commands
and messages from the lead unit 14 to the remote unit 12, and for receiving reply
messages there from. Commands are generated at the lead controller 30 in response
to operator control of the traction controller (throttle) and in response to operator
contfol of the lead braking controller within the lead unit 4. Though
communications are disclosed as being performed using a radio frequency module,
other forms of communicating are also applicable, such as but not limited to wired
communication, serial communication, optical, multiple data paths, etc.

{027] The remote unit 12 inc]udés a remote controller 32 and remote
communications module 28, for processing and responding (o transmissions from the
lead unit 14 transmitted over the communications link (e.g., by applying tractive
efTort or brakes at the receiving remote unit) and for issuing reply messages (e.g..
acknowledging receipt and implementation of a lead unit command) and status

. messages back to the lead unit 14. (The term “controller” encompasses both single or
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stand-alone controllers, eg.a inicroconlroller or computer, and svstems of
interoperable controllers.) Information from a force gauge measurement instrument
and/or acceleromelers'ma},' be collected at the remote unit 12 and communicated to
the lead unit 14. Such information may be used for a determination or measurement
of tractive effort. Tractive effort may include effort produced by motoring, dynamic
braking, and/or air/friction braking. Tractive effort information may be collected such
as disclosed above and/or with or any other measurement device, and/or tractive efTort
may be determined/measured using information alrcady available which indicates
force, such as bul not limited to motor current, horse power, horse power combined
with speed, etc.

{028} Each locomotive 14 and 12 further includes a dvnamic brake controller
38. Application of the dynamic brakes in the lead locomotive 14 generates a signal
communicated to the remote unit 12 over the communications link. Responsive
thereto, the remote controller 32 controls the dvnamic brake controller 38 of the
remote unit 12 to activate dvnamic braking. Generally, application of the dynamic
brakes generates relatively uniform braking forces throughout the fength of the train.
A transceiver, such as but not limited to a Global Position Satellite ("GPS™)
transceiver, is provided. _

[029] FIG. 2 discloses a block diagram depicting an exemplary embodiment
of a route defect detection system for a powered system 10, such as the train 10
shown in FIG. 1. The system comprises a control system 40 connected to thé
powered svstem 10 for application of tractive effort. In the case of the train 10, the
control system 40 may comprise, or be part of, or be connected to the lead controller
30 and/or to the other subsystems/components shown in FIG. 1. A processor 42 is
included to determine an unplanned change in the application of tractive effort and/or
otherwise associated with the tractive effort of the powered system 10. An unplanned
change in the application of tractive effort may occur when an automatic controller '
43, which is part of the control svstem 40, with little to no operator input, is operating
the train 10. Examples of the automatic controller 43 are disclosed in trip/mission
optimizer patent applications assigned to the Assignee of the present invention, such
as U.S. Patent Application Nos. 11/765,443, 11/669.364, and 11/385,354 (see, for
example, U.S. Publication No. US2007-0219680-A1 dated September 20, 2007), all
which are incorporated herein by reference. Information may be provided to the

automatic controfler 43 which will result in a deviation from a previously planned
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application of tractive efforl. An unplanned change may be based on a plurality of
events including, but not limited to, a change in tractive efTort resulting from an
unexpected external condition (i.e., wheel condition. track condition), and/or a change
in tractive effort resulting from new information received by the controller (i.e.. the
change in tractive effort is unplanned not in thé sense that 1t was uncontrolled. but
rather in that it was not a part of a previous plan).

[030] Based on the determined unplanned change, the processor 42
determines a type of defect along the mission route. To determine the unplanned
changed in the application of tractive effort and/or otherwise associated with the
tractive effort of the powered system, the processor 42 mayv use algorithms that
determine trip optimizer acceleration and deceleration values versus power and train
charactenstics, for example. Additionally, the processor 42 is able o identify a
repetitive unplanned decrease and/or increase in tractive effort for a plurality of axles
of the powered system 10, application of an unplanned increase in tractive effort to
meet a mission objective, a cyclic unplanned increase and/or decrease in tractive
effort, and/or a short term change in a resistance associated with the tractive effort.

[031] The system further comprises a notification device 44 to notify an
operator and/or a route maintainer (entity that maintains the mission route of the
powered vehicle) of the unplanned change in tractive effort and/or the type of defect
determined. Also included is a location detection device 46 o identify a location
along the mission route where the unplanned change is detected. A filter device 48,
or function, may also be included, which is operable with the processor 42 to
determine the unplanned change and/or the tvpe of defect. The filter device 48 may
comprise a low pass filter. a neural net filter, an infinite time series Tayvlor series
expansion filter, a finite time series Tavlor senes expansion filter, and/or a Kalman
filter. The control svstem 40 may adjust tractive effort and/or speéd ol the powered
system in response to the type of defect detected. The adjusiment may be reported to
an operator to make the adjustment and/or the adjustment is accomplished
autonomously in a closed-loop configuration. Those skilled in the art will readily
recognize that a closed-loop configuration is a reference for a closed loop control
svstem and/or process where operation is performed autonomously based on input and
feedback from elements within the system. Thus, based on information provided to

the processor 42, the svstem may command the control system.



WO 2010/147724 PCT/US2010/035058

[032] The defect mav be a result of a change to a surface condition of the
route and/or a change to a part of the powered system that is in contact with a surface
of the route. Therefore. depending on what is measured. the type of defect may be
determined. For example, where the powered system is a train with a locomotive
(having six traction motors, for example), a rail defect due to a gap between abutting
rails may be identified. As the locomotive traverses over the gap, some, or all six,
traction motors of the locomotive may experience wheel slip incidents since less
adhesion is available at that point on the track. Those skilled in the art will recognize
that when the locomotive is motoring, all six traction motors may be providing power
or fewer traction motors, such as four axles, mayv be providing power. Using the
system disclosed above, a repetitive signature which may be detected using the filter
function may be identified representative of a decrease in tractive effort which is
repetitive for the axles experiencing the slip, where the number of powered traction
motors is taken into consideration. The wheel slip incidents may not be limited to a
single locomotive. Wheel slips may be detected for locomotives in the same train.
Thus, the syvstem disclosed above may be used for when locomotives in the same train
encounters wheel slip incidents. The repetitive signature will be different from the
rail vehicle encountering an oil slick or debris on rail because the first few wheels will
clean the rail so that the last axles/wheels would run normally.

[033] Unplanned changes in the application of tractive effort may be
determined by the system sensing or detecling electrical signals of (or associated
with) traction motors in the powered system, or by detecting or measuring the
mechanical motion of one or more traction-related components in the powered
svstem, and analyvzing or comparing the detected or measured values against expected
or trending values. The tvpe of defect in question may then be determined by
analvzing the nature and character of the unplanned change in tractive effort, in
comparison to the configuration of the vehicle and the mission route in question, for
example.

[034] In another example, a locked axle incident on a rail car may be
detected. 1f a sudden step increase in tractive effort is required/detected and no
corresponding decrease occurs. this could be identified as being associated with a
locked axle on rail car. In another example, a flat spot. or womn area, on a wheel may
be detected. This defect may be detected because a periodic rotation speed change in

tractive effort is identified. The system disclosed above would monitor a frequency

10
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response corresponding (o the rotation speed of the wheels for an abnormal frequency.
If the abnormal frequency is transmitted through couplers and/or an
inlercommunication sysiem between a locomoltive and the rail cars, the vehicle
experiencing the flat spot mav also be identified.
[035] FIG. 3 depicts a flowchart 60 illustrating an exemplary embodiment of

a method for detecting a physical defect along a mission route of a powered system.
Tractive effort of the powered system is monitored, at 62. An unplanned change in
the tractive cffort is identified, at 64. Using a processor, a type of unplanned change
in the tractive effort is determined, at 66. (Unless otherwise specified, “ljfpe" of
unplanned change includes both a category of unplanned change and/or one or more
charactenistics or aspects of an unplanned change in tractive effort.) Those skilled in
the art will readily recognize that the processor is not necessarily a general-purpose
processor or computer. As disclosed above, the prdcessor may be part of a systeni
used 1o operate a train with little to no operator input. A type of defect along the
mission route is determined based on the type of unplanned change in tractive effort
identified, at 68. As disclosed above, the defect may be a result of a change to a
surface condition of the route and/or a change 1o a part of the powered s,\.'slem that is
in contact with a surface.of the route. Determining the tvpe of unplanned change in
tractive effort may include identifving a repetitive unplanned decrease and/or increase
in tractive efTort for a plurality of axles of the powered system, application of an
unplanned increase in tractive effort to meet a mission objective, a cyvclic unplanned
increase and/or decrease in tractive effort, and/or a short term change in a resistance
associated with the tractive efTort,

1036]  As further illustrated, an operator and/or a route maintainer is notified
of the unplanned change in tractive effort and/or the tvpe of defect determined, at 70.
If the change in tractive effort is identified as being related to a condition on the rail,
the location is identified, at 72. Knowing the location will allow a maintenance crew
to locate the area of concemn more rapidly. When the defect is detected, tractive effort
and/or speed of the power system is adjusted to ensure sale operations. at 74. The
adjustment may be accomplished autonomously in a closed-loop configuration. More
specifically, the adjustment may be made with minimum to no operator input. in one
embodiment, when the adjustment is being accomplished autonomously in a closed-
loop configuration. the tractive effort is adjusted to ensure safe operations. When in

an open-loop configuration, more specifically when an operator has control. speed is

1t
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adjusted or a combination of speed and tractive effort are adjusted to ensure safe
operations. .

[037] Those skilled in the art will readily recognize that the method disclosed
in the flowchart 40 transforms information about tractive effort into an identification
of when an operational condition with the powered system has changed. which may
affect operations of the powered system. The transformation may be displaved to the
operator and/or result in a change 10 the tractive effort being autonomously made.

[038] Thec mcthod shown in the flowchart 60 may be performed with a
computer sofltware code having computer software modules where the computer
software code is stored on a computer media and is executed with a processor. Thus
each process flow in the flowchart 60 is performed by a computer software module
specific to the process contained in a specific process. For example, identifving an
unplanned change in the tractive effort, when executed by the processor, at 04, is
performed by a computer software module for identifving an unplanned change in the
tractive effort, when executed by the processor. Those skilled in the art will also
recognize that the processor 42 used to implement the method is not a generic
computer. '

1039] While the invention has been described with reference to various
exemplarv embodiments, it will be understood by those skilled in the art that various
changes, omissions and/or additions may be made and equivalents may be substituted
for elements theréoﬁvilhout departing from the spirt and scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material
to the teachings of the invention without departing from the scope thereol. Therefore,
it is intended that the invention not be limited to the particular embodiment disclosed
as the best mode contemplated for carrving out this invention, but that the invention
will include all embodiments falling within the scope of the appended claims.
Moreover, unless specifically stated anv use of the terms f{irst, second, etc. do not
denote any order or importance, but rather the terms first, second, etc. are used 10

distinguish one element from another.
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WHAT IS CLAIMED IS:

1. A route defect detection svstem for a pbwered system, the route defect
detection system comprising: ' .

a control system connected to the powered system for application of tractive
effort; and

a processor to determine an unplanned change in the application of tractive
effort and/or othenwise associated with the tractive effort of the powered system;

wherein bascd on the unplanned change the processor determines a tvpe of

defect encountered along a mission route.

2. The route defect detection system according to claim 1, further
comprising a notification device to notify an operator and/or a route maintainer of the

unplanned change and/or the tvpe of defect determined.

3. The route defect detection system according to claim [, further
comprising a location detection device to identify a location along the mission route

where the unplanned change is determined.

A .
4. The route defect detection system according to claim 1, further
comprising a filter function operable with the processor 10 determine the unplanned

change.

3. The route defect detection system according to claim 4, wherein the
filter function comprises a low pass filter, a neural net filter, an infinite time series
Taylor senes expansion filter, a finite time series Taylor series expansion filter, and/or

a Kalman filter.

6. The route defect detection system according to claim 1, wherein the
unplanned change is determined by the processor identifying a repetitive unplanned
decrease and/or increase in tractive effort for a plurality of axles of the powered
system, application of an unplanned increase in tractive effort 10 meet a mission
objective, a cyclic unplanned increase and/or decrease in tractive elTbrt, and/or a short

term change in a resistance associated with the tractive efTort.
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7. The route defect detection svstem according to claim 1. wherein the
control svstem adjusts tractive effort and/or speed of the powered syslem in response

to the tvpe of defect determined.

8. The route defect detection system according to claim 7, wherein the

adjustment is accomplished autonomously in a closed-loop configuration.

9 The routc defect detection system according to claim 1, wherein the
defect is a result of a change to a surface condition of the mission route and/or a
change 10 a part of the powered system that is in contact with a surface of the mission

route.

10. The route defect detection system according to claim 1, wherein the
powered svstem comprises an off-highway vehicle, an agricultural vehicle, a mass

cargo or mass transit transportation vehicle, a marine vessel, and/or a rail vehicle.

1 A method for detecting a physical defect along a mission route of a
powered svstem, the method comprising: |

monitoring a tractive effort of the powered system;

identifving an unplanned change in the tractive effort;

determining a type of the unplanned change in the tractive effort identified.
using a processor; and

determining a tvpe of defect along the mission route based on the type ol
unplanned change in tractive effort identified.

2. The method according to claim 11, further comprising noufving an
operator and/or a route maintainer of the unplanned change in the tractive efTort

and/or the type of defect determined.
13. The method according to claim 11, further comprising identifving a

Jlocation along the mission route where the unplanned change in the tractive effort

OCCurs.

14
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14 The method according to claim 11, wherein determining the type of the
unplanned change in the ractive effort comprisés identifying a repetitive unplanned
decrease and/or increase in tractive effort for a plurality of axles of the powered
svstem, application of an unplanned increase in tractive effort 10 meet a mission
objective, a cvclic unplanned increase and/or decrease in tractive effort, and/or a shon

term change in a resistance associated with the tractive effort.

15. The method according to claim 11, further comprising adjusting
tractive effort and/or speed of the powered svstem in response to the tvpe of defect

determined.

16, The method according to claim 15, wherein édjusting is accomplished

autonomously in a closed-loop configuration.

17 The method according to claim 11, wherein the defect is a result of a
change to a surface condition of the mission route and/or a change to a part of the

powered system that is in contact with a surface of the mission route.

18. The method according to claim 11, wherein the powered system
comprises an off-highway vehicle, an agricultural vehicle, a mass cargo or mass

transit transportation vehicle, a marine vessel, and/or a rail vehicle.
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