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US 9,429,092 B2 
1. 

FAULT DETECTION AND RESPONSE 
TECHNIQUES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 61/399,776, filed Jul. 16, 2010, which is 
incorporated herein by reference in its entirety. 

BACKGROUND 

Embodiments exemplarily disclosed herein relate gener 
ally to detection of faults within components of complex 
machinery, and more particularly, but not exclusively to, the 
detection of mechanical faults, performance faults, or a 
combination thereof, and control of engine systems based on 
the same. 

Early detection of mechanical faults associated with 
engine systems may provide for more efficient operation, 
control, and repair of such systems and may prevent not only 
high cost system level failures, but also catastrophic failures 
which may be threatening or dangerous to the environment 
(such as oil well pump engine failures, coal mining truck 
spills, fuel truck spills, or the like). Repairs for rotating 
and/or reciprocating components, such as crankshaft-related 
warranty repairs, may reach costs in the millions each year 
for an individual Supplier. Components are therefore typi 
cally over-designed creating additional cost for the Supplier 
and the customer as well as possible compromises in design 
efficiency. 

Routine monitoring of the components may provide indi 
cations relating to potential failure before the failure reaches 
the catastrophic level. However, this approach often 
involves significant loss of Service time and/or increased 
labor costs. Unfortunately, current “in situ detection of 
mechanical failures such as cracks in components internal to 
a given system like a reciprocating and/or rotating machine 
becomes is limited. Indeed, these approaches can be unre 
liable due to inconsistency and error. Moreover, under 
certain circumstances, the detection of a potential failure 
well in advance of it posing a problem may desirable— 
creating a opportunity for preventative action. Thus, there 
remains a need for further contributions in this area of 
technology. 

SUMMARY 

One embodiment of the present application includes a 
unique technique to detect and/or predict faults. Another 
embodiment of the present invention is an automatic fault 
detection system. Other embodiments include unique meth 
ods, systems, devices, and apparatus involving fault detec 
tion in reciprocating and/or rotating machinery. Still other 
embodiments include unique methods, systems, devices, and 
apparatus for detecting the presence and/or severity of 
mechanical and/or performance faults; controlling an opera 
tion of an engine system based upon detection of mechanical 
and/or performance faults; differentiating operational signa 
tures of components based on a condition of an engine 
system, an amount of wear acquired by the engine, and an 
application for which the engine system is being used; and 
adjusting the manner in which the engine system is con 
trolled. Still other embodiments include unique methods, 
systems, devices, and apparatus having a learning capability, 
artificial intelligence, or the like, for increasing the accuracy 
by which faults are detected and/or predicted. Further 
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2 
embodiments, forms, objects, aspects, features, benefits, and 
advantages of the present application shall become apparent 
from the figures and description provided herewith. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an engine system incorpo 
rated within a vehicle. 

FIG. 2 is a schematic view of a fault detection and 
response system according to one embodiment. 

FIG. 3 is a schematic view of the sensor shown in FIG. 1, 
according to one embodiment. 

FIG. 4 is a schematic view of the control system shown 
in FIG. 1, according to one embodiment. 

FIG. 5 is a somewhat schematic view of one embodiment 
of a fault detection and response system coupled to an 
engine system. 

DETAILED DESCRIPTION OF 
REPRESENTATIVE EMBODIMENTS 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiments illustrated in the drawings and specific 
language will be used to describe the same. It will never 
theless be understood that no limitation of the scope of the 
invention is thereby intended. Any alterations and further 
modifications in the described embodiments, and any further 
applications of the principles of the invention as described 
herein are contemplated as would normally occur to one 
skilled in the art to which the invention relates. 

FIG. 1 is a schematic view of an engine system 10 
incorporated within a vehicle 11. The engine system 10 may 
include one or more components and a management system. 
Generally, the components include any mechanical compo 
nents disposed in a cooperative arrangement to generate 
power Suitable for use in a desired application, in addition to 
any other components supporting the function of the 
mechanical components, and in addition to any other com 
ponents that are structured to perform some task or function 
associated with the desired application. This last group of 
components may, for example, be driven by a component 
Such as an engine of the engine system 10 to perform one or 
more tasks or functions associated with the desired appli 
cation. The management system is structured to control 
engine system 10 by controlling an operation of one or more 
of the components. Examples of components are provided 
below. Generally, the management system may include one 
or more sensors, one or more actuators, an Engine Control 
Module (ECM), or the like or a combination thereof, to 
monitor and control an operation of one or more of the 
components. 

In the illustrated embodiment, the engine system 10 is 
provided as an internal combustion system structured to 
generate power for a vehicle Such as a mining truck or a 
heavy-duty truck or any other application. Accordingly, the 
engine system 10 may include a component such as an 
engine 12. As exemplarily illustrated, the engine 12 may be 
provided as an internal combustion engine (e.g., a diesel 
internal combustion engine). It will nevertheless be appre 
ciated that the engine could be provided as any type of 
internal combustion engine (e.g., a diesel internal combus 
tion engine, a gasoline internal combustion engine, any type 
of a gas internal combustion engine (e.g., CNG, LNG, LPG, 
etc.), an ethanol internal combustion engine, or the like or a 
combination thereof), a hybrid fuel/electric engine, an exter 
nal combustion engine, an electric motor, a Stirling engine, 
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a turbine engine, a reaction engine, or the like or a combi 
nation thereof. Alternatively or additionally, other compo 
nents may, for example, include a transmission 14, an 
alternator, a drive axle 16, a turbocharger 18 or the like or 
a combination thereof. Although not necessarily labeled, 
other components may, for example, include a power unit 
(e.g., a compressor, a pump, a water pump, a fuel pump, an 
oil pump, or the like or a combination thereof), a turbo 
charger, Supercharger, a clutch, an exhaust gas recirculation 
device, a heat exchanger, a fuel injector, an accessory drive 
device, a cooling Subsystem, a lubrication Subsystem, an 
engine application attachment, mining equipment, drilling 
equipment, excavating equipment, material conveying 
equipment, or the like or a combination thereof. It will also 
be appreciated that a component may also include one or 
more constituent components of any of the above-mentioned 
components, and may therefore include a damper, a fly 
wheel, a connecting rod, a camshaft, a cylinder, a push rod, 
a rocker arm, an engine block, an engine head, a cylinder 
head, a crankshaft, one or more counterweights of a crank 
shaft (also referred to herein as a "crankshaft counterweight' 
or "crankshaft counterweights'), a piston rod, a piston, a 
bearing (e.g., a journal bearing), a bushing, a sprocket, a 
chain, a sleeve, a gear, a rod, a shaft (e.g., a rotatable shaft), 
a housing, a bracket, a bolt, a clamp, a cam, an axle, or the 
like or a combination thereof. 

Referring to FIG. 2, a fault detection and response system, 
such as fault detection and response system 100, may be 
coupled to the engine system 10. In one embodiment, the 
fault detection and response system 100 may be structured 
to control an operation of the engine system 10 based on the 
presence and/or severity of a detected mechanical or per 
formance fault. One example of a mechanical fault that can 
be detected by the fault detection and response system 100 
is a crack within a component (e.g., which can be detected 
due to a change in a torsional response of a given compo 
nent). Another example of a mechanical fault that be 
detected is a physical displacement of a component. In 
embodiments where the mechanical fault is a crack in the 
component, the existence of the predefined relationship may 
further indicate the propagation speed of the crack within the 
component. In another embodiment, the fault detection and 
response system 100 may be structured to estimate the 
severity of the mechanical fault of the component of the 
engine system 10 and control an operation of the engine 
system 10 based on the estimated severity of the mechanical 
fault. By controlling an operation of the engine system 10, 
in Some instances, complete mechanical failure of the com 
ponent can be prevented or otherwise delayed to allow the 
operator to shutdown the engine 12 at a safer condition, 
depending on the particular application. Alternatively or 
additionally, a warning can be provided to prompt discon 
tinued use until a repair is made, a "limp-home” operating 
mode can be provided, and/or an estimate until the time of 
complete failure can be provided. 
As exemplarily illustrated, the fault detection and 

response system 100 includes a first sensor 102a, a second 
sensor 102b, a third sensor 102c, a fourth sensor 102d, a fifth 
sensor 102e, a sixth sensor 102f and a group of seventh 
sensors 102g. The first through seventh sensors may be 
generically referred to as “sensors 102.” The fault detection 
and response system 100 further includes a signal processing 
system 104 having an input coupled to the output of each 
sensor 102, and a control system 106 having an input 
coupled to an output of the signal processing system 104 and 
an output coupled to the engine system 10 (e.g., an input of 
a component of the management system 108 Such as an 
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4 
ECM, an actuator, or the like). The sensors 102, the signal 
processing system 104, the control system 106 and the 
engine system 10 can be communicatively coupled to each 
other via wired or wireless connections. 
The sensors 102 are operatively coupled to the engine 

system 10 and are structured to monitor one or more 
operational aspects of the engine system 10 (e.g., during 
operation of the engine system 10) and generate sensor 
signals based on the monitoring. In one embodiment, the 
sensor signals generated contain sensor information repre 
senting a property of one or more components 110 (also 
referred to herein as a “component 110' or “components 
110') of the engine system 10. In one embodiment, the 
sensor information represents a change in a property of a 
component 110 of the engine system 10. 
As used herein, an “operational aspect of the engine 

system 10 may, for example, include the vibration frequency 
of a component 110 in the engine system 10, a vibration 
pattern of a component 110 of the engine system 10, a 
temperature of a component 110, a temperature of a fluid 
(e.g., intake air, water, oil, exhaust gas, etc.) within the 
engine system 10; a pressure of a fluid within the engine 
system 10, or the like or a combination thereof. Examples of 
properties of a component 110 that can be represented by 
sensor information include vibration of the component (e.g., 
torsional vibration, linear vibration etc.), displacement of the 
component, vibration frequency of the component (a drop in 
vibration frequency can indicates a drop in component 
stiffness), Velocity (e.g., crack propagation, Stiffness drop, 
rotational Velocity, etc.) of the component, temperature of 
the component (and/or temperature of a fluid within the 
component), pressure of the component (and/or pressure of 
a fluid within the component), or the like or a combination 
thereof. 

In one embodiment, one or more of the sensors 102 
include a sensing element structured to monitor an opera 
tional aspect of the engine system 10. Examples of a sensing 
element that can be included within the sensor 102 include 
an accelerometer, a strain gauge, and the like. The sensor 
102 can include a single sensing element to monitor one or 
more operational aspects of the engine system 10, or mul 
tiple sensing elements (e.g., as a delta sensor) to monitor one 
or more operational aspects of the engine system 10. 
Although FIG. 2 illustrates the sensors 102 as separate from 
the management system 108, one or more of the sensors 102 
may be included as part of the management system 108. 

In one embodiment, the first sensor 102a may be struc 
tured to monitor vibration (e.g., torsional vibration) of a 
component Such as a damper on an internal combustion 
engine and the second sensor 102b may be structured to 
monitor vibration (e.g., torsional vibration) of a component 
Such as a flywheel on the internal combustion engine. 
Accordingly, the first and second sensors 102a and 102b can 
be used to monitor the difference (delta) in the torsional 
vibration of the damper and the flywheel. The third sensor 
102c may be structured to monitor oil temperature within the 
internal combustion engine, the fourth sensor 102d may be 
structured to monitor oil pressure within the internal com 
bustion engine, the fifth sensor 102e may be structured to 
monitor exhaust gas temperature of the internal combustion 
engine, the sixth sensor 102fmay be structured to monitor 
intake air pressure of the internal combustion engine and the 
group of seventh sensors 102g may be structured to monitor 
vibration of a group of components such as crankshaft 
counterweights. Collectively, the damper, flywheel and 
crankshaft counterweights are identified as "components’ at 
110. Similarly, the components where the oil temperature, 
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oil pressure, exhaust gas temperature and intake air pressure 
are monitored are collectively identified as “components’ at 
110. 

Although the embodiment illustrated in FIG. 2 depicts all 
sensors 102a-102g within the fault detection and response 
system 100 as being coupled to the same signal processing 
system 104, it will be appreciated that multiple signal 
processing systems 104 can be provided, and that some or 
each of the sensors 102a-102g can be coupled to a unique 
signal processing system 104. It will also be appreciated that 
the fault detection and response system 100 may include any 
number of sensors, and may even include one sensor. It will 
also be appreciated that the fault detection and response 
system 100 may include any type of sensor. 

Referring to FIG. 3, one embodiment of the sensor 102 
shown in FIG. 2 includes a first sensor element 202a, a 
second sensor element 202b and an output element 204. The 
first sensor element 202a and the second sensor element 
202b are spaced apart from each other by any desired 
distance so as to be operatively coupled to different portions 
of the same component 110. Each of the first sensor element 
202a and the second sensor element 202b generate signals 
corresponding to the operational aspect monitored at their 
respective locations relative to the component 110. The 
output element 204 receives the signals from the first sensor 
element 202a and the second sensor element 202b, performs 
an operation on the signals, and outputs the result of that 
operation as the aforementioned sensor signal of the sensor 
information. In one embodiment, the output element 204 
performs a delta operation on the signals, and outputs the 
result of that operation (i.e., the difference between the 
signals) as the aforementioned sensor signal. Although FIG. 
3 illustrates an embodiment in which the output element 204 
is part of the sensor 102, the output element 204 may be 
partially or completely included within operating logic of 
the signal processing system 104, the control system 106, or 
an ECM of the management system 108 or a combination 
thereof. 

Referring back to FIG. 2, the signal processing system 
104 is structured to receive and process the sensor signal 
generated by the sensor 102. In one embodiment, the signal 
processing system 104 can include an amplifier structured to 
amplify the sensor signal generated by the sensor 102. 
Exemplary amplifiers that may be used include an analog 
amplifier, a digital amplifier, or a combination thereof. In 
another embodiment, the signal processing system 104 can 
include a filter structured to eliminate or otherwise reduce a 
signal-to-noise ratio in the sensor signal. Exemplary filters 
that may be used include passive electronic filters, digital 
filters, mechanical filters, or the like or a combination 
thereof. In one embodiment, an input of the filter may be 
coupled to the output of the amplifier. Although FIG. 2 
illustrates an embodiment in which the fault detection and 
response system 100 includes the signal processing system 
104, it will be appreciated that the signal processing system 
104 may be omitted. Although FIG. 2 illustrates an embodi 
ment in which the signal processing system 104 is separate 
from the sensor 102 and the control system 106, it will be 
appreciated that the signal processing system 104 may be 
completely or partially included within the sensor 102, 
within operating logic of the control system 106, or a 
combination thereof. In various embodiments, the signal 
processing system 104 may be completely or partially 
included in the operating logic (such as programming 
instructions) of an Engine Control Module (ECM), or sepa 
rate therefrom. 
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6 
The control system 106 is structured to generate an 

operational signature of a component 110 based on the 
sensor information. Accordingly, the operational signature 
can be characterized as a correlation of a property of the 
component 110 with operational aspects of the engine sys 
tem 10 that are monitored by the sensors 102 during opera 
tion of the engine system 10. The control system 106 is 
further structured to estimate whether a component 110 of 
the engine system 10 has a mechanical fault based on the 
operational signature. If the component 110 is estimated to 
have a mechanical fault, the control system can control an 
operation of the engine system 10. In one embodiment, the 
control system 106 can control an operation of the engine 
system 10 to reduce a power output of the engine system 10 
and/or take any other action. In one embodiment, the control 
system 106 can control an operation of the engine system 10 
by, for example, determining an engine operating mode 
adjustment and outputting the engine operating mode adjust 
ment to one or more output devices. In some embodiments, 
an output device can be an ECM of the management system 
108, a database, a datalink of an on-board diagnostic system, 
a dashboard that is local to or remote from the engine system 
10, or the like or a combination thereof. In one embodiment, 
an output device is a device (such as the ECM of the 
management system 108) structured to control the operation 
of one or more of the aforementioned components 110 of the 
engine system 10. In one embodiment, the engine operating 
mode adjustment, when received by an output device, is 
configured to cause the output device to adjust an operation 
of one or more components of the engine system 10 (e.g., the 
engine 12, a pump, equipment Such as mining equipment, 
etc.), generate an operator alarm, or the like or a combina 
tion thereof. By determining and outputting an engine oper 
ating mode adjustment, one or more of the aforementioned 
components 110 of the engine system 10 can be protected 
from being undesirably damaged due to mechanical and/or 
performance faults detected by the fault detection and 
response system 100. In one embodiment, the engine oper 
ating mode adjustment can be output by generating a control 
signal and transmitting the control signal to an output device 
such as the management system 108 (e.g., the ECM of the 
management system). The power output of the engine sys 
tem 10 can be reduced by, for example, de-rating the engine 
system 10, idling the engine system 10, or shutting the 
engine system 10 down. In one example, the control system 
106 can control the engine system 10 to operate in a “limp 
home” mode. 

Referring to FIG. 4, one embodiment of the control 
system 106 shown in FIG. 2 can include an input/output or 
I/O interface 302 (also referred to herein as an “interface 
module'), a memory 304 and an analysis system 306 (also 
referred to herein as an “analysis module') coupled to the 
I/O interface 302, the memory 304 and a feedback system 
308 (also referred to herein as an “feedback module'). The 
I/O interface 302, the memory 304, the analysis system 306 
and the feedback system 308 can be communicatively 
coupled to each other via wired or wireless connections. 
The I/O interface 302 may be provided as any device 

Suitable for receiving sensor signals from the signal pro 
cessing system 104 and transmitting control signals to an 
output device (e.g., the management system 108). In one 
embodiment, the I/O interface 302 may further be structured 
to transmit and receive information to and from other 
devices such as diagnostic computers, and the like. 

Generally, the memory 304 is structured to store a plu 
rality of standard or “reference' signatures associated with 
the component 110 in engine system 10. The memory 304 
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can be provided as one or more components and can be of 
any volatile or nonvolatile type, including the Solid state 
variety, the optical media variety, the magnetic variety, any 
combination of these, or Such different arrangement as 
would occur to those skilled in the art. Similar to the 
operational signature, each reference signature correlates a 
previously-monitored or previously-modeled property of a 
reference component with a value within a range of values 
for one or more operational aspects of the engine system 10 
under which the engine system 10 was designed to operate. 
The reference component is generally structured in the same 
manner as the actual component 110 within the engine 
system 10, but is known to not have a mechanical fault. 
Thus, the reference signature contains reference information 
corresponding to the component 110 when the component 
110 is known to be without a mechanical fault. 

In one embodiment, one or more of the reference signa 
tures may further correlate the reference information with 
engine condition information describing one or more con 
ditions in which the engine system 10 can operate. For 
example, the engine condition information may indicate an 
engine system in a new condition, an engine system in a 
repaired condition, or the like. In another embodiment, one 
or more of the reference signatures may further correlate the 
reference information with engine wear information describ 
ing an amount of wear (e.g., on a scale from 0 to 10; 0 
representing no wear and 10 representing a significant 
amount of wear) acquired by the engine system 10. In yet 
another embodiment, one or more of the reference signatures 
may further correlate the reference information with engine 
application information describing the application for which 
the engine system is being used. For example, the engine 
application information may indicate that an engine system 
can be used in a mining application, an automotive appli 
cation, a power unit application (e.g., a pump application, a 
compressor application, etc.), a marine application, an avia 
tion application, a power generation application, (e.g., base 
load generation, prime, peak power generation, peaking 
power generation, etc.), an agriculture application, a con 
struction application, an oil and gas application, or the like 
or a combination thereof. It will be appreciated that one or 
more of the reference signatures may correlate the reference 
information with engine condition information, engine wear 
information, engine application information, or the like or 
any combination thereof. 
The analysis system 306 is structured to perform a com 

parison between the operational signature and the reference 
signature and determine whether the operational signature 
has a predefined relationship with the reference signature 
based on the comparison. If the operational signature is 
determined to have a predefined relationship with the ref 
erence signature, the analysis system 306 estimates that the 
component 110 has a mechanical fault, determines an engine 
operating mode adjustment and outputs the engine operating 
mode adjustment to an output device. 

Generally, the predefined relationship represents a dis 
crepancy between the operational signature and the refer 
ence signature. When there is a discrepancy between the 
operational signature and the reference signature, it can be 
estimated that the component 110 has a mechanical fault. As 
will be appreciated, the magnitude and propagation speed of 
the discrepancy between the operational signature and the 
reference signature can vary. Therefore the severity of the 
mechanical fault of the component 110 can be estimated to 
increase with increasing discrepancy between the opera 
tional signature and the reference signature. For example, on 
a scale of 1 to 10, a discrepancy between 1 and 3 could 
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8 
represent a minimally severe mechanical fault, a discrep 
ancy between 4 and 7 could represent a moderately severe 
mechanical fault and a discrepancy between 8 and 10 could 
represent an extremely severe mechanical fault. 

In one embodiment, the analysis system 306 can be 
structured to compare the operational signature and the 
reference signature to determine whether one of many 
predefined relationships selected from a group of predefined 
relationships exists between the operational signature and 
the reference signature. In this embodiment, the group of 
predefined relationships can, for example, include a first 
predefined relationship representing a first discrepancy, a 
second predefined relationship representing a second dis 
crepancy greater than the first discrepancy, a third predefined 
relationship representing a third discrepancy greater than the 
second discrepancy, and so on. Thus, the existence of a 
predefined relationship not only indicates the estimated 
presence of a mechanical fault within a component 110, but 
also indicates the estimated severity of the mechanical fault 
of the component 110. 

In one embodiment, the analysis system 306 can generate 
a control signal based on the specific predefined relationship 
that exists between the operational signature and the refer 
ence signature. For example, when the first predefined 
relationship exists between the operational signature and the 
reference signature, the analysis system 306 can generate a 
control signal that simply causes an alarm to be generated to 
inform an operator and/or to a remote dashboard. When the 
second predefined relationship exists, the analysis system 
306 can, for example, generate a control signal configured to 
reduce a power output by the engine system 10 to a reduced 
power output level (e.g., to idle the engine system 10). When 
the third predefined relationship exists, the analysis system 
306 can, for example, generate a control signal configured to 
shut the engine system 10 down. It will be appreciated that 
the control signal can be configured to reduce the power 
output by the engine system 10 in any manner to, for 
example, de-rate the engine system 10, idle the engine 
system 10, or shut the engine system 10 down. To minimize 
the risk of an adverse consequence to shutdown of the 
engine system 10 (e.g., a mining truck unexpectedly stop 
ping, a marine vessel not being able to maneuver, etc.), the 
control signal can, in Some embodiments, be configured to 
permit the engine system 10 to be shut down automatically 
or manually. In the case of automatic shutdown, control 
signal can be configured to shut the engine system 10 down 
after a certain period of time or “delay period has elapsed 
after the second predefined relationship was determined to 
exist. The delay period may be any period of time (e.g., 90 
seconds, 150 seconds, 180 seconds, or the like) and may be 
set by a user interfacing with the control system 106, with 
an ECM of the management system 108, or the like or a 
combination thereof. In another embodiment, the delay 
period may be preset within the control system 106, the 
ECM of the management system 108, or the like or a 
combination thereof. In one embodiment, the delay period 
may correspond to an application for which the engine 
system 10 is being used. 

Further because reference information in the reference 
signature can be correlated with other information Such as 
engine condition information, engine wear information, and 
engine application information, the analysis system 306 can 
be structured to determine whether the engine system 10 is 
a new engine system or a repaired engine system, whether 
the engine system 10 has a relatively high amount of wear 
or has a relatively low amount of wear, whether the engine 
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system 10 is used in one application as opposed to any other 
application, or the like or a combination thereof. 

In one embodiment, the analysis system 306 may be 
structured to adjust or update any reference signature stored 
in memory 304 based on a standard calibration (e.g., as 
implemented with a service tool for loading programs into 
the control system 106), through a standard adaptive learn 
ing routine (such as those including an initial learning trial) 
or other artificial intelligence routine, or the like or a 
combination thereof. In one embodiment, the analysis sys 
tem 306 may update an initially-stored reference signature 
based upon, for example, an application for which the 
engine system 10 is being used and as one or more com 
ponents 110 in the engine system 10 (e.g., the engine 12) 
accumulate wear, undergo repairs, experience load cycle 
effects, etc. The reference signature is continuously cor 
rected by the analysis system 306. By continuously correct 
ing an initially-stored reference signature, the likelihood that 
the control system 106 will generate erroneous engine 
operation mode adjustments can be reduced. 

In one embodiment, the analysis system 306 may be 
structured to detect performance failures or faults of the 
engine system 10 (e.g., misfiring, low power, over injection, 
etc.) based on the relationship between the operational 
signature and the reference signature. Such detection of 
performance failures or faults can be accomplished in a 
manner similar to that described above with respect to the 
detection of mechanical faults. 
The feedback system 308 is structured to receive feedback 

information indicating whether the operational signature 
incorrectly indicates the presence of a mechanical and/or 
performance fault. The feedback information can be 
received via the I/O interface 302, the analysis system 306, 
the memory 304, or the like or a combination thereof. In one 
embodiment, the feedback system 308 is further structured 
to adjust the predefined relationship based on the feedback 
information (e.g., such that a Subsequent comparison 
between the operational signature and the reference signa 
ture will at least be more likely to correctly indicate the 
presence of a mechanical and/or performance fault). Accord 
ingly, the feedback system 308 can be used to eliminate or 
otherwise reduce the number of false alarms generated by 
the fault detection and response system 100. In one embodi 
ment, the feedback system 308 adjusts the predefined rela 
tionship by generating and transmitting an adjustment signal 
to the analysis system 306. Accordingly, the feedback sys 
tem 308 and analysis system 306 are structured to impart a 
learning capability or artificial intelligence to the fault 
detection and response system 100 to eliminate or otherwise 
reduce the number of false alarms generated by the fault 
detection and response system 100. Although FIG. 4 illus 
trates an embodiment in which the control system 106 
includes the feedback system 308, it will be appreciated that 
the feedback system 308 may be omitted from the control 
system 106. 

Although FIG. 2 illustrates the control system 106 as 
separate from the management system 108, it will be appre 
ciated that one or more of the components of the control 
system 106, or the functions performed by one or more of 
the components of the control system 106, may be included 
as part of, or be performed by, the management system 108. 
For example, in embodiments where the management sys 
tem 108 includes an ECM, one or more of the I/O interface 
302, the memory 304, the analysis system 306 and the 
feedback system 308 can be included as part of the ECM. In 
another example, the functions performed by one or more of 
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10 
the I/O interface 302, the memory 304, the analysis system 
306 and the feedback system 308 may be performed by the 
ECM. 
The fault detection and response system 100, exemplarily 

described with respect to the numerous embodiments herein, 
can be structured to operate automatically (e.g., without 
instruction from a user) to control an operation of the engine 
system 10 based on the presence and/or severity of a 
detected mechanical and/or performance fault. In one 
embodiment, automatic operation of the fault detection and 
response system 100 is accomplished by operating the fault 
detection and response system 100 continuously (e.g., while 
the engine system 10 is in operation). In another embodi 
ment, automatic operation is accomplished by operating the 
fault detection and response system 100 whenever a pre 
defined event occurs. Examples of a predefined event 
include: the generation of a periodic signal generated by the 
control system 106 or an ECM in the management system 
108; the generation of a signal generated by the ECM in the 
management system 108 indicating that the engine system 
10 has been operating for a particular amount of time, under 
a particular load, at a particular temperature, or the like or a 
combination thereof, or the like or a combination thereof. 
One or more components such as the output element 204, 

the signal processing system 104, the analysis system 306, 
the feedback system 308 and the ECM in the management 
system 108 may, for example, include a processor (not 
shown) that is structured to execute operating logic defining 
various control, determining, comparing, storing and/or 
adjusting functions. This operating logic may be in the form 
of dedicated hardware, such as a hardwired State machine, 
programming instructions, and/or a different form as would 
occur to those skilled in the art. The processor may be 
provided as a single component, or a collection of opera 
tively coupled components; and may be comprised of digital 
circuitry, analog circuitry, or a hybrid combination of both of 
these types. When of a multi-component form, the processor 
may have one or more components remotely located relative 
to the others. The processor can include multiple processing 
units arranged to operate independently, in a pipeline pro 
cessing arrangement, in a parallel processing arrangement, 
and/or Such different arrangement as would occur to those 
skilled in the art. In one embodiment, the processor is a 
programmable microprocessing device of a solid-state, inte 
grated circuit type that includes one or more processing units 
and memory. The processor can include one or more signal 
conditioners, modulators, demodulators, Arithmetic Logic 
Units (ALUs), Central Processing Units (CPUs), limiters, 
oscillators, control clocks, amplifiers, signal conditioners, 
filters, format converters, communication ports, clamps, 
delay devices, memory devices, and/or different circuitry or 
functional components as would occur to those skilled in the 
art to perform the desired control, management, and/or 
regulation functions. The memory devices can be comprised 
of one or more components and can be of any Volatile or 
nonvolatile type, including the Solid State variety, the optical 
media variety, the magnetic variety, any combination of 
these, or Such different arrangement as would occur to those 
skilled in the art. In one form, the processor includes a 
computer network interface to facilitate communications 
using the Controller Area Network (CAN) standard among 
various components of the fault detection and response 
system 100 and/or components not included in the depicted 
system, as desired. 

Referring to FIG. 5, an engine system, Such as engine 
system 400, may include a management system 108 and a 
component 110. AS exemplarily illustrated, the management 
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system 108 includes an ECM and the component 110 
includes an internal combustion engine 402 and constituent 
components such as a damper 404 and a flywheel 406 
connected to opposite ends of a crankshaft (not labeled). 
FIG. 5 also illustrates a fault detection and response system 5 
structured to detect the presence of a mechanical fault (e.g., 
a crack) within a component (e.g., the crankshaft) of the 
internal combustion engine 402 and output an engine opera 
tion mode adjustment to the ECM of the management 
system 108. In view of the discussion above, it will also be 
appreciated that the fault detection and response system 
shown in FIG. 5 may also be structured to detect the 
presence of a performance fault of the internal combustion 
engine 402. Accordingly, the fault detection and response 
system can include the aforementioned first to seventh 
sensors 102a-102g, the signal processing system 104 and the 
control system 106. Although the fault response system is 
illustrated as including the second sensor 102b, it will be 
appreciated that this component may be omitted depending 20 
on the specific configuration of the engine 402. 
As exemplarily shown, the first sensor 102a is operatively 

coupled to the damper 404, the second sensor 102b is 
operatively coupled to the flywheel 406, the third sensor 
102c is operatively coupled to a structure (e.g., an oil gallery 25 
at a cylinder block of the internal combustion engine 402) 
where the oil temperature for the internal combustion engine 
402 can be measured, the fourth sensor 102d is operatively 
coupled to a structure (e.g., an oil gallery at cylinder block 
of the cylinder block of the internal combustion engine 402) 30 
where the oil pressure for the internal combustion engine 
402 can be measured, the fifth sensor 102e is operatively 
coupled to a structure (e.g., an exhaust manifold of the 
internal combustion engine 402) where the exhaust gas 
temperature for the internal combustion engine 402 can be 35 
measured, the sixth sensor 102f is operatively coupled to the 
a structure (e.g., the intake air manifold) of the internal 
combustion engine 402 and the group of seventh sensors 
102g are operatively coupled to the crankshaft counter 
weights (not shown) attached to the internal combustion 40 
engine 402. 

In one embodiment, the first sensor 102a may be provided 
as a delta sensor (e.g., as described above with respect to 
FIG. 3) and be structured to monitor a vibration property of 
the damper 404. Similarly, the second sensor 102b may be 45 
provided as a delta sensor (e.g., as described above with 
respect to FIG. 3) and be structured to monitor a vibration 
property of the flywheel 406. The third and fifth sensors 
102c and 102e may be provided as temperature sensors 
whereas the fourth and sixth sensors 102d and 102fmay be 50 
provided as pressure sensors. The seventh sensors 102g may 
be provided as any suitable type of vibration sensor. The 
signal processing system 104 is structured to process (e.g., 
amplify and/or filter) sensor signals generated by the first to 
seventh sensors 102a-102g and thereafter transmit the sen- 55 
Sor signals to the control system 106 (e.g., via wired 
connections 408) as sensor information. In one embodiment, 
the control system 106 is structured to generate an opera 
tional signature based on sensor information generated by 
one or more of the sensors 102a-102g. For example, the 60 
operational signature can be generated based on sensor 
information generated by sensors 102a-102g, sensor infor 
mation generated by sensors 102a and 102c-102g, sensor 
information generated by sensors 102a and 102b, or sensor 
information generated by sensor 102a. In one embodiment, 65 
the accuracy of the operational signature generated can be 
increased by increasing the number of sensors used. 
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15 
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Many different embodiments of the present application 

are envisioned. For example, in a first of such other embodi 
ments, a system can include an engine system having a 
component; a sensor operatively coupled to the engine 
system, the sensor being structured to generate sensor infor 
mation; a control system coupled to the sensor and the 
engine system. The control system can be structured to: 
generate an operational signature of the component based on 
the sensor information; estimate whether the component has 
a mechanical fault based on the operational signature; deter 
mine an engine operating mode adjustment based on the 
operational signature if the component is estimated to have 
a mechanical fault; and output the engine operating mode 
adjustment to an output device. 

In the aforementioned first embodiment, the sensor can be 
structured to monitor a vibration of the component during 
operation of the engine system. In the aforementioned first 
embodiment, the sensor can include an accelerometer. In the 
aforementioned first embodiment, the sensor can include a 
delta sensor. In the aforementioned first embodiment, the 
sensor information can represent a change in a vibration 
characteristic of the component. 

In the aforementioned first embodiment, the control sys 
tem can include: a memory structured to store a reference 
signature containing information corresponding to the com 
ponent when the component does not have a mechanical 
fault; and an analysis system coupled to the memory. The 
analysis system may be structured to: perform a comparison 
between the operational signature and the reference signa 
ture; determine whether the operational signature has a 
predefined relationship with the reference signature based on 
the comparison; and estimate that the component has the 
mechanical fault if the operational signature has the pre 
defined relationship with the reference signature. 

In the aforementioned first embodiment, the control sys 
tem can be further structured to: receive other information 
representing whether the estimate is incorrect; and adjust the 
predefined relationship based on the other information. 

In the aforementioned first embodiment, the reference 
signature may further contain information corresponding to 
a condition of the component. The condition can be selected 
from the group consisting of a new component and a 
repaired component. 

In the aforementioned first embodiment, the reference 
signature can further contain information corresponding to 
an amount of wear of the engine system. 

In the aforementioned first embodiment, the reference 
signature can further contain information corresponding to 
an application of the engine system. The reference signature 
can contain information corresponding to an application of 
the engine system selected from the group consisting of an 
automotive application, an agriculture application, a con 
struction application, an industrial application, an oil and gas 
application, a power unit application, a mining application, 
a marine application, an aviation application, and a power 
generation application. 

In the aforementioned first embodiment, the analysis 
system can be further structured to update the reference 
signature based upon at least one selected from the group 
consisting of an application for which the engine system is 
being used, an extent to which a component of the engine 
system accumulates wear, a repair of a component of the 
engine system, and an extent to which a component of the 
engine system experiences load cycle effects. 

In the aforementioned first embodiment, the component 
can be at least one selected from the group consisting of a 
crankshaft, a piston rod, a piston, an engine block, an engine 
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head, a turbocharger apparatus, an exhaust gas recirculation 
device, a heat exchanger, a fuel injector, a mechanical 
actuator, a journal bearing, a rotatable shaft, a cam, an axle, 
a flywheel, an accessory drive device, a power unit, a 
cooling Subsystem, an engine application attachment, and a 
lubrication subsystem. In the aforementioned first embodi 
ment, the component can be at least one selected from the 
group consisting of mining equipment, drilling equipment, 
excavating equipment, and material conveying equipment. 

In the aforementioned first embodiment, the system may 
further include a means for modifying the reference signa 
ture. The modifying means includes an artificial intelligence 
routine configured to continuously correct or modify the 
reference signature. Additionally or alternatively, the modi 
fying means includes a service tool for loading new pro 
gramming into the control system. 

In a second of Such other embodiments, a method may 
include: receiving sensor information from a sensor opera 
tively coupled to an engine system having a component; 
generating an operational signature of the component based 
on the sensor information; estimating whether the compo 
nent has a mechanical fault based on the operational signa 
ture; determining an engine operation mode adjustment if 
the component is estimated to have a mechanical fault; and 
outputting the engine operation mode adjustment to an 
output device. 

In the aforementioned second embodiment, the method 
can further include: comparing the operational signature 
with a reference signature containing information corre 
sponding to the component when the component does not 
have the mechanical fault; determining whether the opera 
tional signature has a predefined relationship with the ref 
erence signature based on the comparison; and estimating 
that the component has the mechanical fault if the opera 
tional signature has the predefined relationship with the 
reference signature. 

In the aforementioned second embodiment, the method 
may further include: receiving other information indicating 
whether the estimating is incorrect; and adjusting the pre 
defined relationship based on the other information. 

In a third of such other embodiments, a method may 
include powering operation of a system with an internal 
combustion engine; during the operation of the system, 
monitoring vibration of one or more components of the 
system; generating an operational signature based on the 
vibration; with the system, performing a comparison of the 
operational signature to a reference signature; and indicating 
whether at least one of the components has a mechanical 
fault as a function of the comparison with the system. 

In the aforementioned third embodiment, the method may 
include rotating the at least one of the components when the 
operation of the system is normal. 

In the aforementioned third embodiment, the method may 
include reciprocating the at least one of the components 
when the operation of the system is normal. 

In the aforementioned third embodiment, the method may 
include indicating two or more of the components has 
mechanically failed. 

In the aforementioned third embodiment, the method may 
include, with the system, updating the reference signature. 
The updating may include operating an adaptive learning 
routine. Additionally or alternatively, the updating may 
include adjusting for nominal wear. 

In the aforementioned third embodiment, the system is 
one of a vehicle, a power unit, and an electric power 
generation device (or any other system capable of use in an 
application as defined herein). 
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14 
In the aforementioned third embodiment, the one or more 

components can be selected from the group consisting of a 
crankshaft, a piston rod, a piston, an engine block, an engine 
head, a turbocharger apparatus, an exhaust gas recirculation 
device, a heat exchanger, a fuel injector, a mechanical 
actuator, a journal bearing, a rotatable shaft, a cam, an axle, 
a flywheel, an accessory drive device, a power unit, a 
cooling Subsystem, an engine application attachment, and a 
lubrication subsystem. In the aforementioned third embodi 
ment, the one or more components can be selected from the 
group consisting of mining equipment, drilling equipment, 
excavating equipment, and material conveying equipment. 

In a fourth of Such other embodiments, a system may 
include an interface module structured to receive sensor 
information from a sensor operatively coupled to an engine 
system having a component; and an analysis module 
coupled to the interface module. The analysis module may 
be structured to: generate an operational signature of the 
component based on the sensor information; estimate 
whether the component has a mechanical fault based on the 
operational signature; determine an engine operating mode 
adjustment based on the operational signature if the com 
ponent is estimated to have a mechanical fault; and output 
the engine operating mode adjustment to the interface mod 
ule. 

In a fifth of Such other embodiments, a system may 
include: means for receiving sensor information from a 
sensor operatively coupled to an engine system having a 
component; means for generating an operational signature of 
the component based on the sensor information; means for 
estimating whether the component has a mechanical fault 
based on the operational signature; means for determining 
an engine operation mode adjustment if the component is 
estimated to have a mechanical fault; and means for out 
putting the engine operation mode adjustment to an output 
device. 

In the aforementioned fifth embodiment, the system can 
further include: means for comparing the operational signa 
ture with a reference signature containing information cor 
responding to the component when the component does not 
have the mechanical fault, means for determining whether 
the operational signature has a predefined relationship with 
the reference signature based on the comparison; and means 
for estimating that the component has the mechanical fault 
if the operational signature has the predefined relationship 
with the reference signature. 

In the aforementioned fifth embodiment, the system may 
further include: means for receiving other information indi 
cating whether the estimating is incorrect; and means for 
adjusting the predefined relationship based on the other 
information. 

In a sixth of Such other embodiments, a system may 
include means for powering operation of a system with an 
internal combustion engine; means for monitoring vibration 
of one or more components of the system during the 
operation of the system; means for generating an operational 
signature based on the vibration; means for performing a 
comparison of the operational signature to a reference 
signature with the system; and means for indicating whether 
at least one of the components has a mechanical fault as a 
function of the comparison with the system. 

In the aforementioned sixth embodiment, the system may 
include means for rotating the at least one of the components 
when the operation of the system is normal. 

In the aforementioned sixth embodiment, the system may 
include means for reciprocating the at least one of the 
components when the operation of the system is normal. 
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In the aforementioned sixth embodiment, the system may 
include means for indicating two or more of the components 
has mechanically failed. 

In the aforementioned sixth embodiment, the system may 
include means for updating the reference signature. The 
means for updating may include means for operating an 
adaptive learning routine. Additionally or alternatively, the 
means for updating may include means for adjusting for 
nominal wear (e.g., by continuously correcting the reference 
signature). 

In the aforementioned sixth embodiment, the system is 
one of a vehicle, a power unit, and an electric power 
generation device. 

In the aforementioned sixth embodiment, the one or more 
components can be selected from the group consisting of a 
crankshaft, a piston rod, a piston, an engine block, an engine 
head, a turbocharger apparatus, an exhaust gas recirculation 
device, a heat exchanger, a fuel injector, a mechanical 
actuator, a journal bearing, a rotatable shaft, a cam, an axle, 
a flywheel, an accessory drive device, a power unit, a 
cooling Subsystem, an engine application attachment, and a 
lubrication Subsystem. 

In a seventh of such other embodiments, methods and 
systems are provided to protect any of the aforementioned 
components of the engine system from damage due to faults 
(e.g., mechanical faults, performance faults, etc.). 

In an eighth of Such other embodiments, a system can 
include an engine system having a component; a sensor 
operatively coupled to the engine system, the sensor being 
structured to generate sensor information; a control system 
coupled to the sensor and the engine system. The control 
system can be structured to: generate an operational signa 
ture of the component based on the sensor information; 
estimate whether the engine system has a performance fault 
based on the operational signature; determine an engine 
operating mode adjustment based on the operational signa 
ture if the engine system is estimated to have a performance 
fault; and output the engine operating mode adjustment to an 
output device. 

In a ninth of Such other embodiments, a method may 
include: receiving sensor information from a sensor opera 
tively coupled to an engine system having a component; 
generating an operational signature of the component based 
on the sensor information; estimating whether the engine 
system has a performance fault based on the operational 
signature; determining an engine operation mode adjustment 
if the engine system is estimated to have a performance 
fault; and outputting the engine operation mode adjustment 
to an output device. 

In a tenth of Such other embodiments, a system may 
include an interface module structured to receive sensor 
information from a sensor operatively coupled to an engine 
system having a component; and an analysis module 
coupled to the interface module. The analysis module may 
be structured to: generate an operational signature of the 
component based on the sensor information; estimate 
whether the engine system has a performance fault based on 
the operational signature; determine an engine operating 
mode adjustment based on the operational signature if the 
engine system is estimated to have a performance fault; and 
output the engine operating mode adjustment to the interface 
module. 

In an eleventh of Such other embodiments, a system may 
include: means for receiving sensor information from a 
sensor operatively coupled to an engine system having a 
component; means for generating an operational signature of 
the component based on the sensor information; means for 
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estimating whether the engine system has a performance 
fault based on the operational signature; means for deter 
mining an engine operation mode adjustment if the engine 
system is estimated to have a performance fault; and means 
for outputting the engine operation mode adjustment to an 
output device. 

In a twelfth of such other embodiments, a system may 
include means for powering operation of a system with an 
internal combustion engine; means for monitoring vibration 
of one or more components of the system during the 
operation of the system; means for generating an operational 
signature based on the vibration; means for performing a 
comparison of the operational signature to a reference 
signature with the system; and means for indicating whether 
the internal combustion engine has a performance fault as a 
function of the comparison with the system. 
Any theory, mechanism of operation, proof, or finding 

stated herein is meant to further enhance understanding of 
the present invention and is not intended to make the present 
invention in any way dependent upon Such theory, mecha 
nism of operation, proof, or finding. It should be understood 
that while the use of the word preferable, preferably or 
preferred in the description above indicates that the feature 
so described may be more desirable, it nonetheless may not 
be necessary and embodiments lacking the same may be 
contemplated as within the scope of the invention, that scope 
being defined by any claims that follow. In reading the 
claims it is intended that when words such as “a,” “an,” “at 
least one.” “at least a portion” are used there is no intention 
to limit the claim to only one item unless specifically stated 
to the contrary in the claim. Further, when the language “at 
least a portion' and/or “a portion' is used the item may 
include a portion and/or the entire item unless specifically 
stated to the contrary. While the invention has been illus 
trated and described in detail in the drawings and foregoing 
description, the same is to be considered as illustrative and 
not restrictive in character, it being understood that only the 
selected embodiments have been shown and described and 
that all changes, modifications and equivalents that come 
within the spirit of the invention as defined herein are 
desired to be protected. 

What is claimed is: 
1. A system comprising: 
an engine system including a flywheel and a damper; 
a first sensor and a second sensor operatively coupled to 

the engine system, the first sensor and the second 
sensor being structured to generate sensor information 
regarding a torsional vibration difference between the 
flywheel and the damper; 

a control system coupled to the first sensor, the second 
sensor, and the engine system, the control system 
including a memory and a plurality of reference sig 
natures for the flywheel and the damper stored in the 
memory that include reference information for the 
torsional vibration difference between the flywheel and 
the damper without a mechanical fault, the control 
system being configured to: 
generate an operational signature of the flywheel and 

the damper based on the sensor information gener 
ated during operation of the engine system; 

update a reference signature of the flywheel and the 
damper, wherein the reference signature is selected 
from the plurality of reference signatures; 

compare the operational signature with the reference 
signature; 
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estimate whether a fault exists within the engine system 
based on the comparison of the operational signature 
with the reference signature; 

determine an engine operating mode adjustment based 
on the operational signature if a fault is estimated to 
exist; 

output the engine operating mode adjustment to an 
output device; and 

operate the engine system in response to the engine 
operation mode adjustment. 

2. The system of claim 1, wherein the first sensor and the 
second sensor are structured to monitor a vibration of the 
flywheel and the damper during operation of the engine 
system. 

3. The system of claim 1, wherein the first sensor and the 
second sensor comprise an accelerometer. 

4. The system of claim 1, wherein the first sensor and the 
second sensor comprise a delta sensor. 

5. The system of claim 1, wherein the fault includes a 
mechanical fault of at least one of the flywheel and the 
damper. 

6. The system of claim 1, wherein the fault includes a 
performance fault of the engine system. 

7. The system of claim 1, wherein the control system 
comprises: 

a memory structured to store the reference signature 
containing information corresponding to the flywheel 
and the damper when the engine system does not have 
a mechanical fault; and 

an analysis system coupled to the memory and structured 
tO: 

perform the comparison between the operational sig 
nature and the reference signature; 

determine whether the operational signature has a pre 
defined relationship with the reference signature 
based on the comparison; and 

estimate that the engine system has the mechanical 
fault if the operational signature has the predefined 
relationship with the reference signature. 

8. The system of claim 7, wherein the control system is 
further structured to: 

receive other information representing whether the esti 
mate is incorrect; and 

adjust the predefined relationship based on the other 
information. 

9. The system of claim 7, wherein the reference signature 
further contains information corresponding to a condition of 
the flywheel and the damper. 

10. The system of claim 9, wherein the condition is 
selected from the group consisting of a new component of 
the engine system and a repaired component of the engine 
system. 

11. The system of claim 7, wherein the reference signature 
further contains information corresponding to an amount of 
wear of the engine system. 

12. The system of claim 1, wherein the control system is 
configured to: 

Select the reference signature based on an application for 
which the engine system is to be used; and 

update the selected reference signature of the flywheel 
and the damper for nominal wear. 

13. The system of claim 7, wherein the analysis system is 
further structured to continuously correct the reference sig 
nature based upon at least one selected from the group 
consisting of an application for which the engine system is 
being used, an extent to which a component of the engine 
system accumulates wear, a repair of a component of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
engine system, and an extent to which a component of the 
engine system experiences load cycle effects. 

14. The system of claim 1, wherein the engine system 
further includes components selected from the group con 
sisting of a crankshaft, a piston rod, a piston, an engine 
block, an engine head, a turbocharger apparatus, an exhaust 
gas recirculation device, a heat exchanger, a fuel injector, a 
mechanical actuator, a journal bearing, a rotatable shaft, a 
cam, an axle, an accessory drive device, a power unit, a 
cooling Subsystem, an engine application attachment, and a 
lubrication Subsystem. 

15. The system of claim 1, wherein the engine system 
includes at least one component selected from the group 
consisting of mining equipment, drilling equipment, exca 
Vating equipment, and material conveying equipment. 

16. The system of claim 7, further comprising a means for 
modifying the reference signature. 

17. The system of claim 16, wherein the modifying means 
includes an artificial intelligence routine. 

18. The system of claim 16, wherein the modifying means 
includes a service tool for loading new programming into 
the control system. 

19. A method, comprising: 
powering operation of an engine system including a 

flywheel and a damper; 
receiving, at a controller, sensor information regarding a 

torsional vibration difference between the flywheel and 
the damper from a first sensor and a second sensor 
operatively coupled to the engine system; 

generating, with the controller, an operational signature of 
the flywheel and the damper based on the sensor 
information; 

selecting, from a memory of the controller, a reference 
signature from a plurality of reference signatures for 
the flywheel and the damper that each include reference 
information for the torsional vibration difference cor 
responding to the engine system operating without a 
mechanical fault; 

updating, with the controller, the selected reference sig 
nature of the flywheel and the damper; 

estimating whether the engine system has a mechanical 
fault based on a comparison of the operational signa 
ture with the selected reference signature; 

determining an engine operation mode adjustment if the 
component is estimated to have a mechanical fault; and 

operating the engine system in response to the engine 
operation mode adjustment. 

20. The method of claim 19, further comprising: 
comparing the operational signature with the selected 

reference signature containing information correspond 
ing to the component when the component does not 
have the mechanical fault; 

determining whether the operational signature has a pre 
defined relationship with the selected reference signa 
ture based on the comparison; and 

estimating that the component has the mechanical fault if 
the operational signature has the predefined relation 
ship with the selected reference signature. 

21. The method of claim 20, further comprising: 
receiving other information indicating whether the esti 

mating is incorrect; and 
adjusting the predefined relationship based on the other 

information. 
22. A method, comprising: 
powering operation of a system with an internal combus 

tion engine; 
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during the operation of the system, monitoring a torsional 
vibration difference between a flywheel and a damper 
of the internal combustion engine; 

generating an operational signature based on the torsional 
vibration difference; 

Selecting a reference signature from a plurality of refer 
ence signatures for the flywheel and the damper, 
wherein each reference signature includes reference 
information for the torsional vibration difference cor 
responding to the internal combustion engine operating 
without a mechanical fault; 

with the system, updating the selected reference signature 
of the flywheel and the damper based on: 

with the system, performing a comparison of the opera 
tional signature to the updated reference signature; 

determining whether the internal combustion engine has a 
mechanical fault as a function of the comparison; 

determining an estimated severity of the mechanical fault 
based on the comparison; 

providing, based on the estimated severity, one of a 
warning signal to display on an output device and a 
power output level reduction signal to the internal 
combustion engine; and 

operating the engine system in response to the engine 
operation mode adjustment. 

23. The method of claim 22, which includes rotating the 
flywheel and the damper when the operation of the system 
is normal. 

24. The method of claim 22, which includes indicating the 
internal combustion engines has mechanically failed. 

25. The method of claim 22, wherein the updating 
includes operating an adaptive learning routine. 

26. The method of claim 22, wherein the system is one of 
a vehicle, a power unit, and an electric power generation 
device. 

27. The method of claim 22, wherein the system further 
includes one or more components selected from the group 
consisting of a crankshaft, a piston rod, a piston, an engine 
block, an engine head, a turbocharger apparatus, an exhaust 
gas recirculation device, a heat exchanger, a fuel injector, a 
mechanical actuator, a journal bearing, a rotatable shaft, a 
cam, an axle, an accessory drive device, a power unit, a 
cooling Subsystem, an engine application attachment, and a 
lubrication Subsystem. 

28. The method of claim 22, wherein the system includes 
one or more components selected from the group consisting 
of mining equipment, drilling equipment, excavating equip 
ment, and material conveying equipment. 

29. A system, comprising: 
an electronic controller operably coupled to an engine 

system including a damper and a flywheel, the elec 
tronic controller being structured to receive sensor 
information regarding a torsional vibration difference 
between the damper and the flywheel from a first sensor 
and a second sensor operatively coupled to the engine 
system to determine a control signal, and to provide the 
control signal to the engine system; and 

the electronic controller including a memory and one or 
more corresponding reference signatures for the 
damper and flywheel stored in the memory that 
includes reference information for the torsional vibra 
tion difference corresponding to the operation of the 
engine system without a mechanical fault, the elec 
tronic controller further being configured to: 
generate an operational signature of the flywheel and 

the damper based on the sensor information; 
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update the one or more corresponding reference signa 

tures of the flywheel and the damper; 
compare the operational signature with the one or more 

corresponding reference signatures; 
estimate whether the engine system has a mechanical 

fault based on the comparison of the operational 
signature with the one or more corresponding refer 
ence signatures: 

determine an engine operating mode adjustment based 
on the operational signature if the engine system is 
estimated to have a mechanical fault; 

output the engine operating mode adjustment, 
wherein the control signal is based on the engine 

operating mode adjustment; and 
operate the engine system in response to the engine 

operation mode adjustment. 
30. The system of claim 29, wherein the electronic 

controller is further structured to: 
determine a number of predefined relationships that exist 

between the operational signature and the one or more 
corresponding reference signatures based on a com 
parison between the operational signature of the fly 
wheel and the damper and the reference signatures 
corresponding to the flywheel and the damper, wherein 
the engine operating mode adjustment determination is 
further based on the number of predefined relation 
ships. 

31. The system of claim 30, wherein the engine operating 
mode adjustment comprises an alarm signal when the num 
ber of predefined relationships determined to exist meets a 
first condition, an engine system power reduction signal 
when the total number of predefined relationships deter 
mined to exist meets a second condition, and an engine 
system shut-down signal when the total-number of pre 
defined relationships determined to exist meets a third 
condition. 

32. The system of claim 29, wherein the electronic 
controller is further structured to: 

determine an estimated severity of the fault, 
wherein the engine operating mode adjustment is further 

determined based on the estimated severity. 
33. The system of claim 29, wherein the operational 

signature of the flywheel and the damper is further deter 
mined based on at least one of a condition information of the 
internal combustion engine and a wear information of the 
internal combustion engine. 

34. The system of claim 29, wherein the engine operating 
mode adjustment includes at least one of a power output 
level reduction output and an alarm output. 

35. The system of claim 22, wherein the power output 
level reduction of the engine system includes a de-rate 
condition of the internal combustion engine, an idle condi 
tion of the internal combustion engine, and a shut-down 
condition of the internal combustion engine. 

36. The system of claim 29, wherein the electronic 
controller is configured to: 

update the one or more corresponding reference signa 
tures of the flywheel and the damper for nominal wear; 
and 

select the one or more corresponding reference signatures 
based on an application for which the engine system is 
to be used. 

37. The method of claim 22, further comprising updating, 
with the system, the selected reference signature of the 
flywheel and the damper based on an application in which 
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the internal combustion engine is to be used, wherein the 
updating further includes adjusting the selected reference 
signature for nominal wear. 

38. The method of claim 19, further comprising updating, 
with the controller the selected reference signature of the 
flywheel and the damper based on an application in which 
the internal combustion engine is to be used, wherein the 
updating further includes adjusting the selected reference 
signature for nominal wear. 

39. The system of claim 12, wherein the application of the 
engine system is selected from the group consisting of an 
automotive application, an agriculture application, a con 
struction application, an industrial application, an oil and gas 
application, a power unit application, a mining application, 
a marine application, an aviation application, and a power 
generation application. 
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