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(57) ABSTRACT 

A computer implemented process is provided for assessing 
and characterizing the degree of success or failure of an 
operational event of a machine system such as a ?uid 

compressor machine or turbine machine or the like on a 

continuous numerical scale. The computer implemented 
process develops and tracks machine unit signatures, 
machine site signatures and machine ?eet signatures to 
evaluate various operational events and provide fault detec 
tion. At least some sensor data acquired from the machine 
system during an operational event is transformed to correct 
or at least reduce variabilities in the data caused by ambient 
conditions and fuel quality. The transformed data is then 
analyzed using statistical methods to determine hoW closely 
the operational event conforms to an expected normal 
behavior and the information is used to develop a single 
comprehensive quality assessment of the event. By saving, 
tracking and updating operational event assessments over 
time, machine/component degradation may be recognized at 
any early stage and corrective action may be initiated in 
advance of a catastrophic failure. 
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METHOD FOR DEVELOPING A UNIFIED 
QUALITY ASSESSMENT AND PROVIDING AN 
AUTOMATED FAULT DIAGNOSTIC TOOL FOR 
TURBINE MACHINE SYSTEMS AND THE LIKE 

BACKGROUND OF THE INVENTION 

[0001] For turbine electric power generation systems, 
large ?uid compressor/pump systems and the like, a great 
number of sensor signals and operational data often needs to 
be acquired and analyZed to properly evaluate a particular 
signi?cant operational “event” (e.g., operational “events” 
such as start-up operations, mode transfer events, FSNL 
FSFL, etc.). Consequently, it is usually not possible to 
quickly perform and obtain an accurate assessment of such 
events. In addition, variations in ambient operating condi 
tions and/or fuel quality result in inconsistent and inaccurate 
sensor readings. This makes comparisons of operational 
events from one operational “run” of a particular turbine/ 
compressor system to the next (as Well as comparisons 
betWeen operational runs of different turbine/compressor 
systems) impracticable. Moreover, for the same reasons, 
these problems make it impracticable to attempt to compare 
an operational run of a particular turbine machine With any 
sort of standardiZed data indicative of a normal operation for 
that particular system. Consequently, operations personnel 
(e. g., ?eld engineers, technicians, remote tuning and systems 
operations center personnel) often resort to relying solely on 
signals from an individual sensor or an individual system 
parameter to determine Whether a particular turbine or 
compressor machine unit or component is operating beloW 
an appropriate safety limit or Within a proper tolerance 
range—such limit/range often being based generally upon 
some knoWn variability inherent to a particular machine’s 
design ?eet or upon some knoWn consistent variability in the 
particular ambient operating conditions or fuel type/quality. 

[0002] Although fault detection mechanisms and statisti 
cal tests useful for analyZing and evaluating operational 
events of complex machine systems and equipment have 
been developed, the knoWn conventional procedures for 
such have signi?cant ef?ciency limitations and often pro 
duce inaccurate or erratic results. Amuch more accurate and 
ef?cient approach for developing quality assessments and 
providing fault diagnosis of operational events occurring in 
complex compressor/pump and turbine machine systems is 
needed and is highly desirable. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] A neW and improved approach toWard developing 
a quality assessment for complex Wind/steam/gas turbine 
systems, ?uid compressor/pumping systems, generators, and 
the like is described. This approach combines the bene?ts of 
disparate statistical methods (such as, for example, the 
“matched ?lter” and the “multiple model hypothesis test”) to 
result in more accurate analysis and assessment of a par 
ticular machine/system operational event. In addition to 
providing a uni?ed quality assessment, the overall system 
quality as Well as individual component quality is examined 
for deviations, Which may correspond to or at least be 
indicative of speci?c faults. By comparing recent event 
signatures to selected archived signatures, system and com 
ponent faults can be readily detected, identi?ed and diag 
nosed. 

[0004] In one aspect, a computer implemented method is 
described herein for characteriZing the relative degree of 

Dec. 1, 2005 

success or failure (i.e., providing a quality assessment) of a 
particular machine/system operational event by rating it over 
a continuous (contiguous) type assessment scale—as 
opposed to the more conventional “pass/fail” or “trip/no 
trip” binary type assessment. It is contemplated that using a 
continuous type scale for characteriZing a relative degree of 
“success” or “failure” of an operational event Will better 
assist ?eld technicians and operations personnel in assessing 
and communicating the quality of a particular operational 
event. Another aspect of this computer implemented assess 
ment method is that it assesses and characteriZes not only the 
quality of the system response to an operational event, but 
also the quality of individual component response to the 
event—thus enabling ?eld engineers to identify and localiZe 
potential faults or failures Within the machine system. 

[0005] Basically, the exemplary computer implemented 
quality assessment method described herein realiZes the 
above improvements and bene?ts through a process of 
analyZing acquired system sensor and/or operational param 
eters data in conjunction With information concerning the 
existing ambient conditions and the fuel type/quality in a 
manner that eliminates or at least signi?cantly reduces 
variability in the acquired data that is introduced by such 
knoWn factors. Based on the premise that a set of “cor 
rected” parameters may be used to compensate for a knoWn 
variability in operating conditions, one aspect of the dis 
closed assessment method is to use such a set of corrected 
parameters to transform sensor and/or system operational 
parameter data collected during the operation of a particular 
machine/system into a “corrected parameter space” that 
effectively eliminates, or at least reduces, variability in the 
acquired data that is caused by knoWn variations in ambient 
conditions and fuel type/quantity. Such transformed/cor 
rected data corresponding to one or more operational vari 
ables of the system is then statistically analyZed and com 
pared With a set of expected (“normal”) operational values 
and the results are used to diagnose and predict faults. 

[0006] In a further aspect of the exemplary computer 
implemented quality assessment method disclosed herein, 
available non-transformed (e.g., uncorrectable) operational 
event data may also evaluated in a manner Which lessens the 
degree of confounding Which may occur With the trans 
formed/corrected data. In the example implementation, 
separate quality assessments of the turbine operational event 
are developed (i.e., an assessment of the transformed data 
and an assessment of the non-transformed data). These 
assessments are then combined to provide a single overall 
“uni?ed” comprehensive operational event assessment. This 
uni?ed comprehensive operational event assessment is then 
tracked and updated over time and may be used to provide 
an early Warning of machine/component degradation for a 
particular turbine system. In yet a further aspect of the 
disclosed method, event signatures corresponding to differ 
ent anomalies produced by knoWn faults may be saved or 
archived so that subsequent outlier event signatures can be 
diagnosed by being matched to an archived anomaly signa 
ture to identify a particular problem or component failure. In 
still yet a further aspect of the disclosed method, quality 
assessments of operational events and/or particular system 
operational variables may be performed either in real-time 
While the monitored system is operational or implemented 
by recording system sensor data at predetermined times 
folloWed by a post-processing of the acquired data at a 
remote facility. 
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[0007] In at least one non-limiting example implementa 
tion discussed and illustrated herein, a numerical quality 
assessment value for a particular operational event and/or a 
particular operational variable is computed and the event 
may be deemed as a “success” or “failure” based upon the 
degree to Which the acquired transformed/corrected sensor 
data falls Within certain predetermined numerical limits or 
“bounds” de?ning different quality categories. The opera 
tional event is then classi?ed accordingly into one of three 
different categories (e.g., red, yelloW or green) that are 
intended as being generally indicative of its relative opera 
tional “success” or “failure” (e.g., “red”=failure; “green”= 
success). Numerical quality assessment values that are com 
puted for different operational variables and/or events are 
saved and also used in developing an overall quality assess 
ment for a particular gas turbine system. 

[0008] The quality assessment method disclosed and 
described herein may be used to provide a uni?ed quality 
assessment of operational events, as Well as provide com 
ponent fault detection/identi?cation, for a variety of differ 
ent types of complex machine and machine systems such as 
poWer generator systems and turbine systems including 
Wind/steam/gas turbines and/or ?uid compressor/pump sys 
tems such as oil/gas pumping systems. Although a gas 
turbine system is referenced and illustrated throughout the 
discussion of the invention herein, that particular example 
serves solely as one non-limiting example application. The 
computer implemented quality assessment and fault diag 
nostic method disclosed herein is not intended to be limited 
solely for use With gas turbine systems but is also intended 
as applicable for use in assessing and diagnosing most types 
of turbine machines/?eets/systems, compressors, pumps and 
other complex machine systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Other advantages and objects of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings, in Which: 

[0010] FIG. 1 is a procedural diagram providing a basic 
overvieW of the operational event quality assessment/diag 
nostic process; 

[0011] FIG. 2 is a process How diagram illustrating 
example procedural blocks implemented on a computer/ 
controller for developing and updating a turbine unit-spe 
ci?c signature of a turbine operational event; 

[0012] FIG. 3 is a process How diagram illustrating 
example procedural blocks implemented on a computer/ 
controller for developing and updating a turbine site-speci?c 
signature of a turbine operational event; 

[0013] FIG. 4 is a process How diagram illustrating 
example procedural blocks implemented on a computer/ 
controller for developing and updating a turbine machine 
?eet-speci?c signature of a turbine operational event; 

[0014] FIG. 5 is a process How diagram illustrating 
example quality assessment procedural blocks implemented 
on a computer/controller for developing anomaly fault sig 
natures associated With site and/or ?eet-Wide operational 
events; 

[0015] FIG. 6 is a process Overview How diagram illus 
trating example quality assessment procedural blocks imple 
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mented on a computer/controller for the evaluation of uni 
?ed quality assessments of an operational event With respect 
to unit, site and ?eet signatures; 

[0016] FIG. 7 is a How diagram illustrating an example 
computer implemented process for providing automated 
fault detection/identi?cation based on the operational event 
quality assessment process; 

[0017] FIG. 8 is a How diagram illustrating an example 
real-time local computer processing implementation of the 
operational event quality assessment process for a gas 
turbine system; 

[0018] FIG. 9 is a How diagram illustrating an example 
non-real-time computer processing implementation of the 
operational event quality assessment process for a gas 
turbine system that may be performed either locally or 
centrally; 

[0019] FIG. 10 is a pair of graphs illustrating examples of 
sub-signature signal data plots used in forming event sig 
natures for a particular turbine machine; 

[0020] FIG. 11A is diagram illustrating the computer/ 
controller implemented processes of collection, transforma 
tion and fusion of signal data information to provide a single 
uni?ed quality assessment; 

[0021] FIG. 11B is a series of graphs illustrating trans 
formation of an example collected data set via the computer/ 
controller implemented quality assessment processes; and 

[0022] FIG. 12 is an example computer output screen 
display for the computer implemented operational event 
quality assessment/diagnostic process for evaluating a tur 
bine system operational event. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Operational events Which take place in large/com 
plex turbine systems, ?uid compressor/pumping systems 
and the like are often characteriZed by one or more opera 
tional variables that may be in?uenced by uncontrollable 
commonplace variations in ambient conditions and fuel 
type/quality. A computer implemented process is provided 
for developing a uni?ed quality assessment of one or more 
of such turbine operational events despite such uncontrol 
lable variations. As brie?y outlined above, a unique 
approach is described that involves removing, or at least 
reducing, the effects of variations in ambient operating 
conditions and variations in fuel quality by initially per 
forming a mathematical transform upon at least some of the 
acquired system/sensor data to effectively transform the data 
into a “corrected” parameter space, after Which both trans 
formed and non-transformed data corresponding to certain 
predetermined operational variables are statistically ana 
lyZed using, for example, matched ?lter, multiple model 
hypothesis tests, fault detection, etc. From that statistical 
analysis, a numerical quality assessment value for the event 
is developed and then compared With a pre-determined 
“expected” operational value or range. This expected value 
may be initially selected, for example, based on knoWn 
variations particular to a speci?c commercial line, ?eet 
type/model of machine or system (e.g., turbine ?eet). For 
example, in a turbine poWer generating system, as additional 
operational data from a particular turbine site is acquired 
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over time, this expected value is modi?ed and continually 
updated so as to become more characteristic of that particu 
lar turbine system or a speci?c turbine unit at that site or a 
particular component of that turbine machine unit. The 
speci?c parameter corrections applied in any one incidence 
are not necessarily limited to the conventional corrections 
knoWn in the industry, but may also include parameter 
corrections developed speci?cally for particular sensors 
such that the knoWn/observed variation(s) due to ambient 
conditions/fuel quality is reduced in that particular sensor 
reading. Individual assessments of the same operational 
events made at different times and/or from different gas 
turbines of the same mechanical ?eet may also be combined 
to develop a more complete and comprehensive assessment 
that effectively covers the entire duration of a particular 
turbine operational event in a contiguous manner. 

[0024] In one non-limiting eXample implementation of the 
method for developing a uni?ed quality assessment, as 
illustrated herein for a gas turbine system, a computer 
processor or machine controller is programmed to perform 
one or more of the folloWing operations: 

[0025] acquiring and/or recording pertinent sensor 
data Which characteriZes the operation of the turbine 
during occurrence of an operational event, Wherein 
the acquired sensor data includes information con 
cerning the ambient operating conditions of the 
turbine and/or the fuel quality/type; 

[0026] using a predetermined mathematical trans 
form or a set of correction parameters to transform/ 
correct acquired sensor data (e.g., by transforming or 
converting the data into a corrected parameter space) 
to effectively remove or correct for variability in the 
data that results from variations in ambient operating 
conditions at the turbine and/or fuel type/quality; 

[0027] comparing both the transformed data and 
other non-transformed sensor data (e.g., unaffected 
acquired sensor data) relevant to the operational 
event With a predetermined eXpected or “normal” 
data value or range and determining a statistical 
degree to Which that data matches the eXpected 
value/range—i.e., comparisons are made against an 
eXpected “normal” value using both the non-trans 
formed data and the transformed data as acquired 
from operational events occurring on the same tur 
bine machine and/or from operational events occur 
ring across different turbine machines to determine 
the degree to Which the data falls Within or outside of 
certain predetermined bounds—the comparing pro 
cess being basically statistical in nature in that it 
utiliZes variability information in the transformed or 
non-transformed parameter space (depending on the 
operational variable(s) being considered); in this 
eXample, the eXpected “normal” value/range may be 
initially based upon historical (e.g., archived infor 
mation for a particular turbine ?eet (a “?eet” being 
a group of turbine machine production models hav 
ing the same or similar con?guration, siZe, etc.) and 
as additional data is subsequently collected for a 
particular operational event occurring on a particular 
turbine machine or component, the corresponding 
eXpected “normal” value is updated/ adjusted to more 
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accurately re?ect the turbine’s actual “normal” 
operation during that particular type of operational 
event; 

[0028] classifying the data into a plurality of quality 
categories (e.g., “red”, “yelloW” and “green”) 
according to the statistical degree to Which the data 
matches the eXpected value/range; 

[0029] combining the statistical evaluations of both 
transformed data and non-transformed data into a 
single comprehensive quality assessment value that 
is indicative of the quality of a particular turbine 
operational event—i.e., an information “fusion” pro 
cess is implemented Which combines all individual 
comparison statistics to produce an overall compre 
hensive quality metric of the operational event (e.g., 
a comprehensive numeric quality assessment value) 
that is contiguous and continuously evolving (as 
opposed to being a static, non-evolving, binary-type 
indication of event quality, e.g., “good/no-good” or 
“pass/fail”); and 

[0030] continuously tracking and updating the devel 
oped comprehensive event assessment value over 
time and identifying When a deviation in the assess 
ment value violates a pre-determined threshold/ 
range so that the cause of the deviation may be 
identi?ed and appropriate corrective action initiated 
before a severe problem develops; in this regard, the 
assessment tracking procedure is preferably made 
someWhat tolerant of noise present in the event 
assessment data so as to reduce the occurrence of 

false positives. 

[0031] As Will become evident from the non-limiting 
eXemplary application discussed beloW, the method for 
developing a uni?ed quality assessment described herein 
may be implemented via computer either at the turbine 
system site in real-time during the occurrence of a particular 
operational event or as part of a subsequent diagnostic 
process conducted remotely after storing and forWarding the 
acquired event data over a digital communications netWork 
to a central diagnostic site. 

[0032] Referring ?rst to FIG. 1, a procedural diagram is 
illustrated Which provides an overvieW of the operational 
event quality assessment process. As indicated at procedural 
block 100, the process begins With the selection of a 
particular operational event of interest. Ideally, a technical 
systems expert/analyst familiar With the particular system 
being evaluated, e.g., one Who has an through understanding 
of the physics of the system and its various processes, Will 
be instrumental in selecting or prede?ning at least the 
folloWing initial parameters: 

[0033] a “trigger” to start data acquisition 

[0034] a list of signals/sensors to be sampled 

[0035] a rate at Which to sample the signals/sensors 

[0036] Data acquisition may be performed manually, at 
least initially, but preferably Would be automated through 
the implementation of an appropriate automatic data cap 
turing process. Data acquisition is initiated and a data ?le 
created Whenever a predetermined “trigger” condition is 
met. The “trigger” is used as an alignment point for analysis 
of the acquired signal/sensor data. There may be multiple 
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points or signals in the data that may be used as a trigger 
from Which re-alignment of the acquired data may also be 
bene?cial. This approach to data acquisition ensures that any 
signature creation has a consistent beginning point from 
Which all subsequent data can be analyZed. An exemplary 
data acquisition process may also include: 

[0037] Normalizing any sensor or signal as separate 
value While retaining the original information; 

[0038] Filtering any signal or signals as needed; and 

[0039] Zero shifting any sensor drift if possible. 

[0040] The described procedures for data acquisition cor 
respond to a single operational event “run” Which may be 
iteratively performed for collecting data for a plurality of 
data runs from multiple sites as indicated in procedural 
block 110. 

[0041] As indicated at procedural block 120 and 130, prior 
to doing a quality assessment ?eet, site and unit-speci?c 
signatures and corresponding thresholds are created for a 
given event of a particular con?guration type. 

[0042] Many signals from the system sensors Will be 
appropriate candidates for transformation to a corrected 
parameter space to reduce/remove the effects of ambient, 
fuel and machine state variability. HoWever, for certain 
signals, a correction/transformation to remedy such effects 
Will not be available or appropriate. For the signal types 
Which can be corrected, the corresponding corrected param 
eters are computed (e.g., the data is transformed to a 
corrected parameter space), as indicated in block 120. For 
those signals that do not have appropriate correction param 
eters but Which may be critical for event assessment, the 
corresponding signal signatures may at least be checked to 
insure that the acquired data falls Within pre-speci?ed range 
or bounds (block 120). 

[0043] Developing corrections is done by using domain 
knoWledge of the process, identifying the variables or sig 
nals that characteriZe the process, using the physics of the 
process to determine either dimensionless quantities that 
characteriZe the process or those that have minimal effect of 
the ambient conditions like temperature, pressure, humidity 
etc. When plotted against another virtual variable. 

[0044] A signature associated With an operational event 
for a particular equipment type/con?guration is formed from 
a set of sub-signature plots of predetermined sensor signals 
or parameters (e.g., Fuel or turbine acceleration), plotted in 
an appropriately corrected domain for that signal. Each 
sub-signature plot is characteriZed by a nominal value 
having associated quality thresholds boundaries/ranges 
(e.g., red, yelloW and green) de?ned about the nominal 
value. The event signature is initially created by overlaying 
the sub-signature plots created from multiple data sets of 
acquired sensor or monitored parameter data and determin 
ing the nominal or representative plot for each sub-signa 
ture. (See examples shoWn in FIG. 10.) The validity of the 
corrections and corrected space applied to data for a given 
event is determined by utiliZing data acquired from several 
machine units and developing probability distributions 
indicative of the corresponding range of variations across 
the ?eet. 

[0045] Every time, a neW event data set is obtained, it is 
transformed into the corrected space and then matched 
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versus each of the sub-signature plots. A quantitative mea 
sure of the ?t versus each of the sub-signature plots is 
obtained, and a single assessment of ?t versus the signature 
is computed as a probabilistically Weighted average. 
Accordingly, event signatures are developed from parameter 
plots that correspond to the acquired sensor data, at least 
some of Which is corrected by utiliZing one or more cor 
rected parameter coef?cients Which reduces or eliminates 
variabilities in the sensor data caused by ambient conditions 
and/or fuel type/quality. 

[0046] As indicated in block 150, a numerical quality 
assessment value is then determined for the event based 
upon comparison With a pre-determined expected value/ 
range and the event is then accordingly classi?ed into an 
appropriate quality assessment category. All corrected 
(transformed) parameter data and non-corrected (non-trans 
formed) data are combined using, for example, a Weighted 
average or rule-based averaging. This combined overall 
assessment is then classi?ed into a “red,”“yelloW” or 
“green” quality category. As indicated at block 160, signals 
that fall into “suspect” categories (e.g., “red” or “yelloW”) 
are tagged for further analysis to identify potential opera 
tional problems. Ultimately, the combined overall numerical 
quality assessment, as Well as the quality assessment of 
signals/parameters that fall into suspect categories, are 
tracked over time to provide an early Warning and identi? 
cation of component or system degradation, component and 
system modi?cations and potential failures, as indicated in 
block 160. 

[0047] In FIG. 2, a process How diagram illustrates 
example procedural blocks implemented by a computer or 
system controller for developing a “unit-speci?c” signature 
for an operational event occurring on a single turbine 
machine at a turbine system site (at any one particular 
turbine system site the turbine system may include more 
than one turbine machine unit). This process may be imple 
mented by a computer located at the turbine system site, 
such as the local turbine controller, or it may be imple 
mented by a remotely located processing system Which 
receives data from the turbine controller. Initially, as indi 
cated at procedural block 200, it is determined Whether any 
particular quality category range or “boundary” information 
exists for sensor data originating from the speci?c turbine 
system site being assessed. As indicated at block 201, if no 
site-speci?c quality category ranges or boundary informa 
tion exists, a ?eet signature or other generic signature may 
initially be used for performing the quality assessment 
analysis until suf?cient data is collected over time to develop 
an adequate site-speci?c event signature. 

[0048] Preferably, a database containing historical opera 
tional event data for one or more turbine systems (or other 
?uid compressor systems or the like) is maintained and 
updated With neW data at regular intervals (e.g., block 221). 
Such a database may also contain corrected parameters that 
are prede?ned for various operational events corresponding 
to speci?c turbine units located at different sites. Assuming 
that suf?cient previously recorded historical event data 
exists for a particular turbine unit of interest (block 210), 
database ?les containing historical operational event data for 
the unit and/or for the particular site Where the unit is 
situated are accessed (block 220) to identify corrected 
parameters that are prede?ned for the particular operational 
event (block 230). A conventional data set optimiZation is 
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then performed to determine corrected parameter coeffi 
cients that Will minimize the variance in the observed data 
set (block 240). Next, as indicated at block 250, corrected 
parameter plots are developed and the mean signature and 
variation are determined using, one or more conventional 

statistical methods (e.g., matched ?lter and multiple model 
hypothesis test). Using this information, quality assessment 
category “thresholds” or “boundaries” are computed for use 
in classifying signal data into one of a plurality of quality 
categories (e.g., red, yelloW and green). Before being 
applied, these quality range boundaries/thresholds may be 
initially set or veri?ed by a system operator or user, as 
indicated at block 260. Next, the signature and the threshold 
may be validated by comparison With archived data stored in 
a validation database (block 270). If a valid signature or the 
desired performance has been achieved, the resulting signa 
ture associated With that turbine unit and saved (presumably 
in a historical operational event database) so that it may also 
be accessed and used by ?eld personnel (block 290). Oth 
erWise, as indicated at block 281, the thresholds and/or 
corrected parameter coef?cients (and/or the detection algo 
rithm) is adjusted and blocks 250 through 280 are repeated 
until the desired performance is obtained. This entire process 
may be repeated as additional or neW data from the turbine 
unit is collected, as indicated in block 291. 

[0049] FIG. 3 shoWs a process How diagram illustrating 
example quality assessment procedural blocks implemented 
on a computer/controller for developing a turbine system 
site-speci?c signature of a turbine operational event. Pref 
erably, a historical database consisting of operational event 
?les corresponding to turbine systems located at one or more 
sites exists and is maintained to serve as a source of 

information concerning the turbine units at a particular site. 
Initially, as indicated in block 300, this database is accessed 
to obtain generaliZed operationally corrected parameters and 
information corresponding to the turbine units being ana 
lyZed at a particular site. Corrected parameters that are 
prede?ned for the particular operational event at that site 
being assessed are identi?ed, as indicated in block 310, and 
corrected parameter coef?cients are computed based on this 
information, as indicated in block 320. Next, as indicated in 
block 330, a mean signature and variation is determined 
from the corrected parameter plots and used to compute the 
three red, yelloW and green category quality thresholds 
(bounds) for de?ning a quality assessment. Next, the com 
puted thresholds are veri?ed With a system operator/user, as 
indicated at block 340. The signatures and the thresholds are 
then validated using a validation database that contains a 
record of successful and unsuccessful operational events, as 
indicated in block 350. 

[0050] As indicated in block 360, if a valid signature or 
desired performance Was achieved, then the results are saved 
as an updated site-speci?c operational event signature (pref 
erably in a historical operational event database) and made 
available for future use and/or access by ?eld personnel, as 
indicated in block 370. If a valid signature is not obtained, 
the monitored events may be partitioned into different sets, 
and a signature and the corresponding thresholds and bound 
aries may be determined individually for each set. In prac 
tice, this may correspond to a change over time in the 
signature for a speci?c unit or of different con?gurations 
across multiple units. Accordingly, the thresholds and/or the 
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corrected parameter coef?cients (and/or the particular detec 
tion process used) are adjusted and recomputed as indicated 
at blocks 361 and 330. 

[0051] FIG. 4 shoWs a process How diagram illustrating 
example procedural blocks implemented on a computer/ 
controller to develop a turbine ?eet-speci?c signature of a 
turbine operational event. In practice, creation of a ?eet 
speci?c signature may be performed before the creation of 
a unit-speci?c signature after collecting ?eet-Wide data sets. 

[0052] Preferably, a historical database of operational 
event ?les associated With turbine systems and various sites 
exists and is maintained to provide turbine ?eet information. 
Initially, as indicated in block 400, this database is accessed 
to obtain generaliZed operationally corrected parameters and 
information corresponding to the particular type of gas 
turbine machine being analyZed. Corrected parameters that 
are prede?ned for the particular operational event being 
assessed are identi?ed, as indicated in block 410, and 
corrected parameter coef?cients are computed based on this 
information, as indicated in block 420. Next, as indicated in 
block 430, a mean signature and variation is determined 
from the corrected parameter plots and used to compute the 
three red, yelloW and green category quality thresholds 
(bounds) for de?ning a quality assessment. Next, the com 
puted thresholds are veri?ed With the user, as indicated at 
block 440. The signatures in the thresholds are then vali 
dated using a validation database that contains a record of 
successful and unsuccessful operational events, as indicated 
in block 450. 

[0053] As indicated in block 460, if a valid signature or 
desired performance Was achieved, then the results are saved 
as an updated ?eet operational event signature (preferably in 
a historical operational event database and made available 
for future use and/or access by ?eld personnel, as indicated 
in block 470. If a valid signature is not obtained, the 
monitored events may be partitioned into different sets, and 
a signature and the corresponding ?eet thresholds and 
boundaries may be determined individually for each set. In 
practice, this may correspond to a change over time in the 
signature for a speci?c unit or of different con?gurations 
across multiple units. Accordingly, the thresholds and/or 
parameter coefficients are adjusted and recomputed as indi 
cated at blocks 461 and 430. 

[0054] Although not mentioned above in the detailed 
discussion of FIG. 2, 3 or 4, the sensor data and/or param 
eter data corresponding to various “anomalous” or outlier 
operational events is also saved in the historical database 
(e.g., at procedural blocks 290, 370, 70) and ?agged as data 
Which comprise an anomaly event database. This anomaly 
event database may then be used for troubleshooting pur 
poses by providing a means for identifying those operational 
events that evidence a “best ?t” relationship With an anoma 
lous event signature/data previously saved in the anomaly 
event database. An example process for creating an anomaly 
signature and/or an individual component fault signature is 
illustrated by the procedural ?oW diagram of FIG. 5. The 
diagram shoWs example procedural blocks Which may be 
implemented on a computer processor/controller as part of 
the operational event quality assessment process to develop 
both system and individual component anomaly fault sig 
natures associated With a particular unit, site or ?eet-Wide 
operational events. 
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[0055] As indicated at block 500, speci?c storage space or 
?les in a historical database in a computer memory are set 
up or allocated for use as an anomaly event database. The 
corrected parameter speci?c to the event and anomaly is 
identi?ed and CPC corrections to variations associated With 
ambient conditions are applied, as indicated in procedural 
blocks 510 and 520. The mean signature and the anomaly 
threshold/boundaries are determined, as indicated in block 
530, and the signature is validated then compared against 
existing anomaly signatures stored in the anomaly database, 
as indicated in block 540. Next, assuming the validated 
anomaly signature is not currently in the anomaly database, 
it is saved along With appropriate identifying information or 
comments, as indicated in block 550. 

[0056] Referring to FIG. 6, a procedural ?oW diagram is 
shoWn Which may serve as a general overvieW of an exem 

plary computer/controller implementation of the operational 
event quality assessment process. As indicated in procedural 
block 600, a particular operational event is initiated on the 
turbine and operational parameter data from various sensors 
is monitored during and throughout the operational event. If 
real-time processing is employed (block 610), an on-site 
real-time turbine unit controller (or a comparable remote 
monitoring system) is con?gured to recogniZe the particular 
type of operational event taking place (e.g., start-up, mode 
transfer, etc.) and verify that valid signals are being acquired 
from the various turbine sensors (block 611). Sets of appro 
priately veri?ed sensor signals (i.e., veri?ed as appropriate 
for the particular operational event) are immediately pro 
cessed to provide real-time analysis of the event. This 
real-time quality assessment analysis may either be imple 
mented locally by the turbine system site controller itself or 
the acquired sensor data may be transmitted via an appro 
priate digital communications netWork to a remote real-time 
processing facility. 

[0057] As indicated at procedural block 610, a “post 
processing” arrangement may also be implemented Wherein 
one or more system events are monitored and all of the 
appropriate sensor data during each event is collected and 
saved in a historical event/trend ?le Which may be stored on 
site or at a remote facility. Subsequently, as indicated at 
block 612, a particular operational event may be selected for 
analysis. If it exists, all prerecorded pertinent data corre 
sponding to that particular event is retrieved from a histori 
cal event/trend ?le (block 614) and the sensor signal data 
may then be examined and veri?ed as valid (block 616) 
before being passed on for further processing. 

[0058] Many signals from the system sensors Will be 
appropriate candidates for transformation to a corrected 
parameter space to reduce/remove the effects of ambient, 
fuel and machine state variability. HoWever, for certain 
signals, a correction/transformation to remedy such effects 
Will not be available or appropriate. For the signal types 
Which can be corrected, the corresponding corrected param 
eters are computed (e.g., the data is transformed to a 
corrected parameter space), as indicated in block 620. For 
those signals that do not have appropriate correction param 
eters but Which may be critical for event assessment, the 
corresponding signal signatures may at least be checked to 
insure that the acquired data falls Within pre-speci?ed range 
or bounds (block 620). Accordingly, event signatures are 
developed from parameter plots that correspond to the 
acquired sensor data, at least some of Which is corrected by 

Dec. 1, 2005 

utiliZing one or more corrected parameter coef?cients Which 
reduces or eliminates variabilities in the sensor data caused 
by ambient conditions and/or fuel type/quality. 

[0059] As indicated in block 630, a numerical quality 
assessment value is then determined for the event based 
upon comparison With a pre-determined expected value/ 
range and the event is then accordingly classi?ed into an 
appropriate quality assessment category. Next, as indicated 
at block 640, all corrected (transformed) parameter data and 
non-corrected (non-transformed) data are combined using, 
for example, a Weighted average or rule-based averaging. 
This combined overall assessment is then classi?ed into a 
“red,”“yelloW” or “green” quality category according to. As 
indicated at block 650, signals that fall into “suspect” 
categories (e.g., “red” or “yelloW”) are tagged for further 
analysis to identify potential operational problems. Ulti 
mately, the combined overall numerical quality assessment, 
as Well as the quality assessment of signals/parameters that 
fall into suspect categories, are tracked over time to provide 
an early Warning and identi?cation of component or system 
degradation, component and system modi?cations and 
potential failures, as indicated in block 660. 

[0060] FIG. 7 illustrates an example computer imple 
mented process blocks for providing automated fault detec 
tion and diagnosis/identi?cation that operates as part of the 
basic quality assessment processing described above. As 
previously discussed With respect to FIGS. 2 through 6, a 
database of outlier anomaly event signatures is developed 
during the quality assessment processing. This database may 
also include historical/archival operational event data 
indicative of component degradation and fault signatures 
corresponding to both individual machine units and/or spe 
ci?c machine ?eets. For this aspect of the invention, opera 
tional events that fall into categories indicative of poor or 
bad quality, such as the “red” and “yelloW” quality classi 
?cations, are treated as suspect events and are used as 
candidates for detecting and identifying system and com 
ponent faults. 

[0061] As indicated at blocks 700 through 720, a ?rst 
candidate operational event is selected for examination and, 
if not already done, corrections for ambient conditions are 
applied to the event signals and a corrected parameter 
speci?c to that operational event is identi?ed. A list of 
anomaly signatures associated With the selected event is 
formed (block 730) and then the identi?ed event parameter 
is compared With each of the anomaly signatures in the list 
to determine if a close match exists (blocks 740 and 750). 
Event parameters and anomaly signatures exhibiting a high 
degree to matching are then used to identify the particular 
fault type and component or system malfunction. 

[0062] Referring noW to FIG. 8, a How diagram is shoWn 
Which illustrates an example real-time implementation of an 
operational event quality assessment process for a gas 
turbine. In this example, turbine sensor data from an opera 
tional event is provided to the local or a remote computer 
processor/turbine-controller 801. Using site and ?eet signal 
threshold information obtained from a historical event data 
base, processor/controller 801 computes a combined overall 
numerical assessment quality value in real-time and deter 
mines Which quality category (red, yelloW, green) the opera 
tional event is classi?ed (block 810). This information is 
then saved in a historical tracking database as indicated at 
block 820. 








