;e3ei Zi <:vZ6TZ9 DI AGNOSTI C METHOD AND SYSTEM FOR TURBI NE ENG NES
BACKGROUND OF THE | NVENTI ON The present invention relat eselmmnmmmmmm a
met hod andl33M13F0f or di agnosing faults in a gas turbine t
having to rely on subjective, experience-based judgnents. The 4{pgsent
invention particularly relates to a diagnostic nethod and system for
reliably determ ning whether the identified faults are related to .
perf or mance pr obl ORGSTIEIMEIADE HND SFSFRS] FORCTURBINLERIGANS' abnormal ity
unrel ated to engine performance such as faulty test equipnent, incorrect
cal cul ati on net hods or adjustnment factors, or environnmental factors.

Hi storically, the detection of test cell related faults in gas turbine

engi nes has been based on a conparison to sets of limts (m ninmm or

maxi mum) f.or | i ce paraneters. These paraneters can

i ncl ude eH@ﬁﬁgiﬁﬁ3ﬂ§¥f839ﬁ§%§§§E§§ nperature and fuel consunption or
flow, as well as conpressor rotor speeds, air flow through the engine, etc.
Gas tur bi NEheeprgédne snvhGo 1418 pohetAIS1E G hbthad bRS kyst&h Ifort Magssitizefatifat t he
particular engine neets a defined set of limts for each specified

par anet er .inSeegasf wrbiak gnpine, with®it Imyinsto Felyogn 7sphjectiyar expeticndeybas¢d sued
March 15, .1994, Ch es in. these sensed rapeters are identif.i b

conpar i sor PEHE piiamerdy %ol TRESHPRG A lha Wilie S eyhan
relative tgsiehe fyal Mﬁﬁbl?eaétéfrﬂiﬂirfgmw&%ﬁwr tHer HntiGiedi RR%s Ohret REagamey OF
simlar type. If multiple engine perfornmance paraneters are trended, a

pat t ern i rperfosmenccharopésnsc am the gasf turbine engipe dorsta rsomet othat [abpormality
classificatian (i.e.,.diagnhosis) of a cific fault. .Unforfunat.el one of
Che pr obl ciASREfp EkinE aBOGRREE bl Ao SEFE s onbhent BFRAreet FARGELST n 't ne
sensed par@asmbéyd & adfRANER Fadtbrs! ieniRSAmEALI théthy, changes in the engine gas
path quality and the like can all inpact on this capability to accurately

determ ne whether the fault is related to the performance of the engine, or
to sone otHistorightortheldetegtiometiest edl radatedh&avdtsghsas tabine anginesmss bagmct i ng

on the ability to separ.ate. enginge.related faults. fro aul t.s unrelated to
the. engt nevsrd e daSTRRESYS SR B ity Rt Bt b Bstrn ) b Vb ignd
testing eqpirfi@BhceUpRiinetehte TH&R!P¥AnQGY RAEAEILAOnfiAe thiest, ekBist Ghs €.,
equi pment used in place of other equipnment normally present when the engine
i s instal | teperaguge \aadl [fuelscompumptinmentlaw, psotelras ¢ampressoniretor epasds.aaitir e,
baronetricipressure . and rel ati humdity). A further bl e At

eng ne-  o- MNGTRRNE R Eneise 801 Lag WHing st Seinsghafiy (REFR AT curve
can be detggiren@sk Wet pirficfihabhgihd Gets b Miekindd sOabf GiafitsbRr Qach _fs?f_ecﬁﬂéaa or der
of magnitude as the possible eﬁglne fault effects to be identified.

Exi sti ng tkasgmeter.| Se, fohesmple.deShBdaentp.293.9p9 (alark ehalydasusa Marehd Sshi f t

et octi on 5 o CephES R My pRARRRS P BN o RaBPAR B G ¢ e

trend |i nep@amerd¥ valu@smeshRdfoned dyrehthenghicatdlaiveaalthdeaidt medsutdifoer i a
used). Wiile this nmethod can be effective in identifying specific faults
rel ated t ootbergirins epginesopiihnsame onsimdatyPhst ances, small changes in a single
paranmeter can be missed or can take several sequential occurrences of such
events befgor I fi [ 1L fil [ [ engi ne
per f or man c@ .n%flﬁplg% ggftn:; 8 %rfgﬁégél tgﬁ g’%go {eerrréu%t(8 iq%héé(? %tpgﬁglglﬁ |h gﬁesse %lé%{v% g ﬁllrf he

par amet er sbd bafficRhfly Sisthrt teralloRasldssficatibhi ($.e prdisgnosief 6O seciflet fault.
sufficiently effective in identifying whether the potential causes of the
fault are Enfpriyaately) smepiothei probleins BopEohtask celhr dngnosiici methedseis tht t he

: G . : Phetihe - : ‘.
cal cur at i o BT HAEE sHE PP SpafRk i U leif oo B AR LT REREN T &
can | ead tgasqladogiatigy hfbtherlikegan falliimpactrancthisscababiligng)act uratebndgdyrmiihe

supposed cause of the fault. One reason analysis of these faults has not
previ ous| ywhether theqlauht isatelated e dhau perforsrangg f ghe rangingy &1 1tapioans ASF nat i on

or data is i eda | . .VSi va I

Corrocti ondorSmfRD ufiad MERPAAARE (Sl ctdiCiBARNSLE il G abare |
subst ant i véngitdd Rlatdd@uRadvorh Flllfs VRO theamdine OincRIAE ithNd e aeESitién

subj ective judgnent requiring a significant anount of experience to choose

bet ween possi bl e causes of the detected fault, i.e., is it engine or

nonengi ne rel ated? This nakes di agnosid-of test cell faul re
hit-and-mss, but also unusable, or at |east not easily uymmmmmmmm"wmgge
wi t hout the experience with engine perfornmance problems or tegt ce aul t
anal ysis. -2 13DVv13450 Accordingly, it would be desirable, th®%fore, to
have a test cell diagnostic nmethod that provides sequential statistical
anal ysis of nultiple gas turbine engine performance paraneters and
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The present invention relates to a nethod and systemfor reliably

di agnosi ng or eval uating whether faults detected during the testing of a
gas turbi n8DANgG46@, particularly in a test facility such as a test cell or
stand, are related to the performance problens of the engine or to sone

ot her abnormality unrelated to engi ne performance. The nethod of the
present invention conprises the steps of and the system of the present

I nventi on SRRt YA HELIRIV P FHRIME GeRACATRE Sleqibniche €Ngi ne
under one 6erefogarf§1n§)e élor?gc}lt’i on t%ﬁlge@}lg’t%e a first set ori? (’:Sﬂrént engi ne
dat a; conpaed g plake of iotlet eqepmeht senmmadlytpresegi when dicaergineisf instaledyeds of

prior engine data.for the _one performance condition of the ong per.f or mance
par anet er W& aeeionmental fackRrs &e-g. alf epeiaRRINRfametiic PEGISWBABE FelriiYs) i s
detect ed 60 j [ _Qf r i t e first
set of pr?%u?rﬁglr%)éi g%at aP}éﬁ%’fltﬂﬁ%ﬁ%{é e&%g{epeﬁpgﬁgr(g{ﬁggdg%rsg%{ee?éff&mder at
| east two i frérel e op@ir{® cambe detemnmigled imdthsn statigRakliailite) thas efiobelos glie of
current engi ne data; conparing the_second set of current engine data to a
second setsaBe oxdar of magaityde agaheapgssible gngingtfaplg alfects apeddentdicdnt per f or mance
conditions of the one performance paraneter to determne if there is an
abnor mal i tpy:i PYiabré i . 4 nt

engi ne dat am%tg%ttﬁsetJC?e??%?%@ﬁ%%%ra?%%gﬁg?gg Eg)tn zﬁg‘gg gf%[r;o Ellté&llu ijraftahere is
an abnor nulingly engihe parfadnramcerphiainetdr susthet @cowtier detedtiomt lopy (g tcherkiige
abnormality is a fault_ unrelated to the performance of the engjpe; if an
abnor mal | tipr iagnw?wlééﬂ@a,fgli@aﬁl& g gt gt ﬁé&vﬁ&sn%ﬁmn@fgfr B heer
relative fflioh Ro%ui6REHRHAkeAN Ml RES LAUERNCH RARIRICIn WlMlERR | cast
one performance condition to generate a third set of current engi'ne dat a;
conpar i ng dpbeifit faulth eRitedofo angineepdriotmghdee imladme timstanctd)ishhliseangds iprd or

engi ne data for the at | east one other engine perfornance paraneter under
at | east oWeglporBItRfeR ReomiRsed oh cpmb takét SV RiRh BeqUENtial acsurenca OaISHEY mal i ty;
af t er Conpe%rehtg%efbl?_ a%@écgﬁic ﬁﬁft 09{1 Pg Hﬁiﬁﬁﬂéd SI6Y; egﬁ&fltot& E&%e}ﬁ%&hcﬁet of
prior engine data to determ ne | ere 1s an f)normalllgy. I'T an

abnor mal i tiy additide} schesd of evdliplaintagctdistiesrechhke pirameted thatyare serded atil t

unrel ated to the rfaormance of the i ne; e e
measured, Phei‘s prior method is not su?fll.lc?ently effective in identifying whether the

potential causes of the fault are engine related or involve some other problem
unrelated to the engine such as those involving the test facility and associated
equipment, calculation methods or adjustment factors, and environmental factors.
This can lead to choosing the wrong or incorrect solution(s) to remedy the supposed

cause of the fault,

One reason analysis of these faults has not previously been sequential is because not
all of the available information or data is, or can be, incorporated into the analysis. As
a result, corrections of the fault are not based on an objective evaluation of the
substantive data. Instead, fault diagnosis and correction becomes a subjective
judgment requiring a significant amount of experience to choose between possible
causes of the detected fault, i.e., is it engine or nonengine related? This makes
diagnosis of test cell faults not only more hit-and-miss, but also unusable, or at least
not easily usable, by those without the experience with engine performance problems

or test cell fault analysis.



if an abnormality is not detected, evaluating whether the abnormality
detected in step (C) is a fault related to perfornmance of the engine. The
met hod and3®Mlt3d60t he present invention provides a nunber of benefits and
advant ages, especially with regard to prior test cell diagnostic nethods
that rely on analysis of a single engine performance paraneter. The nethod
and system of the present invention permts the sequential statistical

anal ysi s QiccH}Hi%glf,! £ veARd ‘bb‘r&ébi%l@,ﬂﬁér%r&%[ﬁlﬁ”v@%%ft aar ﬁﬁﬂg‘ﬁo%fié d
performance conditions for greater accuracy and reliabilitTy 1 n diagnhosing
what the fthatiprovidesrsefiaingidl statistical analysis ofihanltiple lges tehiho engindpafistmanccof t he

present invention rmfs reliable identifjcati 0 ether th aults
et et ed APETILTAFEY 1° ORI FARAE O B9V rFlﬂ?%ﬁ]%Jegﬁgc twpb?%@ﬁetﬁeﬁ ne, or
to some otfelceRrighte %la?c%nl?raﬁcéﬁohhi{ndégﬁcfﬁbl%hﬁHnttﬁe gﬂ&hﬂﬁm@% ﬁ’i’é,’ggﬁ‘%e such

as those involving the test Ity and assocl ated equil pnent, cul ation
net hods  orsomd]j ethemmebrormalityonstelatoad tee rugine rpeeformbndea ptavides fHeeabibtyhd and

system of the present |nventiop also -4 13DV, 13450 provides the ability
to incor pdReROTAE ilaele prioppdarmtion o dgtadato wakest cal tafeanalbisis) a o prior

informati : t I I Af LAl her the
faute) darse et el PARENE IR oP S, Shniklln SR ELILI LhtREL 2
met hod of witteenpiesgeformaneiroiamalbs esteiinfhils addysict | ve j udgnents of what

the detected fault is related to without the need for significant amounts
of experi | ' f nce problens or fault analysis. BRIEF
DESCRI PTI W&@%M@ﬂﬂdﬁ is a flowhart show ng the basic steps
conprising the diagnostic nmethod of the present invention. FIG 2 is a

repr esent atyeVgrebdnt liffentioRSreRk@ t00h dréthod AhHES QRN FSrafefigdbi9! didgrdilg &f f powver
| evel (TKOF) versus EGT val ues generated at & maxi num cohti nuous power

| evel (MCEyaluptiy véheitler afanbiprdeseetadatliming Hbe i testintgalof |4 gas pudtino fengine,
differences (resjduals) in . EGI values fromthe fitted lin | ot of FIG 2.
o sl B dar BEHDGHENET T 1 PG S e A AB AR BHEOBR e

met od of JrfifeRs 87 ERlenbALBRII Bind KA AnBEmdife umtyéfosengfneape%ﬁnweb' ne
engi ne where the fault detected 1s unrelated” to engi ne perfornance. FIG 6
i s a reprédenmmethod effth¢ pextenti ingerglont confprSECtheattes ofy emb thet sdteat ofi theake of f

power |evel (TKOF) ver.sus C.val ues generated at a maxi mum conti nuous
pover | ey dyresent invention 1s capable of:

evaluating one performance parameter of the engine under one performance condition

to generate a first set of current engine data;

comparing the first set of current engine data to a first set of prior engine data for the
one performance condition of the one performance parameter to determine if there is

an abnormality;

if an abnormality is detected after comparing the first set of current engine data to the
first set of prior engine data, evaluating the one performance parameter under at least

two different performance conditions to generate a second set of current engine data;

comparing the second set of current engine data to a second set of prior engine data
for the at least two different performance conditions of the one performance parameter

to determine if there is an abnormality;



. (MCT). FIG 7 is a representative horizontal line plot of the differences
(residuals) in SFC TKOF val ues at SFC MCT obtained fromthe fitted |ine
pl ot of FIIGDWI34F0G 8 is a representative fitted line plot of SFC val ues
generated at a take off power |evel (TKOF) versus EGI margin (MAR) val ues.
FIG 9 is a representative fitted line plot of SFC val ues generated at a
maxi mum conti nuous power |evel (MCT) versus EGI margin (MAR) val ues. -5

di 1 or oncedet funpifannd'stoERESRT Aol ARbBhe el Buslr ol bk ¢ e
fitted |i rfatddo@etedhinkliftheft is bh @nokhalif: a representative hor| zontal Iine

pl ot of the differences (residual s) In SFC MCT val ues at EGT MAR obt ai ned
fromthe fitted line plot of FIG 9. FIG 12 is a representative horizontal

line plot ibpn SW@W@‘J wet?@@dv@faéwnsw@ewréhe pyorgalityds adaplf ungejaggd 13 s a
repr esent at | ot of SFC MCT val ues versus SFC Calc. for
t he sane tqzégﬁt(ee%é?ﬁ)%h Iﬂq&lééf%%egl G 14 is a block diagram of a conputerized
system for carrying out the nethod of the present invention.

if an abnormality is not detected, evaluating the one performance parameter relative to

at least one other engine performance parameter under at least one performance

condition to generate a third set of current engine data;

comparing the third set of current engine data to a third set of prior engine data for the
at least one other engine performance parameter under at least one performance

condition to determine if there is an abnormality;

after comparing the third set of current engine data to the third set of prior engine data

to determine if there is an abnormality:

if an abnormality is detected, evaluating whether the abnormality is a fault unrelated

to the performance of the engine;

if an abnormality is not detected, evaluating whether the abnormality detected in step

(C) is a fault related to performance of the engine.

The method and system the present invention provides a number of benefits and
advantages, especially with regard to prior test cell diagnostic methods that rely on
analysis of a single engine performance parameter. The method and system of the
present invention permits the sequential statistical analysis of multiple gas turbine
engine performance parameters and performance conditions for greater accuracy and
reliability in diagnosing what the fault is related to. In particular, the method and
system of the present invention permits reliable identification of whether the fauits
detected are related to performance problems in the gas turbine engine, or to some
other problem or abnormality unrelated to engine performance such as those involving
the test facility and associated equipment, calculation methods or adjustment factors,

and environmental factors. The method and system of the present invention also
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term "engine
performance paraneter” refers to those paraneters that are used to neasure
t he perfori3®@¥iB4660 a gas turbine engine. Gas turbine engine performnce
paranmeters that can be evaluated by the nethod of the present invention

i nclude, but are not limted to, exhaust gas tenperature (EGT), engine
thrust (FN), specific fuel flow or consunption (SFC), conpressor or fan
rotor spe ble o]

(W), | ea&gélﬁ%qhe ?an%t ﬁirléuor{xgrgéé/ és\é\?’)eu hp%)swef\s(rj {)415%}% (OY\EaraCt?cggly gﬁ pr essur e
rati o ( CPRvaildtle piicreinformation er dagd us&d(aﬂ'ﬂﬁ)refeieaj&e Ipbﬁas so:rdewmtmﬁg wh&hyr, engi ne
pressure r ti.o (EPR), turbine clearance_contr CC), fuel flow divided by
Ps3 (WQpdhe faulifs) detested drg eskated (ar wneelatad)ito eelem)perfr;awaer dhe mgthed %gr e
(VSV), var I I

(Vo0 varhe R AR PR AR AT O, L ihOBUAE 0

condi ti on"relagddetss withouhabe reed dbot | spRfficand emoutsc hftd?(@e@élﬁb neitheédgiderance i s
eval uated. For the nethod of the present invention, engine perfornmance
condi t i ongerippnansejoblemseufanl asalysine power | evels (e.g., takeoff power,

maxi mum conti nuous power, idle, partial power, special power settings,
etc.). -6p I e term"engine related fault"
refers to any fau%?ﬂ?ﬁgé§{§§§gygc eJﬁ hgs is related to the performance of
t he gas turbine engine being eval uated. Exanples of engine related faults

i ncl ude, BUG. driea Aowcharhstomdng the Habio stepsl uemprisiag dientagnestiomethod of daer anet er s
such as VSV, VBV, W, W, W, flow and efficiency of the engine (e.g., W),
cIearancel%ﬁﬁpr@Vm§V@tens etc. As used herein, the term ' nonengine
related fault” refers to any fault that is detected that is unrelated the
per f or manqgGoh i Qee}ﬂ@s%ntaﬂreﬁ&ed ﬁHQBR)% oPEGTOVAYR! JAtafd FX 3N S8 pOver
nonengi ne rel ated faults include ut are not limted to, those due to

engi ne i nlletel t(€K0HY) aternus EGT pluas gemeratsd Wt esmiBRum toinubesrpewart lavel (T~" ey,

fuel | ower ting value (LHV), data acquisition or testing equipnment used
in eval uat( he engine (including failure to properly calibrate such
equi prent), adaptive equipment used in the test cell (i.e., equipment used

in place qﬁGotsttera ROHsHTRINe RAHZA¥RIAL ylnerp@aedﬁthM%rhttes fRGIdNEs)  EGSt al | ed)
such as adaptive equi prent | eakage (Weéak)~ inlet baffles, vortex grid,

augment or ,v fromethe ifitiod Moaphot of BKI.Gx s such as air tenperature, barometric
pressure and reIatrve humdity (Hunm), statistical and cal cul ati on net hods

to generat yze t nt facto sed. t for
known vari pr ong™ |§rF%r§§en£3Iﬂ°W°§ﬁ‘§ RHRE AR CpResimERy ﬁglgamngtgf’é ﬁ?he[ he term
"current ggiene irldhfon IS dVitg lthe eagllygte étag aab Rabires eﬂgﬁﬂ@rvate%i tianehgol | ect ed

fromthe gas turbine engine that is currently being evaluated. As used

herei n, t Histactedris upnelagad tesgine pederataneef ers to engi ne data previously
generated and collected fromgas turbine engines that are used as the

ref er ence 6] Ble | ApERIRALL Bed if B CPRFCNAINS AR oT 1583 Y

engi nes from wh rior engl data are are typ%ca ly the
same or silavdl E(TKUF)NMUSGSSFG uallaesn@emgednet b%ﬂ@nﬂﬁﬁbd}tﬁhﬁduﬂ powlelevelst cel | .
As used herein, the term"analyzer"” refers to the individual (or group of
|nd|vrduaI5§ Vho are evaluatlng t he perfornance of the gas turbine engine.
As used herein, the term"host conputer” refers to a conputer system (or

syst ens), phcald ¥ ?es%rﬁﬁt‘f%f h&%@ﬁ ‘?{ﬁ%&”&f b RrAeRGS t{h%ld%a i gcame

conmputer(s), that c use to store or engi ne
data, can TIKOE valubi aeSRC MGT dbtaiged reneiha fitted liaa ploy af PIgy. 6.

FIG. 8 is a representative fitted line plot of SFC values generated at a take off power

level (TKOF) versus EGT margin (MAR) values.

FIG. 9 is a representative fitted line plot of SFC values generated at a maximum

continuous power level (MCT) versus EGT margin (MAR) values.
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. conparing and otherw se processing the data, and which is accessible from
or in comunication with, the anal yzer workstation and the test cell. As
used hereiDVIs#50erm "anal yzer workstation" refers to a term nal, conputer
or other electronic device that is normally used by the anal yzer as the
means to access the host conputer. As used herein, the term"test cell™
refers to the facility (indoor, outdoor or conbination thereof) and the
assocl at edFI@ﬂ‘iPHE"ﬁ% r\é’glfﬁria%ivre *lf‘oﬂ%&%l”ﬁné glscf WPk C{l]i?féreBQest @%ﬁé@%{)fiﬂrsﬁd‘e
pur pose of evaluating 1tS pertornmance. used herein, eterm
" transm SEKOR'value§ ef BGT 01 ARYobtaiie] Bém ttlicfised s slot SfIFIG. 8an be carried out
el ectronically be wired nethods, w reless nethods or conbinations thereof.
Typi cal electr?nic transm ssions mﬁtg%g t he scope. of the present jnvention

can be carflled!d8@ m\preseniative dogizental ipgoplot of ghe dibfsreaces pidyalsiBShtet hods,
such as b i ' : : - based,
Internet-gggggggg%%agggggé%g?@gﬁ%ﬁ?gﬁﬁ%ﬁﬁﬁé%&%ﬁ@bpé% e television or

wirel ess tel econmuni cati ons networks, or any other suitable renote

t ransm ssild6. iR ihorkpredentatsedchdrzoaiahling plet bESRC TKOR valnes' varafse3RC Calcany f orm
of progranped nachi nereadabl e | anguage or instructions (e.g., object code)
that, when©r f&aHEY or ot herwise installed, provides operating instructions
to a machi ne capabl e of readi ng those instructions, such as a conputer or
ot her co § . f ' r ter tion can
be. ot or ed g 1 a0y BarhERAShori A AL DI S M P R RS o v
fl oppy di stkstheGEmBR@Mst ckilbdsEIGhd2.d di sks or any other form of suitable
non-vol atile electronic storage nedia. Software useful in the present

i nvention n.al.so be. install by downl qadi n r other formof. r te

tr anem soildn 1Ad § 0BG ARk oa aiiiaed SYuP PR G iEs puThE e OF
conponent sthe pRRARIAVNtEF and/ or steps can be conjointly enployed in the
present invention. Accordingly, the term"conprising" enconpasses the nore

restrictive ternms "consisting essentially op" and "consisting 0" _g_ 13DV
13450 The RETAHERDEXRIBTEINGOF THEIMVEMIKEBh best be under st ood by
reference to the flowhart shown in FIG 1 which is indicated generally as

100. Referying t,0 El ininitial step 101, the first  set of current
ool e aarhs Pt RrGh Fnedern) Dordofe SarPhiR e brefart BLURR affe T he
gas turbi nAateRgusal toindab@re RS peré@inanéLdRd £ thdiR éhgh, L GAMuAinEBINe

perfornmance paraneter under one engine performnce condition. For exanple,
t he parti digri@Fmaneginaeansers datsae be praluated by ther methed of therpresonhiinygniéeh i n st ep

101 coul d ; h xhaust . e rature. (EGT) of engi ne_at

parti cul ar‘gglb‘%%%?”“gé‘f‘% %{éltgl"?ﬁ %%Eoénr%:ﬁ?l%& }%Sf %egrr’pneﬁgr%grg on i’ﬂl%ﬂ? ?mflgr&&arrpl e,

t he engi nespagéic ddl Tpwasdr dnP@Wptior GSFE)), @AprebedE fahGoloakpslds (N HKeXgine FOr the
purpose of illustrating the method of the present invention, the remaining

steps 102 aibilaw|(Wehdupedi fove (&), rogling flavddVddeakage flovedVhi thiust et eteshce to
\I/E\hGiTC ﬁs t Lgepdert‘flfﬁlgz),gé}g%ﬂggssgo r&rggst%'ﬁg E4tioP f’(fl?[g)‘atu?r ine'} rteglsu eh§atf§>0{oiﬁ{)Rr?l( g%/nél at

engi ne € e ‘engtne “performance con
However, igreshfutatio (EPRY)d@EEicqfesshitatatitaEPRY, @ibihé ldarasedbntidl(@TA)ON
illustrated bé flowchart 100 in FIG 1 can be applied to other engine
2 u&ﬁbr

per f or mandéclHewrivided by a8 (AYRQPHi epmpreysien semparetre rtigt(€ R)ovar
i i g t hap.. el . In step 101, th
Fn9L e T LITHIAE (OO 0S Kool BARABT KRB ¥ Blich e LR n L g

t he EGI ofackéleratiogting, &t. a takeof f power |evel, typically as a single data
point. In step 102, this first set of current engine data is then conpared
to a first set of prior engine data that has been previously coll|ected and
gener at ed Ay YsadoReiein, thetters) Jpnging perdorgrangm sondifion nietfen §o Hase sonditigpsver

| evel equi : 1.0 f j YRI ral.i i.nfs. This
conpariSOHM?%F?&H%Eg%ﬁéﬁggr‘?ggggh% Efgé§%%?¥ch$yﬂbﬁ%#%¥ng g#ﬁ%%ﬁ{ally
across (i .iaventiohpenglires gerfobmin@ldonditiogs typibally delak ty ahgles pokert logels (b ¢ ent
engi ne data and the prior engine data by date collected, with the earliest
(ol der) ddekealeipalyehnmeriEnynef gonkpuquss pewelyf idien pastiadt pewer: tweciplapewer (nost
recent) d%%ﬂi%?kﬁ? on the right nost side of the plot. As a result, the

i ndi vi dual>Varue '%r the current engine data will usually appear on the
right nost side of the plot (comonly referred to as a "run chart"). A
statistical analysis is then typically8run on this data plot to determ ne
the center line of the data plot, and what the statistical control limts
(SCL) bel ow and above the center line are based on established statisti cal
criteria (e.g., 2a above or _g_ 13DV 13450



. below center Iine). If the value for the current engine data is found to be
within the SCL (the answer to "Abnornmal ?" in step 102 is "No"), this
typically IB3@VEBds6 an engi ne havi ng an acceptabl e EGI performance, as shown
in step 103 (Engine Normal). If the value for the current engine data is
found to be outside the accepted limts (the answer to "Abnormal ?" in step
102 is "Yes"), this does not necessarily nean that the EGI of the engine is
out si de ac J il d i [ ead, as
homn by Sreneggieityll et enfing shBichadl (e Oy ARG e | Wbkdered AL
under at lisadated wotigdidetformaice pdwhy gdsetuttise edgirie Bdinpebvatudtad. OEx4hsies og, the
EGI of the engine is typically evaluated at just two different power

| evel s. FongERdpgted fa #@nﬁb%rbqt@%notdﬁmt?ﬁ othose gBap engingreséirmance

condi tion ' ‘@yve‘ﬁ,l el C n 0 _Iraxi pum

conti nuougjaé%g%%rg isgﬂgésoxggécond’ sé’tﬁ,\(‘g’f wéuﬁ%%ﬁ%%ﬁ%@%%ﬁée P lréeeﬂegg'at ed and
col | ect ed Wpkclesrahdrasoneohpateas, &8, sStep 105 to a second set of prior engine
data that has been previously generated and col |l ected from ot her EGT

eval uations at thesethwo different power levels. For example, this

conpar i sor tuisddierenthe damogronggeing elated, faulth aefersrto\agy Jawlt Hishes datestedat t he

t ake of f : er at h
ot mum cOm R SR e A EEhS o bibing G bl AFRREE" Bl 1€,
be obt ai ned doyiewgine yilated Gaulltsdncledy, éms bemanahiysl ®, divst liae pd ehgiad itlat a

poi nts of the second set of current engine data and the second set of prior
engi ne dattempeatuirgs| (&) andpipssHres kBusfugl feapemiun (Budv Erel jawesdeptingevalyent  of

EGT val ue e " [ i o) . ) i s)
vorsuo EoT-oA g Sl BRI PRR R en BEThaclin A ) |
FIG 2, tHailweltéo @rdpetle caliiptesach squipestyridaptive digipnia@ uesiinahg teebtdi ned f or
the plot; the dotted-dashed line represent the 95% prediction |evel (95%
Pl) of thdlptequipmepeaised iy plpeefcyherreggipment sormably nsesent when the eaging ipoi nt s

of the curp

The rosi dunroiadd el st MM 1ERILE e iilk] bhon, Ol Bt ca

hor i zont aldugmatofS&c.asnviftdimeneil gheteit fuch @k RiStempoait@ar baresbtricoprdsyuye dat a
poi nt or observation i,s_tx&ilcally on the left nmpst side of the plot with
t he | at estandnisdative cwnidity gdium oitatistien! @k splpuletion metheds &nh sepwatei ght  nost

side of thg, &Qaataﬁg@ssgpa (HcBR ReP R Brofebart A6 ﬁl%wngaagiag@gb{ iﬂgc%s‘é%s will

usual | y appear on nost  Si orizon erearter
referred tandaguiphent (GBI dual EGT plot"). See FIG -10 13DV 13450 3 which
shows a representative horizontal |ine plot of the differences (residuals)

in EGI val ues (y-axi Si; obtained fromthe fitted line plot of FIG 2 versus
the parti ¢ty Weddwean. B fgm ryrsatl enginedata) refars tq enginedats that dyeqneredy| ot and
the trend @f Jbh&:d b,?q iSe1 ol el qu i greement using
est abl i she gr?t erc}eg tﬁéegans{/ver tgﬁ{eﬁﬁ}or Eln%Té;l%ib%ngt%g%lh%g is "Yes"), this
may be an indication that the fault detected in step 102 is unrelated to
engi ne perAousedherin, e teem ppdresngineplatliirefers to engint de@lprevibuly gdmeratat a i s
measured or .calcul ated, envjranmental factors, engine stability, etc. As
shown in saflgpcopgﬁt,egtfﬁ%mn%aasshﬂﬂé‘ﬂ‘ér?_tng‘nﬁ%égatt ?f_ec't‘ﬂege%t ﬂ’(eh?f%rﬁ’@‘?eneglé‘btﬁr are
then T echagking Wedcdifer gk Qfild nIhaRds HitbRg gflel e WnidtPinidpliar
col l ected by othér engine sensors. In step 107, tThe rechecked data iIs then
eval uat ed ehgieidatas trep®l12@dd aredtybeslly tle saee of siE@ar fo theeghs! turbinepémgineand t he
trend of the re%}%u%l. E[ng{)l olt1 are in agreenent. If they are still found to
not be in Sxfresypiateddn fhertesticelleval uati on of the rechecked data (the answer
to "Abnormal ?" in step 107 is again "Yes"), this is a fairly certain

i ndi cati omyd hali HelRgn,fiaY kérnﬂ%ﬁ?&&d rbfarsSlo8Re RRviliSal QBL AP Vr2h fitidbsENYi ne
performance, as shown in step 108 (Nonengine fault). %\n eval uation can then
be carri edvhpare evaldatingrthe perfarhence bicthe gasiertifie erging. hi s nonengi ne rel at ed
fault is (i.e., if the cause is not already apparent). If the EGI fitted
line plot and the trend.of the, residual EGI plot are fouynd to be i

o eenent Auing TEstiboe ey B EEPPUNE: e f hRprifey SO GENeflecki ng
the data (fpiealpns yeverlc@mphaQy Bit also pdisiblye mhPfr@the d8ipiter(s)Nthal cddbs may or
may not behgln ?jnné(éli cation thatythe fallbjlt etected in stgp 1((;2 is related to
engi ne performance. Instead, as shown in step 109, the EGT of the engine is
evaluated in the test cell relative to’other engine performance paraneters
(e.g., SFC, FN, NX, EAF, etc.) under one or nore conditions (e.g., one or
nore power levels). Athird set of current engine data is generated and
coll ected and then conpared in step 110 to a third set of prior engine data
t hat has been previously generated and col |l ected from ot her eval uations
involving the sane engi ne performance paraneters and conditions. This

o N . o e I



13DV13450 representative horizontal line plot of the differences
(residuals) in SFC TKOF values at SFC MCT (y-axis) obtained fromthe fitted
| ine plot BDWI¥E506 versus the particul ar observation number (x-axis). (In
FIG 6, the solid line represents the center line (regression) obtained for
the plot; the dotted lines represent the 95% confidence |evel (95%Cl) of
the plot; the dotted-dashed lines represent the 95% prediction |level (95%
Pl) of th i p Ny i d the
trend of t Sg& ?(;egtll)ﬁf ig@g@%lg? ﬁgtgbca%l%ﬂaxats{i'%w%&g%l_iﬁlkgg%rl#gpﬁo& %%5@23 hown in
step 205, dohgpalihf anll dilewisegprocessidg atialdaal add rveliel iy acdessiBiadtdif) or in
performance paraneter (in this case the EGI) to provide one or nore fitted
| i ne pl ot sCOPEF’Ell%“OE@IT;h’tﬂF?a%naH/?@ vorkplatieyandthe test Slc trend plot. See FIGS.
8 and 9 which show representative fitted line plots of SFC val ues generated

at a take TKOE: X i » ) tP | v s EGT
mar gi n ( %B\Slééil ﬁggl}l’ nte@GS@H f?z%ﬁﬁhig{gfé%l ﬁg gé(\)fﬁgdtol ?\r{]%ﬁlruléag’r gésrg%]%{glr t&'ﬁe

cent er | i nehdrrebgtrenicidenice thatt & moeshaftpusedlty thé atalydches tonieads td avesssitigpr esent
the 95% caonfidence |evel (95% Cl) of the plot; the dotted-dashed Iines
represent ROSECOIMYSr edi ction | evel (95% Pl) of the plot.) See also FIGS. 10
and 11 which show representative horizontal line plots of the differences

(residual sjqi v s F . i ped from
the i1t ed i mer pestt e Bt “ir Selm gL A Paeily Rl Tl BEC," 206,
t he EGI datombisationttheted) andtithes agspcinted teaipbient twheredthpleapine Ac sabjebitedytoy, as
shown in ste 2f07 two ot her engi ne perfornmance paraneters (engine thrust
and fan sﬁ%%g‘ﬂ th?ﬁérpé’ﬁ%? Ryalijaing {fs PErERTBWNES obtain a fitted |ine plot
(Thrust v. Fan Speed) that is conpared to the SFC trend plot. As shown in
step 208, ADGseliiHebds! the BEmPYAhsnlREBR" re¥fers E@Qnysﬁfggﬁ brindnfbch {3t 8gF e Wi th
the SFC trend plot. ‘Accordingly, as shown 1n“step 209 anot her engi ne

per f or mancamxar anetebrctromingliyn deawirtd omgthods, t Waelesyinmthads en abmbdiratdonsel at i ve

to engine {hrust_to obtain.a fitted line plot (Airflowv. Thrust) that is
conpared tW8ere sl FlEfiEoT¢ BRSSOV Fhes%Cébe 9%,6 PreENtARYENERN Fithe pl ot
Al rflow v.qr, i ung: r hi.h : p .

Accor di ngl bye , g%géi ﬁgﬁ,ﬁ;’ %n{?ésil}tegsgbg t{%n@t? heg&gé}éfco?&gﬁjelégoﬁg I{I%E{Bﬂg éeu(\égl aLSl att)yed

rel ative twidgahompeedVide Adeh ANatwarkf (ILAN dbr| WAN)Hastd, (IFesict-Bhsed;, vr webn Speed)

that is cqnpayed to.the SFC trend Pl otI This allows eval uation, of fuel
consunpt i ST JEAERIRSION grethefsystable jiglevisionnprayarsless lrsapmmuynications 12,

the fittededwbiksRrhy bl stitaBl mofcAansRRfnifetheind to agree with the SFC
trend plot. Accordingly, as shown in step 213 (see FIG 3) the fuel flow of
the engine is evaluated relative to the EGI to obtain a fitted line plot

(Fuel Fl owAy usgdGigreinhdhe itesme Sepplawasel’ teders He a@FCormeofdpogmmmed melcbing- i n st ep

214, the fit i | ot. Fue]. FI . .E i ith th
SFC tr ona TsisBle PGl B gultiSlion & 4 vibit piS bRk dhed oaddh 30BEmMe " 1"
unrel at ed iH@aBA0i fI6viRES fo?éﬁﬁ%%nstﬁ%ti@nsr &5 W hacRiRE @Pasib WM rdaBingt @Bs215, the

SFC data is evaluated relative to the SFC adjustnment factor for each of the
test cel | snsiswtions sgehasraatomuiter od ather ceampiseapmgrant ieadezd Sbftwarepiseful {rSFC v.

SFC Calc.),that is conpared to the SFC trend pl ot shown in ep 216,
The Trtt edbt PRecTs i enEpEeq beloscgidr esideion o wEy B e fBasl B RpnfeiaB. &
the SFC t raRtbrithele flsppgaRsidsi 0D ROM didks, hadldiskd @ ay ther Fornelopbaehblo® a cel |
specific problem As shown in step 217, each test cell is checked. As shown
in step 2I®n-wlydt lelespenicfstaragy vistliem Satveart mgefubin the BEEnhdjvestiorenan f act or

i s discovered for rticylar test.cell. See FIGS. 12.and 13 which show

r epr esent ST/ lﬁﬁtﬁﬁ?g%f é?wrﬂP?fén%?ro?tEergtjPH%ﬁ%%g%ﬁcﬁm%'I\/CT val ues versus
SFC Calc, for the test cell that has the problem As shown in step 219, the
appropri at g GRaANRes), thé tefdRompriting” Pebnairiess 0BMporedft edpabRiticl Bfd/or
particular test cell. FIG 14 shows an enbodi nent of a conputerized system
i ndi cat ed siensesaal beycergointlp eimployedpinethe présent irtventiast. hdgcatlinghe the déerant

i nvention,, especially where the test cell is reppote fromthe,analyzer

bor for i n PRBRSURT SHeHaeGe B aioEn fpeiivs il TRt e 38, 456

i ncl udes acbpsittirgfputer, typically in the formof a server or main frane
conputer (or nmultiple servers or main frane conputers depending on the type
and nunber of host conputers involved) indicated generally as 312, as well
as an anal yzer workstation used by the8anal yzer indicated generally as 314.
Workstation 314 is shown as conmunicating with server 312 via a

communi cati ons pat hway indicated generally as 316 that can use Internet or
web- based transm ssion nmethods, cable television or other cable networks or
cabl e-1inked systens, or wreless tel ecommuni cati ons network-based
transm ssi on net hods, Local or Wde Area Network (LAN or WAN) - based

o e L, o, " o e I T e



. 13DV 13450 el ectronic devices) can al so have software indicated generally
as 334 associated therewith or residing thereon that interfaces with or

ot herw se 1ppVT3eso el ectroni ¢ communi cati on between test cell 320, server
312 and workstation 314, and in particular is capable of transmtting data
fromtest cell 320 to at |east server 312 (and potentially workstation
314), as well as receiving and processing data fromworkstation 314, so

t hat the I C . ‘ [ j in. test, cell 320
aceor di ng 18 PEGod e SpRhTtIRIG T ek CBe Aokl W Raklled O 1 Can
al so be prilywctied showi HEFIGON Width Bandiksiad géeealBrasabe Refseng HSEIE. 1ol e
software that can be used in system 310, and in particular as the

conbi nat i dnitigk stepd 04 ethgelirst s¢tt dfapusrenb gpeine detasthgt {sugagraigd And spllasted3| 2) |

t he anal yzgr. t . e Wt r tion 314) .and the
tost col | ke i SALEASERPARGAS wigne IBRR bl Wl PR B o e

associ at e¢ngiaspuifermamey baameter Thde 08 Ehyiag perfataned donditionh & oy aXdr@pls,

sof tware conponents, can be provided or associated with a set of

i nst ruct i dhsparBeulgngInsRerisgmance nasmgierafithmensing eyaluatsdingrep 104 conld system

and/ or us (o) | . i N Of: printed on
and! o U=t bl SGh 18RI (OB, AL SILLORL o BRRCUG! BORD RaiGt o or,
t he sof t wahgink petfornime doaditioR)IHE e kol dngirel opeidingl dtaf poRe RvEL . a
server-based web site), on or inside the packaging in which the software is
provi ded eduieledt tatakeoff KORe &Epethe pwiposaretiilldusirating the msghwd of the or CD
ROM di sk) fromwhich t software is | e r ,instal , 10r..an t her
su'tabl e REFRBLINSR dfr APyt dP2AS 0 o B Fida! WHERe Bena o
use the sqlidcnsed witviefeertp @6 EGTCasa i affiiaTRALMe PbrfbRand® bh@thetes Witk Meand
software of the present invention have been described, it will be apparent
to those giemer kayel af whigh she enging opesateobeingrtht ¢riginet pesiesmanasr eonditionts)be made
wi t hout departing, fro he i,rit..apd scap f the present .inyenti,on as
def i ned i 4 Ol Rl b fufdiotd 4P e §¢ oleiy BHah kR 7° o
nmet hod ( JAchh@roevalFat i ren WeeihbprEd frbthtSeri@icepdrRimandd pfathbierst@sd | ng of
a gas turbi ne'enghne are related to engi ne perfornmance problens or to

probl ens @ élitalbdevaduateryimstep el oundgn cagine perfommansd cooditions othgr thea st eps
of : (A evaluakjne one performance paraneter of the engi ne under one
perfornané@“@ﬁ dFtion to generate a first set of current engine data (101);
(B) comparing the first set of current engine data to a first set of prior

engi ne data sfeprn 01 fthe GRE s@RITlcafrBmAGInG AAa it peerféd AktEcdlREted @;/ koslo@mige
paraneter to determne if there is an abnormality (102); (O if_ an

abnor mal i e PSTektheenginest dakefimoarer iyeh hepicallyss asingladate poipk i séapgi ne
data to thg,f fhfs%irs?%tt o?];cux?él\g%églﬁgghﬂq? ek mﬁ)\é?eldutgta' il d§e|tqgf ﬁﬁgrt &%EII or mance

c
par anet er under at eas erent performance conditionhs togenerate a

second setdatf thetlidseiebn pRgidiglyda@ilideted hod pendridd GomathenBGTheakademdoset  of
current engine data to a second set of prior en%jne data_for the at |east
two differg8hturpiiefeaginghalea pover levd rguiyrlenho gheotheand ds tipirally pararatiter to

determ e dly SUe, | oo ARG KL KokAP) el G6Y SRR Pkl Secon
horizontally across (i.e., from left to right) the individual values of the current engine
data and the prior engine data by date collected, with the earliest (older) data being on
the left most side of the plot and the latest (most recent) data being on the right most
side of the plot. As a result, the individual value for the current engine data will
usually appear on the right most side of the plot (commonly referred to as a “run
chart”). A statistical analysis is then typically run on this data plot to determine the

center line of the data plot, and what the statistical control limits (SCL) below and

above the center line are based on established statistical criteria (e.g., 2 above or

-0-



. of prior engine data to determne if there is an abnormality: ( 1) if an
abnormality is detected, evaluating whether the abnormality is a fault

unr el at ed 3@V i3@sper f ormance of the engine ( 106, 107); (2) if an
abnormality is not detected, evaluating the one perfornmance paraneter
relative to at | east one other engine perfornmance paraneter under at |east
one performance condition to generate a third set of current engine data (
109): (P) seRipatdifdd) if el nior 8o GHehEBloiNGANRS: AR b Be it 1tk Set Of
prior engine data for the at [east one other” engine perfornmance paraneter
-17  13D\8(I46Re aimaher tatAbmamnl 20 iestpe 1 0D sy, thisnghitdlgneflectdat aigiene i f
there is an ,abnormalitb?{ ](5110); (G after corrparing the third set of current
engi ne dathaving anreceptabiiEGd perfprpancerasshowadn stap 403 EngdacNesmad).i f there is
an abnormality: ( 1) if an abnormality is detected, eval uating whether the
abnor mal i tyy .4 3 l.ne 08);
(2) 11 an sy B e SBICE) BBt bt i RuRETO OF BRRRE R peckFelilibe
det ect ed ignswérep ‘(AbnotrBald” frastep 102isated”) chipdodsatormpeRsarily hivan en@ithe ( 111
). 2. The nethod ( 100) of claim11, wherein the one engine perfornance

par anet er EGT fdhe eaging dis opkridss accgpiableclingip.at s &5 redaied i jap angine fault.

£ ! engi rof ,
cooring {1 SETRARRt,fisf B BA%T of it cnphis SRFFRL G 08 Al i on

pressure raaldast tWodiffereat poweiSlevels.r 8bt simpliaity pf plogtingg theaf G0, of €igénpdngor essur e
ration, turbine clearance control, conpression tenperature ratio, variable

stator angp &/picaHy extlnaed nidust twosiffpsent Rovn levelsh Far Pxample; anecwomsnlayel on or
accel er at i Qi d I dfRochdt -{Q&oﬁeéogmféio& e AL o Bler 1AL SRSpGNE enai ne
Yet qutt ng step %\) I's exfaust gas te i 0

per f or mance par amet er nmper at urer or

speci fic fiyehaxt@imUbatihgus cdndifibes. "BRisBashd(sel O0Jurteht anpin®asta &f gdneatddl ecedi ng
clainms, wherein the engine performance condition is an engine power |evel.

5. The netfegobectedandgnthegicompared in stenil Ay tas sacand sset peprengingrlataha | 02)

compr i 59 1H06e5t 5R%ALK dpdalbd BRFLORELA RS Grild o BltGidhO e S ot
different power levels. For example, this comparison can be carried out by plotting
the EGT values generated at the take off power level (EGT TKOF) versus the EGT
values generated at the maximum continuous power level (EGT MCT). An EGT
fitted line plot can then be obtained by carrying out a regression analysis on the
plotted data points of the second set of current engine data and the second set of prior
engine data. See FIG. 2 which shows a representative fitted line plot of EGT values
generated at a maximum continuous power (MCT) level (y-axis) versus EGT values
generated at a take off (TKOF) power level (x-axis). (In FIG. 2, the solid line

represents the center line (regression) obtained for the plot; the dotted-dashed line

represent the 95% prediction level (95% PI) of the plot.)

The differences (residuals) for each of the data points of the current and prior engine
data from the EGT fitted line plot (i.e., the residual above or below the center line) are
then typically plotted horizontally across as individual data points. The earliest
(older) data point or observation is typically on the left most side of the plot with the
latest (most recent) data point or observation being on the right most side of the plot;
again, the data point for the current engine data will usually appear on the right most

side of the horizontal plot (hereafter referred to as the “residual EGT plot”). See FIG.

-10-



engine data in order of earliest date collected to | atest date collected to
provide a data plot; and (2) running a statistical analysis on the data

pl ot to de@widadsot he center line of the data plot and the statistical
control limts below and above the center line. 6. The nethod (100) of any
one of the preceding clains, wherein step (D) (105) conprises the steps of:
~ 8 13DV 13450 ( 1 ) plotting each value of the second set of current

and prior i he . Iy t] t I .1 he
second ser’ SPIACHIAR ApRD AR AR b I o e Wiaees (S EARL i 10
provi de a BETalleslat-axip) shitainéd® frofathe ltied linetplet ¢fIJGe QSiedsus aRaptsicsiaon t he
second data plot to obtain a center line for the second data plot and to
obt ai n t heobgemvplionenERbes 6 g8ishr  bel ow the center |ine of the second data
pl ot for each value of the second set of current and prior engine data

PLot Lo A PARRgEhy e R o B BUALA R MOFu 0T RRSER B o 1

from ear| iggsdentbat @isingl éstatllished oritetibe@lie dasweercrl Fabhcehal 7. infkepnBihad ( 100)
of any one _of the preceding clainms, wherein step (E)( 1 (106, 107) in

ol arm 1°CaseTIs s Pisg 3% e cbsatiop that b GoN dejecio Fep dAP 1S SpBkehE of
conpari ng PRAEHAPAARE. B oo iR b bo RS I TP RFRERB: ¢ 1 oh
second setcalthlaid, @hvienghdifaldRtiard, @ngigt etdbilitg, . t R BBowS iR RtePOIIH, nied i ty;

and measurements used to collect the engine data are then rechecked, such as by selecting
and using a different set data collected by other engine sensors. In step 107, the
rechecked data is then evaluated (as in steps 104 and 105) to see if EGT fitted line
plot and the trend of the residual EGT plot are in agreement. If they are still found to
not be in agreement after the evaluation of the rechecked data (the answer to
“Abnormal?” in step 107 is again “Yes”), this is a fairly certain indication that the
fault detected in step 102 is one unrelated to engine performance, as shown in step

108 (Nonengine fault). An evaluation can then be carried out to determine what the

cause of the this nonengine related fault is (i.e., if the cause is not already apparent).

If the EGT fitted line plot and the trend of the residual EGT plot are found to be in
agreement using established criteria either initially or after rechecking the data (the
answer to “Abnormal?” in step 105 or 107 is “No”) this may or may not be an
indication that the fault detected in step 102 is related to engine performance. Instead,
as shown in step 109, the EGT of the engine is evaluated in the test cell relative to
other engine performance parameters (e.g., SFC, FN, Ny, EAF, etc.) under one or
more conditions (e.g., one or more power levels). A third set of current engine data is
generated and collected and then compared in step 110 to a third set of prior engine
data that has been previously generated and collected from other evaluations involving
the same engine performance parameters and conditions. This comparison of the third
set of current to prior engine data typically involves creating multiple fitted line and
residual trend plots by procedures the same or similar to those used to obtain the EGT

fitted line plot and residual EGT plot in steps 104 and 105. If the trends of the various

11-



.(i1i) after conparing the different second set of current engine data to
the different second set of prior engine data: (a) if an abnornality is
still detdagDad,346¢al uati ng whet her the abnormality is a fault unrelated to
the performance of the engine; (b) if an abnormality is not detected,
proceeding to step (F). 8. A conputerized system (310) for eval uating

whet her faults detected during the testing of a gas turbine engine are

related t i r okl ] ] ngi ne
por  or manca g kR RO BN e MO Rk draee AR e S OB e
anal yzer weitdeht @h¢ ansvwcdle) “Abnoe@aittinhaadp 00 \é tWedhetho st a drirlyudettain 312) ;

(C a test cell (320) for carrying out the evaluation of the engine and in

comuni catipiatign: that the fmysdetegdpdhin eep (84 29 one unrglptpdIesuginp)performancee (328)

u o WiFe (3.
ot (33610 R N007 of SRR (i itn b ERRRLEL hAGHOAT Rip IR Blihe 7o' e

wor kst at i ahe hddehinnclatederatle ftif € dauks3idthot aReudlyfa@pargfito CIE Sisd thghdd @l #hef r om at
| east one of the analyzer workstation (314) and the test cell égéO); (E)
sof tware (3doys (fittedqlipg apd tasidualn depd eplotiptardt ghovb meresment faggordi@gnia t i ng

el ectroni i t.0 t cell ( Jer 66 st .C ter
(312) andcetsﬁ‘gmaﬂréglcgi?égira G%érjgﬁsst a? ?%nﬂﬁgﬁrgfai?anlg 4g%’r l?‘ﬁfr)kafnsl\gm ’t'li{%gltséla@a bet ween
at | east tdaftainofidicacioputher tHe3 Tt detkcicieinaRrby @Y inainkSieMtedrio (&idde and
(F) software (336) associated with the test cell (320) for permtting

el ect r oni deelormensecas showndasigedd 1t(Hagine Faulpe| An pgthgationtogs thenshe casrigsut er

(312) and ¢ er kst at.i (314 ng for transmitii data.fromthe

tost ool QS epias WnlChE Shite' St 2aithe B0 S e MRl el e Bieiny ( S10)

bei ng capatyreex@ipdl, lip\ e SFCIRGRIAON Z8E nofihal( tHe HeR¥RIsURkeSy Ah &eP&igigy mance

paranmeter of the engine under one performance condition to (Iqener ate a first
1

set of curlerrd ekghyrssedntid the §FQ@8T; plo) are npparle thhalefeck st likely tofbecur rent
engi ne datu%fél% & tg'tﬂgtengﬁﬁé 0 Bl %e ?erllg%ci]?o i g%éi% ﬁd‘lei.cﬁgt & depance
condi tion ‘01 the one pertornance par aneter  to er m he T T herd™rs an
abnor mal i twhith #0d)d; théBhavielto B8 eadliged fuleyouit Shedth@GlosslbRioaéngimyieafédy t he

first set of current engine data to the first set of prior engine data,

eval uat e tfAdtsone perfornance parameter under at |east two different
The present invention can be further understood by reference to the flowchart
generally indicated as step 200 in FIGs. 4 and 5 that illustrates a specific analysis of a
gas turbine engine where the fault detected is unrelated to engine performance. As
shown in step 201, a first set of SFC engine performance data is generated and
collected for the current engine under evaluation at a single power level (takeoff). As
shown in step 202, the first set of current and prior engine data is compared by a
horizontal line plot (SFC trend) as before. In this instance, the SFC trend plot shows
that the SFC value for the current engine data is outside SCL (the answer to
“Abnormal?” is “Yes”). As shown in step 203, the SFC for the engine is then
evaluated at two different power levels (take off and maximum continuous) with a
second set of current engine data being generated and collected, and then compared to
the second set of prior engine data as before in an SFC fitted line plot and a residual
SFC plot. See FIG. 6 which shows a representative fitted line plot of SFC values
generated at a take off power level (TKOF) versus SFC values generated at a

maximum continuous power level (MCT). See also FIG. 7 which shows a
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performance conditions to generate a second set of current engine data (
104); (4) conpare the second set of current engine data to a second set of
prior engin®vesugofor the at | east two different performance conditions of
the one performance paraneter to determine if there is an abnornmality
(105); -20 13DV 13450 (5) after conparing the second set of current

engi ne data to the second set of prior engine data to determne if there is

an abnor Uﬁ%ﬁ&&hw&% lﬂoEiz@lﬂa Oélgfi{){(’) fhtx #éﬁergﬁéeg?fegﬁualg)\é?ll i %M@Bgﬁ%s the

abnormality 1S a unrel at pertormance e ‘engi ne 106,

107); (b) dtiSFanMa@In@raxid)idbyaine fiaerh thefited Bek plov af PEG.iogriuseh@patipslal or mance
paraneter relative to at |east one other engine performance paraneter under
at | east owseyaiigroprmbeleCedrish t (IBnFi o Gdhesalid linet 1gpregents thep pentgrr birant

Thira set @erprin) obipef RE Rtk e ok fea bty 0o BRGRE 081 T @

per f or MRNqeSRACH HE RS plot) éer doted ldastild 13RS rdpRéeRl thB9SD, Sredidiibh RIel @5%et er m ne
if there is an abnormality (110); (7) after conparing the third set of

current eriyJ) akthgpiad)to the third set of prior engine data to deternmine if
there is an abnormality: (a) if an abnormality is detected, evaluating

whet her t hes aRRar Mté‘;} 2’04, ShPsEAHted Y1E %ll(ﬂta%g thO b oPRE G ART %%Coglot

are found to agree. Accordingly, as shown in step 205, the SFC of the engine is
evaluated relative to another performance parameter (in this case the EGT) to provide
one or more fitted line plots (SFC v. EGT) that are compared to the SFC trend plot.
See FIGs. 8 and 9 which show representative fitted line plots of SFC values generated
at a take off (TKOF) and maximum continuous (MCT) power levels versus EGT
margin (MAR) values. (In FIGs. 7 and 8, the solid line represents the center line
(regression) obtained for the plot; the dotted lines represent the 95% confidence level
(95% CI) of the plot; the dotted-dashed lines represent the 95% prediction level (95%
PI) of the plot.) See also FIGs. 10 and 11 which show representative horizontal line
plots of the differences (residuals) in SFC TKOF values and SFC MCT values at EGT
MAR obtained from the fitted line plots of FIGs. 8 and 9, respectively. As shown in
step 206, the EGT data is found to not support the SFC trend plot. Accordingly, as
shown in step 207, two other engine performance parameters (engine thrust and fan
speed) of the engine are evaluated to obtain a fitted line plot (Thrust v. Fan Speed)
that is compared to the SFC trend plot. As shown in step 208, the fitted line plot
Thrust v. Fan Speed is found to agree with the SFC trend plot. Accordingly, as shown
in step 209 another engine performance parameter (engine airflow) of the engine is
evaluated relative to engine thrust to obtain a fitted line plot (Airflow v. Thrust) that is
compared to the SFC trend plot. As shown in step 210, the fitted line plot Airflow v.
Thrust is found not to agree with the SFC trend plot. Accordingly, as shown in step
211, the SFC of the engine is evaluated relative to fan speed to obtain a fitted line plot
(Fuel Flow v. Fan Speed) that is compared to the SFC trend plot. This allows

evaluation of fuel consumption independent of thrust.
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.the engine (108); (b) if an abnormality is not detected, eval uating whet her
the abnormality detected in step (3) is a fault related to the performance
of the engizmevi34581 ). 9. The system (310) of claim8, wherein the one
engi ne performance paraneter in (G ( 1 ) is exhaust gas tenperature,
specific fuel consunption, conpressor rotor speed, fan rotor speed, engine
air flow, cooling flow, bleed flow, |eakage flow thrust at rated power,

conpr essi of, L GFs st %‘i% Oth%tt'lﬂtreg’ IAE pbde Tt Elo 9t Fé’n séé%'& i8 ot fora palio,

engl ne pressure ra ne C rance contro npr essi on t erature

rati o, varwiptie Si?(atreﬂd Blog| Accovdinglabiseshblvadn s Qi 3 PRSIFIGOR) thy ifil] dlomon, Oi |
consunption or acceleration time. -21 13DV 13450 10. The system (310) of
claimo9, vHdheengingis eaﬁéaté%gqlﬁeveﬁerth%liﬁﬁrf@@bm afitted Hingplot Afpel Ejqw Y. ) i s

xnaust 9% P PP et oo BEREC fiofd o CRISHIRR' R ep b, ARSHEYPE, (310)

of claim erein the engl n OI’ mance ron 1s engl ne

power | evg&lot Rkl Fldve vSEGIER fhidkOnotab agfey v@iﬂeth@fsm akid phit.t qhﬂslsuﬁw ein the
anal yzer during (Q(2) (102) 2&)a) pl ot s individual values for the first

current erfhatitbe &emtaiemtﬁdtlhétep 2tis pireloteddn ghgiae derfermancor dap resulteand | est

rans & st abrgorh i EhaTpoPESEC Bl SATRAR R GESREr BBl Rl 1) e

of the datfar BAdltofané tdsheclBtdbd & b&Rbate et da@d td wfatha fed oMby mﬂl@t @y e, the
center line. 13. The system of any one of clains to 12, erein the

anal yzer difiG RglcOchataiy cempa@s)to tl(easF@ tiend pldc IAWIOM/@ infsteph2l 6s drsofiteds et of
current arﬁjneplglop éFEn\glg}‘eC %aic is also 8"5und to not to agree with the SFC trend plot,
suggesting that the fault detected is related to a cell specific problem. As shown in
step 217, each test cell is checked. As shown in step 218, a cell specific problem
relating to the SFC adjustment factor is discovered for a particular test cell. See FIGs.
12 and 13 which show representative horizontal line plots of SFC TKOF and SFC
MCT values versus SFC Calc. for the test cell that has the problem. As shown in step
219, the appropriate change(s) is made in the SFC adjustment factor for the particular

test cell.

FIG. 14 shows an embodiment of a computerized system indicated generally as 310
for implementing the method of the present invention, especially where the test cell is
remote from the analyzer performing the evaluation of the engine in the test cell.
System 310 includes a host computer, typically in the form of a server or main frame
computer (or multiple servers or main frame computers depending on the type and
number of host computers involved) indicated generally as 312, as well as an analyzer
workstation used by the analyzer indicated generally as 314. Workstation 314 is
shown as communicating with server 312 via a communications pathway indicated
generally as 316 that can use Internet or web-based transmission methods, cable
television or other cable networks or cable-linked systems, or wireless
telecommunications network-based transmission methods, Local or Wide Area
Network (LAN or WAN)-based transmission methods, or any other suitable remote

transmission method that is wired, wireless or a combination thereof. Workstation
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power |level relative to each value of the second set of current and prior
engi ne data at a second power level to provide a second data plot; (b)
carries out3pwrdgoessi on anal ysis on the second data plot to obtain a
center line for the second data plot and to obtain the difference above or
bel ow the center line of the second data plot for each value of the second
set of current and prior engine data plotted in the second data plot; and

(c) plots 33&1;%% b &1 GRRES PRURIART diRiceS At V8! Belbnd NEsRBE TREL OF

current an rior ngi n rom ear

| at est datpersvahll digite dssistdht (FDa) sy pdredbledtbpdp ompatedfa wildipi®t, @ dellulhBor Wher ei n
the anal yzer during (G (5)(a). (106, 107): (i) selects a different second
set of curqﬂéqitpoéﬁ'@}Pﬂ? opaPhth§ddkea di fferent second set of pri or engi ne dat a;
(ii) conpares the different second set of current engine data to the

dif1 i . L . ; it o
abror rmal 1 1550 SRpeEgin Y R isRBlepCtafib Apaifg RS Rublng chEh e 180
second setinditatedirgegerallengidne® aal & slhowheas dieirige cemtiecrgcionstradt 310 bprd or

engi ne data: (a) if an abnor rralit(%/ Is still detected, eval uates whether the
abnor nal i tspMnautcations pathwap indieated generlymsr3Bdr ke eommupicatignighatieway b) | f
an abnor It V.ol : ceeds. .t | 1 . ware for
use in an?olr?f)lfto }e@luglgé tlggiﬁjgﬁ]l%lg?@f%rg gs\?aﬁ)lbtglt%%g} \/\%é‘%ﬁ%sredf gﬁqsﬁg&%}fect ed

duri ng t hanétkeds, ngblef tekevisish hetwarkeorewttiess dleconahaiiediond agodkebased
performance problens or to problens unrelated to en(ngne perfornmance, the

system i ndrapsmisgion gwikeds, (Iaeeh oraVidaarysreNewrput@AN 3q14) WiAN)-based .
he eval aaramsR rhdaicbn i b et GaheriSiibn it i Sy 27 "
t he soft warigele@rgera &nitdhation thereof, Although not shown, test cell 320 can include or

be associated with a server, main frame computer, personal desktop computer,

portable laptop computer or the like that allows for the collection and processing of

data generated during the evaluation of the engine. Also, server 312, workstation 314

and test cell 320 can be in the same location, or can be a different locations relatively

remote from each other.

As shown in FIG. 14, the prior engine data generally indicated as 326 can be stored on
server 312 or can be stored on another computerized system in communication with
server 312, workstation 314 and/or test cell 320. Server 312 typically has software
indicated generally as 328 that resides thereon and controls access to prior engine data
326, and in particular is capable of providing the ability to communicate with
workstation 314 and test cell 320 and to process data transmitted from at least one of
workstation 314 and test cell 320 generated during the evaluation of the engine in test
cell 320. Workstation 314 also typically has software indicated generally as 332
residing thereon that interfaces with or otherwise permits electronic communication
between workstation 314, server 312 and test cell 320, and in particular is capable of
transmitting data (including prior engine data 326 residing on server 312) between at
least the workstation 314 and server 312 (and potentially test cell 320 as well), so that
the analyzer can perform the evaluation of the engine in test cell 320 according to the

method of the present invention. Test cell 320 (or its associated computer and
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(A) a server software conponent (328) that can reside on the server (312)
that is capable of controlling access to prior engine data (326),

perm ttings3gheyseni ¢ communi cati on between the anal yzer conputer (314) and
the test cell (320), and processing data fromat |east one of the anal yzer
conputer (314) and the test cell (320); (B) an anal yzer software conponent
(332) that can reside on the anal yzer corrputer (314) and is capable of

perm €1 @l SRE A0 UL O SR ARINERANG LEBtacel s4720hecilie ser ver

(312) and ana zer &8 n at

| east ser wséreﬁvﬁﬁ&)r @@ﬂlﬂghﬁleaéw Whae linte@AGRY t1eith (oslémerwas&dpér@nsael&@ﬁim@el I
sof tware conponent (336) that can be associated with the test cell (320)and

i s capabl ecommwamom betgeen destrestli 82@osarveri 344 iavd werkatadiant hi, tassk ircel |

data i o atPoT A % rapolle SRl Sk ERCRA & Wil e AT e

system ( 3%}enlﬁﬁlljﬂ OweABREbE 9f4)aldsOWWeNd af hR @Ry 48 prdcesking Ha@Y&oHat e one
performance parameter of the engine under one performance condition to

gener at e avdrkstgtions2t4,¢b thatrthemalweycarepetéara the evgudtign of tag engit@DVEBU50 ( 2)

compare the,fLLSt s f cur i ne ata .0 a first set of prior engine
data for t%¥ 32hé%é&lflg?%ﬁﬁa%etﬁ%%@?aﬁsg? I?Wél e performance parameter to

determne if there is an abnormality ( 102); (3) if an abnornmality is

det ect ed afHegiree@M@Emtitth daf@ldo BeSprosited @f tHeUbr dF deWwaloagatl@brothervibe first
set of prior e@?l ne data, evaluate the one performance paranmeter under at

| east two instaliable softyarer drareerde be owseil t inoAxsters @é)nefmﬁlt & Pagticataidass éhe of

current en e data 4 4 are the s f curr i ne
data to a cggﬂ) ge?f( g}}e %ﬁrl% %%iﬁﬁ?r S ARORERY, §Efﬂgse agelrve(rmgf%l ??er ent
per f or mancRaRRadsdftwae im EntOB@Z Rﬁieﬁoﬁvﬂﬁnﬁérl@ﬁﬁaﬂﬁilﬂﬁ dn@ ﬁﬁ@tﬁétnbélﬁ i f
there is an abnornmality (10 (5) after conparing the second set of

current erﬁgﬂﬁ@réda@mp@mnt BéGS(el@andVlEheteSbfcelbriiZ@ramb@ ite adsocitedo colapeterni ne | f
i abnor na i s detected, .eval u

th b t
whet ber t RBvRAROTTIRS fdfant sl Atng RS el i’ piPogRt R e Ui e

engi ne ( J&@sso%fb?e)d, with a set of instructions for downloading or installation of the software
on the system and/or use of the software with the system that are written or printed on
one or more sheets of paper, in a multi-page manual, at the location where the
software is located for remote downloading or installation (e.g., a server-based web
site), on or inside the packaging in which the software is provided or sold, and/or on
the electronic media (e.g., floppy disk or CD ROM disk) from which the software is
loaded or installed, or any other suitable method for providing instructions on how to

load, install and/or use the software.

While specific embodiments of the method, system and software of the present
invention have been described, it will be apparent to those skilled in the art that
various modifications thereto can be made without departing from the spirit and scope

of the present invention as defined in the appended claims.
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(b) if an abnormality is not detected, evaluate the one perfor mance *¥37 %5 623
paraneter relative to at | east one other engine performance paraneter under
at | east dAPVISAPGr mance condition to generate a third set of current

engi ne data (109); (6) conparing the third set of current engine data to a
third set of prior engine data for the at | east one other engine
performance paraneter under at | east one performance condition to determ ne
if there icLAamv8bnornmality (110); (7) after conparing the third set of
current engine data to the third set of prior engine data to determne if
there is an abnormal idm; -24 13DV 13450 éaa? if an_abnormality is

det ect ed, leval uamethpd(HBOhtor evpluatingnwhether faplts detgeted dpring, fhedegiingdoftad t he

per f or man . he j ( X j f b Va4 S..not ed,
eval uat i n?g\s/vﬁcréfb%er eﬁ%igé ;%%orr%%gfl)% %é/%%{ngcﬁge}%%%%géﬁédb(%yé I8 {621) P %ﬁ%ﬁ% el at ed
to perfor nardgte®fo éngehegigiontarceltht methddbecondpiBirgotht ¥@peoef claim 15 that is
stored and installable fromone or nore nonvolatile electronic_ storage

medi a. 17. The (4of t warlvating cngi perfgmanpe rparametpe of| thet caging weder aong e
fl di sk CD di sks. 18.. T f1 f f clai 15 t
17°WhTch has | nstrudtlBHRTF sorianop eI ATY A AR kbRl o use

the software with thgopystem how to install the software on the system or
how to use with and install the software on the system 19. The software of
any one of clai(Bp 1%ompan@g wid Girstisst ohpuiéns anigingl daspitag firseé seinaf prier duri ng

(D (2) (102) to: (a)_plot 'S]]di i dual values for the first current engine
data and the first BPEOF SeRgOnIeRperionBpts pitish Ao Bl MENfoct od o
latest date col | ect gfirdnfetdtt de@fnie dBtherenb 84 abddihality{162)st ati st i cal

anal ysis on the data plot to deternmine the center |ine of the data pl ot and

the statistical(Cgontif ah abherimadithéd detecied afibooemparngcibatfinst bitrd. cupgnt The
sof tware of any one gf ol LI 1 bk A& SFpah LReenaR. Safafld B B% £
performance parameter under at least two different performance

conditions to generate a second set of current engine data (104);

(D)  comparing the second set of current engine data to a second set of prior
engine data for the at least two different performance conditions of the
one performance parameter to determine if there is an abnormality
(105);

(E)  after comparing the second set of current engine data to the second set
of prior engine data to determine if there is an abnormality:

(1) if an abnormality is detected, evaluating whether the
abnormality is a fault unrelated to the performance of the
engine (106, 107),

(2) if an abnormality is not detected, evaluating the one
performance parameter relative to at least one other engine
performance parameter under at least one performance
condition to generate a third set of current engine data (109);

(F)  comparing the third set of current engine data to a third set of prior

engine data for the at least one other engine performance parameter
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(a) plot each value of the second set of current and prior engine data at
one power |level relative to each value of the second set of current and
prior engi AVdR¢a0at a second power |evel to provide a second data plot;
(b) carry out a regression analysis on the second data plot to obtain a
center line for the second data plot and to obtain the difference above or
bel ow the center line of the second data plot for each value of the second
set of current and pmder atlgitnehedpdrformande eshditior fedsemsine ifidieee P @i ; and
-25 13DV 13450 (c) plot the differences obtained for each value of the
second set of currerfonameplity (Id0)engi ne data in order fromearliest date
collected to | st L ec . f | ai s
15 to 20, whi i L cag%gg?@s%gffga{hﬁg%r%at ?Eg&gﬁg{ %@ﬁees%?ﬁﬁ% %5“?53)%} 85 (106,
107) to: (i) sel ect piodichfiae aath t¢ eaemtins dithet ical sdimelivgi ne data and a
different second set of prior engine data; (ii) conpare the different
second set of currert) endf nandabrermglitheisdidetastednt cxdeating swhetlgr dhe or
engi ne data to determ ne aib]:1 th e iiss %nulfatl)lnorla Aitgyt; ean(%fo(l_liini i‘% after
conparing the different FOCONY SRt o "EUE rEht %ngl ng dAt S 16 ¢he &lefferent
second set of prior enginggpat@g)a) if an abnormality is still detected,
eval uate whether the abnormality 1s a fault unrelated to the performance of
the engine; (b) if dR) abribravalabagrmaditihgs mhét detected, prabentiog whethey thy (
110). -26 AU A A & A O L A0 8 94030, 8 A Ac & L AR Fefla Ot L A

kr|*=\}xsni d_Z] ca] ca] ca] Grlfeahsikotktadnzaleqal ?a] cal] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] cTa] ca} cajcalca] ca]cTal\a ### $WKE &' ' ' " 1("(()

) 7)) {**2* 1 +Lhe metbad 4100) of cahclavderaa e pragngina piriainendecpdramtten] ca] ca)

ggllca] CS] qg]s%e%] &\a)] i(s: ac]xﬁgl.ls% %,]clsc ?e]n'?p%]ractgl]e? ?}lecc?ﬂccﬁle? %LI?S%!I‘H\{)’ti%h,’ éolrflpl)_}-egls_o(r) Irgtg)rz 323t 778

; <I <<=U=y 2B6Ldp i i i

] ca] ca] cg]sca] (’:S]Hi:ﬁ&f:};i cal %a lgg]hgg}ﬁ}c?g}lg%]hgg} g?ﬁ?&ﬁ?%*%’wﬁvfa] ‘C?]eg?

- j D | sss<aRY@p@ ppwers ersmpieadsizh padssuk gafie,dpdale plessire sdtva fampresfueatatia) ca] cal ¢
IN"r | 1zt Wb{ | wr mhc”?

&) ot ob] CHFER] BATE] SHh] U0 F ALY Ll T OhT CIa: SRR BER] cal cav

] ca] ca] calva@hkia] gabe ahgie! éiiddle PR door position, vibration, oil consumption or

+ v} xsni d_z]] ca] ca] ca] €aj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] cajacedleraliemiiong] ca] ca] ca] ca] ca! ' | We>4~\: }xsni d_Z]] ca] ca] ca] ca] ca] ca] ¢

a) cal cal ca] cal cql.calsh (Ao drerhs Y Sl ah Rl R eahsebelsaheabaahet ool cal e
}xsni d_7] | feihg3lepah§ & &dheRbadlehfplrale lﬁjfelcﬁﬁ} el &rbadpea.cal cal cal ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca! Yndi nl |} AT;
}xsni d_Z] |4 a] calhsainetipd ] 08 ohipoypoa]of dhe presaliing] daibsapdeiamjteafegiieca) cal ca
]calca]calc caAca] cacl.gal]lcaél ca ca30<4dllEF- 10% ()-F 109%& ()- & 109%&' () -
35109 ()_per rmance-condition 1s an €ngie power evel.

5. The method of any one of the preceding claims, wherein step (B) (102)

comprises the steps of:

(1) plotting individual values for the first current engine data and the first prior
engine data in order of earliest date collected to latest date collected to
provide a data plot; and

(2) running a statistical analysis on the data plot to determine the center line of
the data plot and the statistical control limits below and above the center
line.

6. The method (100) of any one of the preceding claims, wherein step (D) (105)

comprises the steps of:
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| 10%& ()- 3' 10%8S& () - 48ABCDECK uV73y 1099& ()- 9F91094& ()-: 109F& ()- M 1088

1088 1088'@E! 113((%;5 8& ()-S: 10%& ()-fK kopgr|bC3 | 10% & () - F&L0% & () -

10T 10Tf Cx10900& ()-, 3 10907& ()-3' =ndEbC33( 10% & () - 3%
109% & ()-3$ 109%4& () - 8# 10%{&'() 9 10% & ()-"
10% & () -, dEbC33L610% & ()-34 10% & ()-3s0 109% ()-s3. 109% & ()-3*

109% & ()-3* 10% ()- bC3 10%& ()-G 10% & ()- 10%& ()-3910% & ()-

10( 10(f; 10% & (@) ploating:wu Ealue b0 (he1s0¢ond1sBeReutenBar(d mme&g'(n)e da@lyne

10T

10(

0% & () - 0% & % FH## $9 10(,10%& (
Tooe (). 10%& PYVel 1ETBbistaid (hsAdiobelus oF the oesged 65 of tengahd prot - g

10( @y 10% &' 0 englh&ga{g‘gt 4 dscodd pOVESe ol to HROVER o decond TRt () -

(2) carrying out a regression analysis on the second data plot to obtain a center
line for the second data plot and to obtain the difference above or below
the center line of the second data plot for each value of the second set of
current and prior engine data plotted in the second data plot; and

(3) plotting the differences obtained for each value of the second set of current
and prior engine data in order from earliest date collected to latest date
collected.

7. The method (100) of any one of the preceding claims, wherein step (E)(1)
(106, 107) in claim 1 comprises the steps of:

@A) selecting a different second set of current engine data and a different
second set of prior engine data;

(ii)  comparing the different second set of current engine data to the
different second set of prior engine data to determine if there is an
abnormality; and

(iii)  after comparing the different second set of current engine data to the
different second set of prior engine data: (a) if an abnormality is still
detected, evaluating whether the abnormality is a fault unrelated to the
performance of the engine; (b) if an abnormality is not detected,
proceeding to step (F).

8. A computerized system (310) for evaluating whether faults detected during the
testing of a gas turbine engine are related to engine performance problems or to
problems unrelated to engine performance, the system comprising:

(A)  ahost computer (312);

(B) an analyzer workstation (314) in communication with the host
computer (312);

(C)  a test cell (320) for carrying out the evaluation of the engine and in

communication with the host computer (312);
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data from at least one of the analyzer workstation (314) and the test cell (320);

(E)  software (332) residing on the analyzer workstation (314) for
permitting electronic communication between the test cell (320), the host
computer (312) and the analyzer workstation (314) and for transmitting data
between at least the host computer (312) and the analyzer workstation (314);
and

t3) software (336) associated with the test cell (320) for permitting
electronic communication between the test cell (320), the host computer (312)
and the analyzer workstation (314) and for transmitting data from the test cell
(320) to at least the host computer (312);

(G) the system (310) being capable of allowing the analyzer to:

(1) evaluate one performance parameter of the engine under one
performance condition to generate a first set of current engine
data (101);

2) compare the first set of current engine data to a first set of prior
engine data for the one performance condition of the one
performance parameter to determine if there is an abnormality
(102);

3) if an abnormality is detected after comparing the first set of
current engine data to the first set of prior engine data, evaluate
the one performance parameter under at least two different
performance conditions to generate a second set of current
engine data (104);

4) compare the second set of current engine data to a second set of
prior engine data for the at least two different performance
conditions of the one performance parameter to determine if

there is an abnormality (105);
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second set of prior engine data to determine if there is an

(6)

(7

abnormality:

(a)

(b)

if an abnormality is detected, evaluate whether the
abnormality is a fault unrelated to the performance of
the engine (106, 107);

if an abnormality is not detected, evaluating the one
performance parameter relative to at least one other
engine performance parameter under at least one
performance condition to generate a third set of current

engine data (109);

comparing the third set of current engine data to a third set of

prior engine data for the at least one other engine performance

parameter under at least one performance condition to

determine if there is an abnormality (110);

after comparing the third set of current engine data to the third

set of prior engine data to determine if there is an abnormality:

(a)

(b)

if an abnormality is detected, evaluating whether the
abnormality is a fault unrelated to the performance of
the engine (108);

if an abnormality is not detected, evaluating whether the
abnormality detected in step (3) is a fault related to the

performance of the engine (111).

9. The system (310) of claim 8, wherein the one engine performance parameter in

(G)(1) is exhaust gas temperature, specific fuel consumption, compressor rotor speed,

fan rotor speed, engine air flow, cooling flow, bleed flow, leakage flow, thrust at rated

power, compression pressure ratio, turbine pressure ratio, fan pressure ratio, engine

pressure ration, turbine clearance control, compression temperature ratio, variable

stator angle, variable bleed door position, vibration, oil consumption or acceleration

time.
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10% & () - 10z[ <TKEBystem (310) of claim 9, wherein the one engine performance parameter
during (G)(1) is exhaust gas temperature or specific fuel consumption.
11.  The system (310) of claim 8, 9 or 10, wherein the engine performance
condition is an engine power level.
12.  The system (310) of any one of claims 8 to 11, wherein the analyzer during
(G)(2) (102):

(a) plots individual values for the first current engine data and the first prior
engine data in order of earliest date collected to latest date collected to
provide a data plot; and

(b) runs a statistical analysis on the data plot to determine the center line of the
data plot and the statistical control limits below and above the center line.

13.  The system of any one of claims 8 to 12, wherein the analyzer during (G)(4)
(105):

(a) plots each value of the second set of current and prior engine data at one
power level relative to each value of the second set of current and prior
engine data at a second power level to provide a second data plot;

(b) carries out a regression analysis on the second data plot to obtain a center
line for the second data plot and to obtain the difference above or below
the center line of the second data plot for each value of the second set of
current and prior engine data plotted in the second data plot; and

(c) plots the differences obtained for each value of the second set of current
and prior engine data in order from earliest date collected to latest date
collected.

14. The system of any one of claims 8 to 13, wherein the analyzer during (G)(5)(a)
(106, 107):

) selects a different second set of current engine data and a different

second set of prior engine data;

(ii)  compares the different second set of current engine data to the different

second set of prior engine data to determine if there is an abnormality;

and
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10% & ()-tc 10% () _cﬁtlfeorogt& Iseg%r_ld set of prior engine data: (a) if an abnormality is still
detected, evaluates whether the abnormality is a fault unrelated to the
performance of the engine; (b) if an abnormality is not detected,
proceeds to (G)(6) (110).
15. Software for use in a computerized system (310) for evaluating whether faults
detected during the testing of a gas turbine engine are related to engine performance
problems or to problems unrelated to engine performance, the system including a
server (312), an analyzer computer (314) in communication with the server (312), and
a test cell (320) for carrying out the evaluation of the engine and in communication
with the server (312); the software comprising:

(A)  a server software component (328) that can reside on the server (312)
that is capable of controlling access to prior engine data (326),
permitting electronic communication between the analyzer computer
(314) and the test cell (320), and processing data from at least one of
the analyzer computer (314) and the test cell (320);

(B) an analyzer software component (332) that can reside on the analyzer
computer (314) and is capable of permitting electronic communication
between the test cell (320), the server (312) and the analyzer computer
(314) and transmitting data between at least server (312) and the
analyzer computer (314); and

(C)  atest cell software component (336) that can be associated with the test
cell (320)and is capable of permitting electronic communication
between the test cell (320), the server (312) and the analyzer computer
(314) and transmitting data to at least the server (312);

(D)  the software when used with the system (310) being capable of
allowing the analyzer to:

(1) evaluate one performance parameter of the engine under one

performance condition to generate a first set of current engine

data (101);
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(102);

?3) if an abnormality is detected after comparing the first set of
current engine data to the first set of prior engine data, evaluate
the one performance parameter under at least two different
performance conditions to generate a second set of current
engine data (104);

(4)  compare the second set of current engine data to a second set of
prior engine data for the at least two different performance
conditions of the one performance parameter to determine if
there is an abnormality (105);

(5) after comparing the second set of current engine data to the
second set of prior engine data to determine if there is an
abnormality:

(a) if an abnormality is detected, evaluate whether the
abnormality is a fault unrelated to the performance of
the engine (106, 107);

(b) if an abnormality is not detected, evaluate the one
performance parameter relative to at least one other
engine performance parameter under at least one
performance condition to generate a third set of current
engine data (109);

(6) comparing the third set of current engine data to a third set of
prior engine data for the at least one other engine performance
parameter under at least one performance condition to
determine if there is an abnormality (110);

@) after comparing the third set of current engine data to the third

set of prior engine data to determine if there is an abnormality;
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abnormality detected in step (3) is a fault related to
performance of the engine (111).
16.  The software of claim 15 that is stored and installable from one or more
nonvolatile electronic storage media.
17.  The software of claim 16, wherein the electronic media are floppy disks or CD
ROM disks.
18.  The software of any one of claims 15 to 17 which has instructions provided or
associated therewith for how to use the software with the system, how to install the
software on the system, or how to use with and install the software on the system.
19.  The software of any one of claims 15 to 18 which is capable of allowing the
analyzer during (D)(2) (102) to:

(a) plot individual values for the first current engine data and the first prior
engine data in order of earliest date collected to latest date collected to
provide a data plot;

(b) run a statistical analysis on the data plot to determine the center line of the
data plot and the statistical control limits below and above the center line.

20.  The software of any one of claims 15 to 19 which is capable of allowing the
analyzer during (D)(4) (105) to:

(a) plot each value of the second set of current and prior engine data at one
power level relative to each value of the second set of current and prior
engine data at a second power level to provide a second data plot;

(b) carry out a regression analysis on the second data plot to obtain a center
line for the second data plot and to obtain the difference above or below
the center line of the second data plot for each value of the second set of

current and prior engine data plotted in the second data plot; and
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(1) select a d set of current engme ata and a
second set of prior engine data;

(i)  compare the different second set of current engine data to the different
second set of prior engine data to determine if there is an abnormality;
and

(iii)  after comparing the different second set of current engine data to the
different second set of prior engine data: (a) if an abnormality is still
detected, evaluate whether the abnormality is a fault unrelated to the
performance of the engine; (b) if an abnormality is not detected,
proceed to (D)(6) (110).

-26-



