5 Cctober 2006 DI AGNOSTI C METHOD AND SYSTEM FOR TURBI NE ENG NES BACKGROUND
OF THE | NVENTI ON The present invention relates generally tecawowetiogd and
system for diagnosing faults 1in a gas turbine engine w thout having to
rely on subjective, experience-based judgnents. The present invention
particularly relates to a diagnostic nmethod and systemfor reliably

determ ning whether the identified faults are related to perfornance

problem in thepgaenguiiMEPNPIRN S YSTRIFOR ATKRARDRNEY _unr el at od

to engi ne performance such as equi pnment’, "I'nc cal cul ation
‘met hods or adjustnent factors, or environnental factors. Historically, the
detection of test cell related faults in gas turbine engi nes has been
based on a conparison to sets of limts (mninumor maxinun) for various

engi ne peLf a ..Jlhese paraneters can include engine thrust,
exhaust giAﬁﬂ%@ﬁm@E%ﬁW@sumti on or flow, as well as
conpressor rotor speeds, air flow through the engine, etc. Gas turbine

engi nes ar PSR hichst il ychek o SShinb@andSale b halihaGh] oul o

engine neets a defined set of Timt or eac See,
for exanplis, a\gaS. tuftdne ehgific 29iBhotT ShavElgatk rely e )subjestivee exifariedelased 1994.

Changes in these sensed paraneters are jdentified by conparison of the
par amet er JVQ@H%@S' nglg'geuﬁ’régenf Svepign particuiarly ishitsseto # diagopyis methadeanshl ues

measur ed f EtemOthPrreHzEﬂlecﬁ&ﬁlﬁfﬁﬁg Whette ﬁl@”?deﬂ{iit’lécl b L¥PCelael PRI TPl €

engi-ne performance paraneters ar8 trended, a pattern In these changes can
be suf fi cipenfolyamiespioblemst m #lid gas clbiis Bhgiae i @nto( sore , ot gbashi)ityof a
specific fault Unf Qrtug&tel y, one of the problens in prior test cell

di agnost i CREHAD 4 cpaEne Reftormengs sach kg tesk sawigments aerisescaletatines i n
the test fahbdslokadRRAAESoldis, bPEn AR 9R%,PaL h qual ity and the Iike can
y de

all inpact on this capability’to accurate ermne . whether the fault
is related to the performance of the engine, or to sone other abnormality
unr el at ed Historindlye g deect®ond tbeiatetirslatedptaotts ixg ganturbiac abiines Yiag begepar at e
engi ne relat faults, .fromfaults unrelated to the engine, .include the

data acqui’ZFd Yhd c?mgh@?P&Be“’Ffsﬁdgnﬂ%@F’é@W BHEIMYENOT (yalers engifieadapt i ve
equi pment gefforrhdiRe RfmA&s. KHes€ parafBttir® T include engine thrust, exhaust gas

temperature and fuel consumption or flow, as well as compressor rotor speeds, air
flow through the engine, etc. Gﬁs turbine engines are normélly tested in a test cell to
" assure that the particular engine meets a defined set of limits for each specified
parameter. See, for example, U.S. Patent 5,293,775 (Clark et al), issued March 15,
1994. Changes in these sensed parameters are identified by comparison of the
- parameter values measured for the current engine, relative to the values measured for

other prior engines of the same or similar type.

.If multiple engine performance parameters are trended, a pattern in these changes can
‘be sufficiently distinct to allow classification (i.e., diagnosis) of a specific fault.
Unfortunately, one of the problems in prior teést cell diagnostic methods is that
changes in the sensed parameters, changes in the test facility, changes in the engine
gas path quality and the like can all impact on this capability to accurately determine .
whether the fault is related to the performance of the engine, of to some other
abnonhality unrelated to the engine. Some factors impacting on the ability to separate

engine related faults, from faults unrelated to the engine, include the data acquisition
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- factors.

used in place of other equipnent normally present when the engine is
installed), as well as environnental factors (e.g., air t %Bé‘rtzHg&
barometric pressure and relative humdity). A further problemw't

engi ne-t o-engi ne conparisons is data scatter (i.e., no trend |line or curve
can be determined within statistical limts) that can be on the sane order
of magni tude as the possible engine fault effects to be identified.
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recogni-tion of a 'single engine pérfor ce paraneter using a ut?l er

det ect i on Usedyiccplace ef pthehegkipmgnt damalppocsest whes thet englideats ihsthlle®uassi de t he
trend Iine'egf curve as dle ermned by the statistical devi ati(gn criteria
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to engine gl%rfo 'maflce. . In addition, because of nultiple interactions
bet ween t R EQF‘%F@ Wagnitydg as osahlseaswe favleeflasisda beddendifisdi or net hod is

not sufficiently effective in identifying whether the potential causes of

the fault & j | ' - ) lated to
the engl ne SoaR ok O UGl nhdd R, Ao Besol B frcBd SRRl T
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i the wong or incorrect solutign(s) to
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avai l abl e 1nformation or data 1 or can I ncor porate
anal ysi s. speifiafaults uélbted corngiat iperforrodncehim foad Instahees) @inall abetierin an
objective evaluation of the substantive data. Instead, fault diagnosis and

correcti ofi™ cofREetsr sifhpe diipsrd o5 trgtRK® Se s useReRiiah %F%m?%aﬂﬁucé‘noynt -of
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is it engine or nonerngine relate I'S makes agnosi test cell
faul t s noin additiormbeenuké bf mnlliphd Biscradiiohs dbiseen thegabdmetegthatard easéd ornot

easily usable, by those w thout the experience wth, engine perfornmance
probl ens. H%?PS‘FE‘gtﬂ‘Lseﬂ’fi‘orfI& Pgéﬁéif%@cwmiy stiegli by IdspBlyingawagther Bl y, it
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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 {est cell fault analysis.




that provides sequential statistical analysis of multiple gas turbine
~engi ne performance paraneters and performance conditions, E)rogi %ﬁ
reliable identification of whether test cell faults are re&P5t8eF 4086
performance problens in the gas turbine engine, or to sone other
abnormality unrelated to engi ne performance, provides the ability to
incorporate all available prior infornmation or data into the test cell
fault andcyailieglyafdwouldebe drsirablegihiereforsuty o ates| celydiegastibasatopdn a

significant _amunt of exper.ience .with engine rformance pr.obl ens or test
el aultet BRATE petnil R A oy choBep BaeR EFPh SRR G PRLERPE o et hod
and syst ﬁaﬂ‘hlfn@trers!' 8ld paYmThingd BerRdiiehsO préNds URlihvle iddielidMion bRwhbdedet ect ed
during the testing of a gas turbine engine, particularly in a test facility

such as test el fayli$ reorelasedibdperformaned problemsoint the gee tirbinkeangimepootsl ens  of
the engine or .to .sone.other _abnormality uprel ated ta.engi ne .perfornmance.
Accor f np % o PO DG SEIfted e B Rt (oM e Be Ll ovt ded. a
met hod f RicorpBised &lﬁhirdiﬁlbl@’f]ﬁ{ddi"i‘ﬁfoﬁﬁ&ﬂénsordﬂaeﬁﬁ@ﬁwqgt'c@ﬂl thil€araBRfs! B Of a gas

turbine engine are related to engine performance problens or to problens
unr el at edoasgog mefjuins supimcfive fralgoentst basedren oslguiGngt iagicugt dhexmriepss of . (A

conparing.a fi.rst set of current epgin atg to a first set of prior
engi ne d‘gftge’f’%}le B?{EOYB@P?%WHE{?E‘@ Orf)cipgweflea‘é]? a’&“ﬁysc‘%e engi ne under one
performance condition to determine if there is an abnormality; (B) if an

abnor mal sttMNMARYeOBRGHEID®YERTIOQNPari ng the first set of current engine
data to the first set of prior engine data, conparing a second set of

current engine data to a second set of prior engine data for at |east two
di f f er entlerepediscdosed v e methed; and eyigemn dorgelidr rilisgnosing ereaveluatingawhetberor mal i ty;

(C afte C [ RQ.th econd.set of, current engine data to.t. second

St or ot AGRA Bhuld e SETRTY Bike oY hERH SRR DB )T
an abnor gigh b$ ¥ tdstcalbéatiifid are reMA Ya tHe 1br WRAANRHrét e BNGE #Bkinb ¥rios a faul t
unrelated to the performance of the engine; (2) if an abnormality is not
det ect ecsomemnthesrabpermalithinrglatedito efgineiperémmanemgi ne data to a third set of
prior engine data for at |east one other engine -3 - ----- ----------- 5
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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 method comprising the steps of: (A) comparing a first set of
current engine data to a first set of prior engine data for one performance
parameter of the engine under one performance condition to determine if there is
an abnormality; (B) if an abnormality is detected after comparing the first set of
current engine data to the first set of prior engine data, comparing a second set of
current engine data to a second set of prior engine data for at least two different
performance conditions to determine if there is an abnormality; (C) 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; (2) if an abnormality is not detected, comparing a third set of current

engine data to a third set of prior engine data for at least one other engine




there is an abnormality. According to a second aspect of the present
invention, there is provided a nethod for evaluating Wnet?&r Batﬁlt hg
detected during the testing of a gas turbine engine are re eleger 40 engi ne
per formance problens or to problens unrelated to engi ne perfornmance, the
met hod conprising the steps of: (A) evaluating one perfornmance paraneter of
t he engi ne under one performance condition to generate a first set of
current perfpmendatparan{adyr calepat leayt bhe perfoshaset conflitonr toeddteranige i data to
a first gset .of prior engine data for the one performance condition of the
one per f OFffdRéR2 Wer to deternine if there is an abnormality; (C) if
an abnormality is detected after conparing the first set of current engine

data toAbhRdikSh se@indAbpddf bf)ﬁl_eﬁy?&leﬂtein@é’&tﬁm, fa g%d?@ed_t Dfiefiog ther f or mance
paranmeter under at |east” two different pertformance conditions to generate

a secondewdtating wietheefaultedeerted dutatgrhe (dB)ing ofpgasi tndpintehragheaonclaet  of
current engine data to a stfgcond set gwri or en?i ne. data for the at | east
two di ffOrANREOHRIRESREOTEHYPE IOPLOISTIS HEClBid I enging anees Mifiret er to

determ q%e{hgdtcgﬁbﬁsihgﬂ%rkt%gggr mality; -3a 5 Cctober 2006 (E) after
conparing the second set Of current engine data to the second set of prior

engine data to deternmine if there is an abnormality: (1) if an abnormality

i s det ec@d, evi;\l at i ng vv&et her the abnorymality is fault _unrelated to

t he per fioVnan®@ B RBC PRYPHRANCE PRrametel PR SP Pi”ﬂaeri Qe IRPR ed,

~eval uat i Rgdlts tgggnegﬁggqfrgg&qgc ﬂéﬁr&%{% dafa€l @tive to at |east one other
er at

engi ne perfornmancCe paraneter un east "one performance condition to
generate a third set of current engine data; (F) conparing the third set of
current @igi nengwriag the Arst it ol ceeent @hgipe ideta te adimstessetiaf priorfenginehiataat | east

one ot he ngi ne r f or mance. par ter under at |east one perf.ornance
condi ti otfqrﬁlf“ %%&Fﬂ“ﬁ‘é“‘?efmpﬁ’é‘to@ Q%EE%HH%B?\T THEPPe arameser iy fléPmE:‘B ring the
third sehe@fis MiilRRha®ygi ne data to the third set of prior engine data to
deternmine if there I's an abnormality:

(C)  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;

(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;
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(1) if an abnornmality is detected, evaluating whether the abnormality is a

fault wunrelated to the performance of the engine; (2) if ggagn lity is
not detected, evaluating whether the abnormality detected >MHf© ?rgz;? O is a
fault related to performance of the engine. According to a third aspect of

the present invention, there is provided a conputerized systemfor

eval uat i whet her faults detected during the testing of a gas turbine

engi ne afe r 14T SAMPHINEIHP AeFope SeiRt e shems datado dhe sesont $HOERROTUNT el at ed
to engi feiRefal-ObMRAMIne i GieRVis b ThidtMlihyS| "g: (A) a host conputer; (B) an

anal yzer “workstation in conmmunication wth the host conputer; (C) a test
cell for carrying out the evaluation of the engine and in conmmunication
wi t h t hellhostif corgbotenality D) detscted wewabnatieg ivehietiger dhe hbwormakity soanfaidter f or

control ling agcess t rior ine data, for permtting electronic
comuni c%aﬁﬁggﬁﬁ’ﬁpFﬁgg’éﬁ?ﬁPyg&%%mﬁstati on and the test cell, and for
processing data fromat | east one of the analyzer workstation and the test

cel I'; (ER) sofif waradns @ity NonQ e RMMAR: ﬂ’{@rolﬁéipéﬁioﬂﬂaﬁc@r pRRd L ting -4
5 Cctober 2006 el ectronic comunication between the test el I, the host
conput errckatite ttheatalvastyomr otheordogingt poforanaded paratmetarswndet i atgleakat anebet ween at

| east the _host co .er and the  analyzer workstatjon;, (F) software
associ ath& OW?WGFE’E&{{‘%P %@F‘Tatef%ﬁhngéf’%‘?ftecflfrﬁ@t eng&dpni ¢ conmuni cat i on
between the test cell, the host conputer and the analyzer workstation and

for transyi ttdofpadag Mefthiodsdtlo P8 efigiht dki@ t6h tiRPRE of O_rfé?%le ds@nput er;

(G the system being capable of allowng the analyzer conpare a

first sdprbeatlgpstone othsyenginadearforimence faramdtersetlendt lgast are manfprmendgat a f or
one perfo ar amet.er of th%PEe)n ine under one performance condition to

det er m rf&" iﬁgﬂﬁogﬁl ermine gt 1547 ) i f an abnormality is detected

after conparing the first set of current engine data to the first set of

prior eng)ne a@af BompARIEPRE GhRd SBCONEurFRt cREnG WhiaOB! the MG Qetdd frid:0 & second
set of prior engine data for at |least two different perfornmance conditions

t o det erchgiie dptp to Heferming ifthere abaroatmatmality: (3) after conparing the second
set of current engine data to the second set of prior engine data to

et 18, BBl BORRRTB B P SOOI 4Rl o

unrelated to the performance of the engine;

(2)  if an abnormality is not detected, evaluating whether the abnormality detected

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

~ According to a third aspect of the present invention, there is provided a computerized
system 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) a host computer; (B) an analyzer
workstation in communication with the host computer; (C) a test cell for carrying
out the evaluation of the engine and in communication with the host computer; (D)
software residing on the host computer for controlling access to prior engine data,
for permitting electronic comﬁunication with the analyzer workstation and the test
cell, and for processing data from at least one of the analyzer workstation and the

test cell, (E) software residing on . the analyzer workstation for permitting
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the performance of the engine; (b) if an abnormality is not detected,
conpare a third set of current engine data to a third setsgftoe&jzt% engi ne
data for at |east one other engine performance paraneter Under ?east
one performance condition to determne if there is an abnormality.
According to a fourth aspect of the present invention, there is provided a

conputerized system for eval uating whether, faults detect durjng the
testing @Fctépméa@nwmaﬂ@n FOYSea the st %qrflaf%hq%cgwgvﬁ%a@&'ﬁ@ﬂlﬁfaﬁ%e pr obl ens
or to pr . r : ' eq .t | sing: (A)
2 host caoaen it e R R bl RGeSt SUSLAR ST T [he
host conguilesker wdskstatib®s {F)CsdbftwarkOdissGeiniteyli wigh ot tefiecdll dbpemainingf t he
engi ne and hi conmuni cation with the host conputer; (D) software residing

on t he hdJsetraguerpemsrnication batweshithetpsteddle she hast cpmputer andjtheanalyeer, f or
permtting.e|lectronjc comunication with the analyzer rkstati on and the
Post cel WOrGiAFoR o, ot SEE AL &t i 08 R 2ol o G HmigRl o

wor kst at j il s res kel er -4a 5
Qct ober %%ﬁ&%ﬁ}ig%éaﬁ%ﬁ@lg?gge rri??f%l\é@gﬁgct??g%l &crg& 12??:12 ?Ilg?lﬁzbet ween
the testfiseldet dfheurhast enginemdite to andirshaendl prier enginksdahifon ared f or

transmtting data between at | east the host conputer and the anal yzer
wor kst atPSHRIMaRee (naramefer el dheysengineatuadeniane peHermanae carditiplrtopernitting

el ect ronj Q i,gati on_between t.he st celd . the, host,  c r and the
anal yzerdsisPRBY A BRL G of APBREAY (@F i S etoridfint T 4SRN (0"
l'east t heyiRsingGREMIHESIet of GhrrbMCenbiitd 84th REHRNIHERARBOOLHRYr @ldiwisg, the

anal yzer to: (%) eval uate one performance paraneter oIf) t he "engi ne under one
per f or nesueEparo adetondrset of geTemt abgine difarte ta ssednddet ofiprienengngydate folat a; (2)
conpare the first set of current engine data to a firs et of prior

engi ne Bt afl rtwf’héhfgfﬁént ;}v@Ff\%&pﬁ%ﬁ% &opdiHans i ton dgterpgne d&éﬁﬁ‘@r fSrd%ance

par amet e erm | -0 bpgr Ity | fy.an. ahpormal ity
i s detec bélé&g?qﬁ&’r @o?ﬁr’%&# icﬂggg{%lgg ftﬁ?s? &sngt Qé(%fg@%{ﬁlﬁ%{%nér%%%idﬁg @ap{% to the
first sefecoid Béti GFpratOérdendldia, to Qe ifl therediRCan MSHFrABIBAGE) Hamanet er
under at least two different performance conditions to generate a second
set of cbnpenalityngidetectial ayvalpale whether thet dtmosmeldtydis sefaudlf umralatesihte  engi ne

data to second set of prior epgine data for the at |east two different
' - tﬁe performance ofo thepenglne; (B? 1fn an a norma?lty is not detected, compare a

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

determine if there is an abnormality.

According to a fourth aspect of the present invention, there is provided a
computerized system 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) a host computer; (B)
~ an analyzer workstation in communication with the host computer; (C) a test cell
. for carrying out the evaluation of the engine and hi communication With the host
computer; (D) software residing on the host computer for controiling a.ccess to
prior engine data, for permitting electronic communication with the analyzer
workstation and the test cell, and for processing data from at least one of the

analyzer workstation and the test cell; (E) software residing on the analyzer
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performance conditions of the one perfornance parameter to deternmine if
there is an abnormality; (5) after conparing the second sgtocg)]‘be]giﬂp%ent
engi ne data to the second set of prior engine data to determne 1t there
is an abnormality: (a) if an abnormality is detected, eval uate whether the
abnormality is a fault unrelated to the performance of the engine; (b) if

el at 1 vempHksiionaE Do e OBl TR PR B 0 s B at | cast
one perf QLBNEL kP B {F]ﬂea?){ el} ?vaﬂﬁé??c‘i%l# &@f&ﬂrﬁlﬁnﬁﬁﬁlﬁo& BUTRA Lt ‘T&?zﬂf ne data;

(6) after comparing t set current engifie data to a Ird set of

prior enthiertmstiadraphiter ahd eheadnalyprs tworkstaér emndgBy isokwper fse5dimed avitpar anet er
under at | east one performance condition to determne if there is an
abnor mal theyest cedl far pamitingslacnegic spanmynicatienbetyieck thertesitcentdichostiat a t o

abror mal forpputpr i e RelEROhAfrE R 40 BEvEerafnd Jab it i ledb: «ne

ab | et W T . i c (b) if
abnor mal fot Yt itgs@ thaWobt H&hﬁht%%eébj @rllé Q?steﬂﬁbéﬂ%{*ﬁ@?ﬁlteﬁgf Taaltolﬁor e (b)

an abnormality is not detected, €evaluating wh 1ty

det ect edanatyzet dp: (B) evaluatef @l penfeinsned pavambier pdrthoremgieeunder odd 5
Cct ober 2(%?6 t he engi.ne. Accordi ng to a fifth aspect of the present
i nvent i RFIIGrAWPES Pgnfg%w%anfaa@& 1§ sgt of gurreRd eengineadat gl COPIPAEY syst em

for evalmatd %Q/qg{ ; tec i e eskin a gas turbine
engi ne atl}ig f?rgﬁgsa e @?"'@%%ﬁ%ﬁe@ 6%?‘? go_r Erlra%ﬁcs:{ei?%rogﬂfﬁeo%sengrnet %&ta g?lgg}fee?rlge unrel at ed
t o engi neerfgifaAtdBOEE o BE tIRY She Peiftiehaiie HRrAn&er ¥letediine 3NAleYd & conput er
in commnication with the server, and a test cell for carrying out the
eval uat i amalkyformabitye(g) tfeamabndrmatipnisudétected afienicomparieg ther fiest sett b

software conprising:. (A) a server software conponent that cap reside on the
server GHRE{M i‘?lg&‘%Fpélﬁfae t%fthEoﬁ’EsF ofef | Ay PEIOE eQ\E1RG, d3ta, O?Vagf?é‘? ,{Be dies,

permtti ' I gat i gn t e Lt and the
Pest. colllHERGALs Bilma TN, Soleall b dtER! BEBAREOATIMLE 000 1 o
~and t he gdepsiat€elstcondBet anc@halt ¢agine daet, (PPEEnsReBRNRRbnd falof¢aRenesi de on

the anal yzer conputer and is capabl e of ermtting electronic
comuni cEgitgndaiet ineeseetnsl seisef paen engine Vierr thenat taast tvemalifferent conput er

. and tr a-npsegtic;[ntniarqge gg&ﬁtic?nest ofthe- O%E: plee oﬁrglatgc%epasrgrglgt%; toaggteltnrl]i%e if there is
an abnormality; (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; (b) if an abnormality is not detected, evaluating the
on¢ 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; (6) after 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; (7) 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) if an abnormality

- is detected, evaluating whether the abnormality is a fault unrelated to the
performance of the engine; (b) if an abnormality is not detected, evaluating

‘whether the abnormality detected in step (3) is a fault related to the performance of
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anal yzer conputer; (C) a test cell software conponent that can be
associated wth the test cell and is capable of permtti ng el ctioggi C
comuni cati on between the test <cell, the server and the a Qcﬁyggr nput er
and transmtting data to at |least the server; (D) the software when used
with the system being capable of allowing the analyzer to: (1) conpare a
first set of current engine data to a first set of prior engine data for
t he one YEFPBEance condition of the one perfornmance paraneter to
determne if there is an abnormality; (2) if an abnormality is detected

after cRuRARRAdotRnhIdsle SHOLRURY RULNEATIAG JOLAViSed DRofiaL set of

prior englne ta, a se current éngi ne 0 a second set of

prior enfgrnee iod sompiitetibed fstdre dsit evalwmingiwiethethulpeddtestadasang errdi t i ons of
t he one performance paraneter to determne if there is an abnormality; (3)
after cdeging ppatee tabinenengiee arsf rofaied émengisp gierformance prebloms eeloond set of

i i dat t ! if.th i b lity: i f
B bnor nattepiens HeEleb 3 oRucy apdoTmE et REISB A § SV it
unr el at eghahyet E@mgﬂ'ef H OBRERI atiol Sv B B §orvéC hnd b S @R o'a%?h?ée' s not

detected, eval uate the one performance paraneter relative t ast one

- other -@it the-evaluation- ef the enginechmbén cdfiGuniemgomevifie thorsepreethear anet er

under at | east one performance condition to generate a third set of

“current YRR CHBPESINGJAY AgicRr seltwatg samponspeibat ¢n reside gRdResAvetvent i on,

there i rovij.d a f . for use i.n a computerized.systemfor

eval vat R S eleRlle e B EphtHffe acBlon Ropricl S B ERGGRY IS, b1 e
engi ne ajo@nh@hiddiRfh bAwWRRYitRe aﬂﬁ%é}?éﬂiﬁﬁiﬁar%&p{%stoéelh%nd%r@@és%f@ unrel at ed
to engi ne performance, the systemincluding a server, ‘an ‘anal yzer conputer
i n commubste fivitoat leastonehd the rualyzeracwinputereatd theltestfeetl; (B ayianglyzerut t he
eval uatiog of the engine and in communication with the server; the '

 FOmAgRENt Ahatcaieeside abfhenanalyzsroBmuiar 3l @RADKER de on the
Server .ﬂe%ﬁtﬁh% eq@c?taol?ﬁce c81fmrﬁﬂlri'éart1?)|n| hafedS Ghe Sc?%‘%oce?lr 'tﬁé e nﬁldd tea’
pernmitti'ng electroni c conmuni cati on DeEtween the analyZer conputer and the

test celdnalyagd cBIPARS SAHA0 trafl@hRting Q2 betvnt aOMsOthd Rer@Palndz e conput er
and the test cell; (B) an analyzer software conponent that can reside on

~t he analapmbreccmputer, (Ehd test celpaliwarefomponent that can be associated with

the test cell and is capable of permitting electronic communication between the test
cell, the server and the analyzer computer and transmitting data to at least the
server; (D) the software when used with the system being capable of allowing the
analyzer to: (1) compare a 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; (2) if an abnormality is detected after
comparing the first set of current engine data to the first set of prior engine data, a
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; (3) 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; (¢} if an abnormality is not

detected, evaluate the one performance parameter relative to at least one other
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permtting el ectronic communi cation between the test cell, the server and
the analyzer conputer and transmtting data between at Iegg}t‘i Ejhe erver
and the analyzer computer; (C) a test cell software conpo fobg Scan be
associated wwth the test cell and is capable of permtting electronic
comuni cati on between the test <cell, the server and the anal yzer conputer
and transmtting data to at |east the server; (D) the software when used
W t h t heergige eperbemagee apahetenfumet @t legstt bee parfiirymece toonditibh &val uat e
one performance par amatfer of the e (%i ne under one perfornmance condition to
gener at e SEGRlF &thid setqf curreptenet &?’le data; (2) conpare the first set of
current engine data to a first set of prior engine data for the one

per f or ma it : : t : Lhe if

t here is&%g%ﬁ%g%gﬁtl?é?ﬁe?%)p% ;gﬁgefgg%%@%@@ e?‘ggg%gesg terencorrpari ng
t he firsforase inh computarired spgemefot atdudtingt Wkether Kiults deteoted @intiag tiengi ne
data, eval uate the one performance parameter under at |east two different
per f or maifsEng 6h @ 2asdHLbinG engag arareatgd Je cogimeariosmanes pwblenenel te dat a;

(2) conpareqthe n ef. of current engine data to.,.a second set of prior
g ne. GaeDRs ofRIAEY Poiadne TEHafPhseott ebf hefule S  of Che
one per f gidIRRe QoRPuAFTh KondBuHEHRIWAR thé sé6F, finldS: tesEelP i dap8lg 2006 an
abnormality; (3) after conparing the second sét of current engirne data to
the secouwldtleetvalfiatpon of thagingmedand inocatemenivatien i with Hbe eserwerathe

abnormal ity: éa) if.an abnormality is detected, evaluate whether the
abnor mal $4LVare COMPESING: (i PAVEFOLiyare srmpRipeng thap paibresidergndhe sejivele; (b) i f

b i i d . :
- Tor e velEd i€ bapdbIE BF kG aco Bt BG: bifine Mo, REELARIR GRS €] o

one per f gynimogRation Between the aeReértsmputthhhd tBetesPlell CAHd pRce®ig Ne dat a;
(4) conmparing the third set of current engine data to a third set of prior

engi ne déata fifom at lrastaond ebithe amalyzot bempetng amd theetebioecata {Bg apamalyeerer under
at | east e erformamcti1 condition to detelrm' ne if therg.is aB abforrrality;
(5) aftef® QRIPRGCRt Dt fan gesids onfhe analyzRr CmPHer ahd 5 ¢aPKeOt hird set

of pri Or?é?ﬁﬁlﬂtiﬁg Halionit CoGhEHiBkn bé%egﬁrtﬁeitt%%tg@%gbﬁﬁgr%?ﬁrt ¥id B 1T an

abnormality 1s detected, evaluatlng her normal ity 1s a fault
‘unr el at eghalyzet henpritdroandneasoittihf eden Hehecen( d) ledst the sebrpraml ey 1S not

detected, evaluating whether the abnornmality detected in step
analyzer computer; (C) a test cell software component that can be associated with
the test cell and is capable of permitting electronic communication between the test
_ cell, the server and the analyzer computer and transmitting data to at least the
server; (D) the software when used with the system 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; (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; (1) 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; (2) 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
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(3) is afault related to performance of the engine. The method and system
may provide a nunber of benefits and advant ages, especi al I$/O %/\,bt? pigard to
prior test cell diagnostic nethods that rely on analysis o & °8F" 8 engi ne
performance paraneter. The nethod and system may permt the sequenti al
statistical analysis of nultiple gas turbine engine performance paraneters
and perfornmance _conditions for greater accuracy and reliability i

di agnosi #yabieamalifye (Bhafter sanpaing e second st Yabureay caginetdaga FFE%/}W:)S and
t i i abl.e. i i ficat f th he,.f det ect ed
oY ot con RTS8l A WG LA A BE Geu B! 2 15T Lo

ot her praphoafniey 8RR, icbXlubiRrwhahed tHeOattidamaRtyPis ' fiulfNEelatddCly as those
involving the test facility and associ ated equi pient, cal cul ati on net hods

or adj ube perforthamxecofsthe anginen(h)rif aneabnatmilitytionst dfthatcdptvabitatit syst em
may al so -4e Qct ober 2006 grovi de the ability to incorporate as nuch as
i s~ possiBicePeomMAncE | RasHRetcp relaige 4034 1935tk ong qther e0@IRG PEFIOERARE dat a used
as ther i t R0 : |t tected are
rel ated I%fé%ﬁ%%fgﬂng?ﬂegg I%ag{ gggirﬁe pe?ﬁ%} Y}n@ﬁ%{e}% %%gﬁ'e&g{aﬁéé {@)39 gbgl @f(c) permt

obj ect i ve@rfeutlgiging dataf (4pRamphiifg ded tirdadt bbtlrtent 8ngiat dhtadotaahisisout t he
need for significant amounts of experience w th engine perfornmance problens

or- faul tof paivalepging. dagrfarpheEdemt Pne Qtharnghre PRAVINGS Faraneter usder f | owchar t
showi ng the basic steps conpy.ij.sSi t he di ost.i c t hod.of fthe resent
hvent T oh et e Berirmiznpg Blic APadaTine A3BSRIR an Pt A fares

2 e o arife (S SR fot AUl @ifing (S oM/ Rt e BFprYE e 2aATL 21 o
-hor i zonttaldeterménepif thereis ztdrﬂmdhﬁﬁléﬂye(u)éﬁélﬁ nlesirohatitysiy detecte@levaladtings from t he

fitted line plot of FIG 2. FIGs. 4 and 5 represent a flowhart .
i 1] ust r avhetberdhe abamalibnis adpult mareleted sl therperfosmangecaidhe engivedd) ¥n

) 108 SR8 el i ORISR MR b i o
plot of (SFG aahieslgans RiBnalcc b tRkenghd, POver

The method and system may provide 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 may permit 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 may permit reliable identification of whether
the faults 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 may also

~ -de-




| evel (TKOF) versus SFC val ues generated at a maxi mum conti nuous power
level (MCT). FIG 7 is a representative horizontal |ine pgg)t f iogﬁ

di fferences (residuals) in SFC TKOF values at SFC MCT obt NG t he
fitted line plot of FIG 6. FIG 8 is a representative fitted line plot of
SFC val ues generated at a take off power |[|evel (TKOF) ver sus EGT margin

(MAR) val ues. FlI 9 is arepresentative fitted line values
gener at eRfoxide & erﬁgk’il%%m@&?ﬁ“ﬁG%H@C%a%\lérpoﬁ%b]él‘)fPRRE’Q’Ya%Pé mE Har gi n

MAR) v r 0] i ont al
I(i ne) pl g‘%ﬁt%?l nfor@aglﬁéggﬁc%sg( %e%gﬁ elrér@ p%nglfg?m%@ﬂﬁ% %gthgﬂ GT MAR
obt ai nedfatiit@mdétbeaed atet ethtéd g yprkQatedf toFdl@ne&)erﬁhﬁancbl Tlﬁa methec} megent ati ve

hor i zontﬁl line plot. of the differences Eéres duals) in MCT val ues at
EGT MAR it a?rﬁéﬂolnr:@ﬁﬁetJHéngE &8 Whah heplciectesk fqultes rglaterhteawazouit they

represe ey, gﬁg | Cal e.
for a t(r}get%ng lé}ﬁj aé?%%bntl; OPQ}F@E@%?% ESE}IT go:fglgﬁ%;?%ﬁ %g%pr)?f? of SFC
MCT val Lzeﬁlysersus SFC Cale. for the sane test cell as FIG 12. FIG 14 is
a bl ock diagram of a conputerized systemfor carrying out the method of
the pre ' ion. TALLED DESCRI PTI ON OF THE | NVENTI ON As used

her ei n, Sﬁﬁ@ﬁﬁﬁﬁ&@ﬁa@ﬁ%ﬁ&%%\%@%r aneter" refers to those paraneters
that are used to neasure the performance of a gas turbine engine. Gas

tur bi ne 15a91 36, IBREARE FRAARe MRAARRIES SohBling Bt Bfmos@hiiHod dr e L he

met hod of the present invention 1nclude, but“are not imted to, exhaust

gas tenpeeshumeertié@l), engi ne thrust (FN), specific fuel flow or
consunption (SFC), conpressor or fan rotor speeds (N.), engine air flow

(Wa), bleed.flow .coql i fl eakage fl.0 L Ohrust at
Fared | gat? it Fhmyesehitiss Bud Be pREoE KON vauiP et 2 aels (DY S sur e
rati o (ER)(TKOF) RERSTEP vaRiel Qehdr Ei@l at ANGhARuR] ESSHhBud géév@r (FER)

t ur bi ne cl ear ance control (TCC),” fuel flow divided by Ps3 (WQP3),

conpr esdMSBIX enperature ratio (CTR), variable stator angle (VSV), variable
bl eed door position (VBV), vibration, oil consunption,

- FIG. 3 is a representative horizontal line plot of the differences (residuals) in EGT

values from the fitted line plot of FIG. 2.

- FIGs. 4 and 5 represent a flowchart illustrating an embodiment of the method of the
~present invention involving the analysis of a gas turbine engine where the fault

detected is unrelated to engine performance.

FIG. 6-is 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).

FIG. 7 is arepresentative horizontal line plot of the differences (residuals) in SFC

TKOF values at SFC MCT obtained from the fitted line plot of FIG. 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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~acceleration time, etc. As used herein, the term "engi ne perfornmance
condition" refers to those conditions wunder which the eng'ep gerfﬁ mance
is evaluated. For the nethod of the present invention, englﬁ@ r mance
-conditions typically relate to engine power levels (e.g., takeoff power,
maxi mum cont i nuous power, idle, partial power, special power settings,
etc.). -6 5 Cctober 2006 As used herein, the term"engine related fault"”

refers toprRYI(f BU feptddaitative RR{RREEUnE Pt of the deirabmds (RsidafsPaY §pcmance of
t he gas turbine engine being eval uated. Exanples of engine related faults

i ncl ude, BKOFaraduasat EGINViARIoktained fromethd fidted dine plyit nEFK& 8 or nance
paraneters such as VSV, vBY, W, W, W, flow and efficiency of the engine

(e.qg., | earance control.s ns, , et .Msed herein,. the rm
honengi nElc dilaFateprspra kB SR p1dT e B Herbish iSRG T
unr el at edpMdievA18ES A BTPINRAR bbfaliRd $en He'fit-aqirR Mt e FRgi 919 eval uat ed.
Exanpl es of nonengine related faults include, "but are not limted to,

those due to engine inlet tenperatures (T2) and pressures (P2), fuel

t enper at uFk. (12fis a rgpredentative bowzonted dime plptwdISKE TK OBwrlued semunbui&la.i on or
testing @yig%$nﬁ used in evaluating the engine (including failure to
“properly PAPYBESHE such equi pment), adaptive equi pment used in the test
cell (i.e., equipnent used in place of other equi prent normally present

when t he EIWIiINEs aSepredhtaivt GdlizaHaiRIBOIAPSFY MENYaREB RérsheSkeTRilc. - - | eak) ,
inlet baffles, vortex grid, augnentor, etc., environnental factors such as

ai r t enpefosthersamefiest 6pibas Fli65.dRessure and relative humidity (Hum), -
statistical and cal cul ation methods to generate or analyze data,

and squi prhiea v SaEtkan AP ERRREret ol RR R APl R AelBor G o7

~to engi nethe@t@eﬁthﬂtreﬂﬁ@ngenerat ed and collected fromthe gas turbine engine
that is currently being evaluated. As used herein, the term"prior __ A"

_icici~to .0 engi ne data 5r evi ousl enerated and coll ected from gas
turbi ne eRBTASKEDHAESGRETY @ooggﬂésnéq &@N@?@ﬂce point for conparing the

current engine data. The gas turbine engines fromwhich this prior engine
gﬁtg?ngr e AOML&CHGEn2 TR MR ERihY pé%rﬁﬁ@@ pRanihdP® k&ErstiB hilR [RBRfndibisPi ne

. that are used to measure the performance of a gas turbine engine. Gas turbine engine
performance parameters that can be evaluated by the method of the present invention
include, but are not limited to, exhaust gas temperature (EGT), engine thrust (FN),
specific fuel flow or consumption (SFC), compressor or fan rotor speeds (N,), engine
air flow (W,), bleed flow (Wy), cooling flow (W.), leakage flow (WI), thrust at rated
power (TRP), compression pressure ratio (CfR), turbine pressure ratio (TPR), fan
pressure ratio (FPR), engine pfessure ratio (EPR), turbine clearance control (TCC),
fuet flow divided by Ps3 (WFQP3), compression tﬁmpérature ratio (CTR), variable
stator angle (VSV), variable bleed door position (VBV), vibration, oil consumption,

acceleration time, etc.

As used herein, the term “engine performance condition” refers to those conditions
under which the engine performance is evaluated. For the method of the present
invention, engine performance conditions typically relate to engine power levels (e.g.,
takeoff power, maximum continuous power, idle, partial power, special power

rsettings, etc.).




being evaluated in the test cell. As used herein, the term"anal yzer"
refers to the individual (or group of individuals) who argoe'\’/% U?Og)l ng the
performance of the gas turbine engine. As used herein, et

conputer” refers to a conputer system (or systens), typically a server
conputer(s) but also possibly a main frame conputer(s), that can be 7 5
Cct ober 2006 wused to store the prior engine data, can have software

resi di.ng t%%iﬁ?é&%efréiﬁ ﬁ@%ﬁ%"‘e‘ﬁ@n e rERMRANIPOreRRS 1P hdyClatl et B e&eaéd fe ¢ he
data, and ich 1s acce rom or in conmunication wth,. :

anal yzer viorklstedtto dive m&rmhmetcffsthe gad turbifs enginel bing evaiuatedueEKanpieS aﬁal yzer
wor kstation" refers ut e ot her el ectronic device
that is ndfi®i vﬁa@eﬁulswc ﬁ%}m@w gy 0, o p ¢ SpeiBe S %ﬂaﬂﬁ%st
conmput er. e r [

(i ndoor, o‘ﬁﬁ %dg%rggoéggﬁg%r%%gﬁ %ﬁﬁ{nhg°ég¢5 %{vl tdhegﬁglélzc cclﬁatEl %lgﬁl(%o ent
where the ‘éﬁgpnlmmm&emin;oée;ts&ﬁhst,etc.testl ng for t he purpose of evaluating its
performance. As used herein, the term"transnission” refers to any type of
transm ssi gn th% can _be carried out el ronical |

t b
wirel ess net Herdsheseine bailemn papgagme ﬁeé?fséggulwﬁf%to %Wefg'tﬂﬂt Ehﬂt éS ?ta%ﬂ] ssi ons
W thin theth?ﬁgfﬁﬁregte& R pREBS e bf*{h%fb%h gﬁbﬁ@%n%ﬂs b&f}% bl adaeyt EQA‘m?leya“ ety
tthods as

: renote electronic transm ssion ne , suc using Local or Wde
Ar ea Net wostkncpleAdine relitdilfadiasiecindd, e rane hetokhsiel] thrthwsebiuel:iasmgmrml%m ssi on

met hods, cable teleyision or wireless_ tel ecomuni cat i et wor k or any
other sui taBwErauEFkle) ERbpeEsiBR. el FraRperare (o), ﬁ‘é‘-‘i é?‘ﬁefqleﬁeng

ft '
| mt et | e (5 i3t sBqilioh OF Byl P AREITIREd %%%ﬁ%%ﬁé@mﬂége °
instal |l ed faﬂm\mdmpeﬁlpe:aﬁbnafegsubmsqmpﬁiem)rmiapﬁveaethé:m&wechi:ﬂthbeesmi:eﬂ eadi ng

t hose |nstruct|ons as a conputer or ot her conputer gran1reader
Sof t war e U&&# GvIPRent w&d B Blags of ptheresruingnent agrpall SORIG B BES Fh&fi“&@edﬁ as

wel | as bﬁgé e Aoy és“ﬁ&ag:ltnh/ q}ﬁcﬁ?% nt lgglgaggrwvm)e iilcP RAME! Sfex FAdROM

di sks, . S or any of surt non-volatile e ectronlc
st or age nedigimentonf t:mareﬁvm&eﬁaﬂtall mctbfnesmhemem taneeattiiep haroartria psosire
installed by downl Oﬁdl ndg ot her form of Ie transm,ssion. -
anid relative (Hum , statistical and c culation methods to generate or
analyze data, adjustment factors used to compensate for known variations in test cells

and equipment (CF).

As used herein, the term “current engine data” refers to engine data that is generated

and collected from the gas turbine engine that is currently being evaluated.

As used herein, the term “prior engine data” refers to engine data previously generated.
and collected from gas turbine engines that arc used as the reference point for
comparing the current engine data. The gas turbine engines from which this prior
engine data.aré collected are typically the same or similar to the gas turbine engine

being evaluated in the test cell.

As used herein, the term “analyzer” refers to the individual (or group of individuals)

. who are evaluating the perfonﬁance of the gas turbine engine.

- As used herein, the term “host computer” refers to a computer system (or systems),

- typically a server computer(s) but also possibly a main frame computer(s), that can be

-7~




As used herein, the term "conprising"” nmeans vari ous conponents,

capabilities and/or steps can be conjointly enployed in tgﬁﬁg)%?ﬁsﬁﬁg
i nvention. Accordingly, the term "conprising" enconpasses

restrictive ternms "consisting essentially of' and "consisting of" -g_5
Oct ober 2006 The nethod of the present invention can best be understood by
reference to the flowchart shown in FIG 1 which is indicated generally as

100. Referri o BHG .1 in §nitial step, 101, the first set qf .current
engi ne. dair Harcte St e oot <eBinpBl G e ek BF i of 1 he
gas turbi BempReHgEnd BthehQisé §8éceshl theeUab and WhivheisPACEdsil Fom, &RGhNe
performance paraneter under one engi ne performance condition. For exanple,

t he parti eetauniatomeithethe enalsing ovqrkstatine and the testeellengi ne eval uated in step
101 could be the exhaust gas tenperature (EGT) of the engine at a

particul ar,_power, settin t he .endgine,perfqrmnce copndition for exanpl e,
Phe engi neSaper dirsity 56 s onarid ey o SRR fo 0 Rrnleab bRy *For
t he pur pogg@epélebikddis H&atd iat & ABrHRL QL OF tidWalyREORARE miefsaB lab@Bs thehe |
remai ning steps 102 to 111 shown in FIG "1 will also be discussed with

ref er encehos cB@pugs the initial engine performance paraneter, with the
power |evel at which the engi ne operates being the engi ne perfornance

condi tion(s). wever, it shguld under st god .t hat d e_present
inventi ongﬁgl P%?Q{_‘B%Ifﬂéld tB?/ teFPoﬁEﬁaF‘%iF’ﬁ%gﬁsnfoF%& ﬂl“@‘gnﬁgé&%ppﬂdé’épt% ot her
engi ne pegdAbMBRGE tIRAARIEHR dsBddiated®buibMiht Whér¥ tBY @ﬁ%ﬁlﬁé dsibfeciidas 101
under engi ne performance conditions other than power Tevel. I'n step 101,

the firsttesng B thapuwpene ofwyrlnatinpitsparforgencsr at ed and col | ected by
evaluating the EGI of the engine at a takeoff power level, typically as a

single dahg nol il RoSLER «dRRish ObS B B oS HnCle Gtk Mo AR dat a i s

t hen conpar oarfirs prior “englne een_previously

col | ect edcaidd ganeslastemidallombothieed HetheisalwigdlésanmetHodd dredormbihtiinst 0
'takeoff  and .- i; as tnr me engines a a power i vCa ey 1Va u to u, a ao

“JYrc" aytheragfaTypigal dpstranisdransmissioms svidamibarscensrofitee pryssing HIVERliGReni ed out
by graphigal |l y. nl ot.t,i n rizontall y,acros i.e.. fr f right) the
i ndi vi duaﬁg\?g%l l?gso gfbyt%éf a%‘g r(éfﬁ{%néoﬁ%i%ﬁag&orgg%ag ang S]toﬁem%@?!(i)s? Sgl%%l&r"lg&dat a by
dat e col | aghgd.ocil srhwide Aeed Nesdrk ((QAGE by WIANG-bRGIIN Bnteret-based, or web-

based transmission methods, cable felevision or wireless telecommunications

networks, or any other suitable remote transmission method.

As used herein, the term “software” refers to any form of programmed machine-
readable language or instructions (e.g., object code) that, when, loaded or otherwise
- installed, provides operating instructions to a machine capable of reading those
instructions, such as a computer or other compuier program reader. Software useful in
the present invention can be stored or reside on, as well as be loaded or installed from,
~one or more floppy disks, CD ROM disks, hard disks or any other form of suitable
non-volatile electronic storage media. Software useful in the present invention can

also be installed by downloading or other form of remote transmission.

As used herein, the term “comprising” means various components, capabilities and/or
- steps can be conjointly employed in the present invention. Accordingly, the term
“comprising” encompasses the more restrictive terms “consisting essentially of” and

“consisting of.”




the left nost side of the plot and the |atest (npbst recent) data being on
the right nost side of the plot. As a result, the individ%lgl éagz;bs for the
current engine data will usually appear on the right most®SCH8 % he pi ot
(commonly referred to as a "run chart"). A statistical analysis is then
typically run on this data plot to determne the. center line of the data

pl ot, and what the statistical control Iimts (SCL) bel ow and above the
o Co_ 5 e BERaRoUe ERR TGN GhoGEteriachiddarb Tosbfinds 10 38 POV

engi ne- datfyvichait @hdvein LOFIR 1Wvkibh i inRateSGendrbea AT efér@ing APRIG.MEP" i n
step 102 is "No"), this typically reflects an engine having an acceptable
EGT per f orpidiak step 9 1s Hswhrst mels plepiriang cogingi dads fl nalgpnerated phé oplpaied f or t he

current engi.ne . data.is found to.be.outside the accept Limts (the answer
o+ Abor nERE e Bplafion 31 e b3 it e an BEIRCETM Bl b T Porikiln, [ha
the EGT Q:Bgﬁ@%eﬁﬁﬂimﬁﬁe bﬁraﬁié"teihﬁ@er&%%ﬂéﬁ@?ﬁrfhﬁﬁﬂﬂc@ condiffon. Fot ck@hpleed to an

engi ne faul Instead, "as shown by step 1 the EGT of the engine is
eval uat ed thepartieulpegngineepdriamenge pasamsternefi the wogids £¥adnaterd inpdepet0l eopdd s.  For

inplicit lotting, the EGT h ' i s typjcall | d at
Tust tao erthe PR ERupbpaare (T} oE RS FREE s depiiilar v fhe °
corr espon@nfie tRkRAhAnR OMiditi AN Sfor \WRhinfle! BR: SRS opQUEHg b PoweP Wl

correspond "to maximum continuous conditions. A second set of current
engi ne dateguivslege e takeeff (TAHAF)Y olFoe dhe gurpode iof itthgratiog rthameethod oftthe 105 to

d set of.pri ' data th ' I f ed d
ol oot ed HYPGHh BRREPIECHS URpiRats GBS d02( oL SHS o H1Gs db A aue: o evel s.
For exanplggsculddh Wil PRRIMAR D BeANaDBie GRtial ir%gg)d%)‘m%détﬁafdi‘&teﬂ Wanked val ues

generated at the take off power |evel (EGT versus the EGT val ues
gener at ed pawet hechaixwvhichhtoo atgineiopatps heing [they ehgiGEST fvvTRnce ondBER(s) i tt ed
line plot _can thep be tai ned by carryin t a regression.analysjs on the
ol ot t 6 adtaestt il e b Sndgslon) o6 melho Lol e fesbRietiod HRETHE Second
set of prigfwche@A008n38621 AR BeFlpHicd t\BiLeP e8HBYSeFornRREE pRRIRId Y fhaf I T T ed
line plot of EGI values generatéd at a maxi num continuous power (MCT)

| evel (y- axé Blitialtyr evaduEG iv atepe] ymlvereapind perfoampadeecanditiond KORY thawer

- level (x-axi S%B’t"é]: n FIG 2, the solid Ise represents the center |ine

(regressi &MN© ned for the plot; the dotted-dashed Iine represent the
95% prediction level (95% Pl) of the plot.)

In step 101, the first set of current engine data is generated and collected by evaluating
the EGT of the engine at a takeoff power level, typically as a single data point. In step
102, this first set of current engine data is then compared to a first set of prior engine
data that has been previously collected and generated from other EGT evaluations of
gas turbine engines at a power level equivalent to takeoff, and is typically a plurality
‘data points. This comparison is typically carried out by graphicaily ‘plotting.
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 tjfpically run on this data plot to determine the.
center Iine‘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., 2o above or

9-




The differences (residuals) for each of the data points of the current and
prior engine data fromthe EGI fitted line plot (i.e., E Q®8é above
or below the center Iine) are then typically plotted hor| 8 Cross
as individual data points. The earliest (older) data point or observati on
Is typically on the left nost side of the plot with the |atest (nost
recent) data point or observation being on the right nost side of the plot;

again, . t Ngelal Geoiiie). | A'thd DG Y6F BRIcRR O{l-f'gerﬁagﬁ 1 bl 35 BE i RREAT ON

the rlght nost eof t ori zontai reafter erre 0 as the
"resi dual SEG(ths aztsttv):r toSebnbirhal 7 ﬂﬂ;ﬂelﬁl(@tsOW) K Gypu?all\yoheﬂdsctﬁimm@e

r epr esent eﬁtlve hori zontal line plot of the differences (residuals) in EGI
val ues (yhavipg pn aeseaiahlsdEGF ppsternrance.tas shown festen 493 dingmedlommalkr sus t he
particul ar observation nunber (x axis). If the EGT fitted Iine plot and

the trendyphe %ﬁerfﬁﬁth?%ﬁhexﬁ%ﬁ Q%atzﬁisgg dll-)e,“?&’&t?‘ng Sﬂ?ee dobintedl Hofi “5' ng

established criteria (the ans

t h| s nay baswr tb fidbnatial?y e Imaetsf“aaek’t), ﬂﬁt@oatsedt hébes:ta@pyﬂr&anltl&twlw eI at ed
: engi ne erfor mance, .for exanple problemin test cell, how the data
| s neasur & Topt t'aearu‘%atneat%auw@ﬁ\ﬁcrs@mﬁ@ﬁtlamt% e, otsgelaéqﬁgtmén swgpiel faplf, etc.

As sh
then r echiiad R shhn b 3fp 18ERUERSEBE ficgnflle Lo ERIATh ARGl g™ @
col | ect edat hystawbeliffesg piaves ensty. SForIs’m L&y dmemh@ememhoflﬁ@eﬁg@t@ i's.

‘then eval yat ed ias In steps 104 and 105) to see if EGT fitted line plot
and the t Fsipicefy evabuatedt gshrveditiosem poserlevels afprermemle, aoe poweyleark sti | |

found to oAt Bieiglnd®l BRURPLoALHSE: iR SHELHE! bl S, FEREHES, 02 o

(the answer sag 1STS airly

certain i adivaginen cotituotheonditeonlst A‘iﬁédaﬁﬂ@ét dfftusiefPenbild dfa Qgendiitel ated to
engi ne perfornmance, as shown in step 108 (Nonengine fault). An evaluation

can then B eolieried and i themcorapasedrimuephah tofargsco gfmortqm@QeMaga tﬂ’l@‘i”lengl ne
related f ﬁég IB ehﬁare%)r%ta% yh%énterate%edanc@?gcfl%ctea ﬁo% uﬁlﬁ Eéﬁy Bie0 a?ir gsn %% the gebEGlTn

fitted Iine Fen eresid oun

agr eenent dﬁ&mg p@%ﬁlﬂvt—:ﬁh fbr Gikhingle, #hi® cbMParidonl dahdel dardéd a:ttt 157 Prooﬁ’fgec ki ng
the data (the answer "Abnormal ?" in step 105 or 107 is " this may

~or may nottepll Eﬁ’al‘teﬁ@%f‘éf%ﬂe@ﬁt theatieke & ﬁﬂa’iﬁftle‘tfét(E@tTeﬂKpﬁ) FeEys I]@‘QEG; rel at ed
L0, o] BERISE . LASh B5pPRNL 5 B AR

fitted line plot can then be obtained by carmng 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 povtzer (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 ling) 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
Tatest (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 (hereafier referred to as the “residual EGT plot”). See FIG.

. -10-




ot her engi ne performance paraneters (e.g., SFC, IN, N, EAF, etc.) under one
or nore conditions (e.g., one or nore power levels). A third iet Oﬁ%
current engine data is generated and collected and then c &d step
110 to-a third set of prior engine data that has been previously generated
and col |l ected fromother evaluations involving the sanme engine performance
paranmeters and conditions. This conparison of the third set of current to

pri or engiy t I LY ves ating nulbti fitted.]ine.and

Fesi dual o ShPod BuSBieothRORtRRnGl Hk o b iditfepdch il at ™

obt ai n t heE@ESValutd (yi£ds) dbtgingd ebmad el P1otESFTFIN. Ot verfisShe Bartitidr and

105. If the trends of the various -11 5 October 2006 fitted |ine and
trend pl otobsqreafipnyymiep (k-axishck of agreenent according to established
criteria (the answer to "Abnormal ?" in step 110 is "Yes"), this is a fairly

certain irpgli ; t aul cted.in 02 is one . unrelated to
engi ne perI f%?%‘}nqt:gﬁe& i(?@ée%log%éép%%@%? g%g “evy %Fﬁ)ﬁglgiﬁretfﬂ%cpﬁcg t%ﬁ?m ed out
to deter mapeeidad utifg ablichdd crilhie @Nangide’ eABh&thdauld siep 165 the cause
I S not alreadg apparent. |If the trends of the wvarious fitted |Iine and

resi dual tMé#a Biomsy therrn idipation thas tha fadicdadeatechin stop 102 tiaihicddteditecri teri a

the 12" in step 110 is "No"), .thi.s i fairl t ai

ot onrphEpef AT Fr sl chipiohlest By iciGesty boGiBe Hinds affatsteng e

per f or manegiculateds bevnntn GRctds] efERY isf&%il??,t’éht&) -Aﬁ@h&mlw%li nOfhEC e then be
au

carri-ed.- out to determ ne what the cause o0 IS engine.f s (1.e., if
it not al measyremprtanesd tp collpgrtherngint dataiafe thhe rEgiedTsyshat dyselecmey mal |

t he defect is likely.-to.be, engin rel.ated. Conversely, if the EGT
plots are®Hornar,® {iﬁger%fsgﬁﬁa@scqﬁeﬁtgﬁspyt %'gﬁreeng}ﬁ‘? é?‘é?f’éd ll[rbsieﬁew?ﬁ %e but
coul d be k&@hadied dath fsNBerBEIBREES "M RALIIOMIS VS F seVif EGFV@&MHMGP have

to be evaluated to rule out the other possible nonengine related faults.
‘The pr esentotipnd thettrand of dke tesiduak EGEpletraie isagesndy. Itthey erecwillt oundie

fl owmchart neral ly indicated as st 200 .in F . 4 .and t hat

i |l ustrat ggpge s’ﬁe%?%? ergn%?‘_s -B‘fai‘éa%ﬂagptﬂﬁﬁ-ﬁ?‘i&?@%ﬁqgﬂ%@ Oﬁ%raé‘s‘f"ﬁet"f aul t
detected abhGERl®iRtkid 16NH BOUREVEINTRRC & a Alirly RRWR fnlicaliGP 1P the @ first
set of SFC eqr:geltne Eerformance data i s generated and collected for the

current effl in gomll0ats one anrelated tgbnginopenfornmemet, st dhiosaf i)stepAs Sl i o
\é\(; Rpi'ipe(?t g@S ﬁ[%gnzehgltng%a&llt)t Shn Sé%%luggioncgarn &Qrtl be %le out to de {'n%%edv?]:tia% 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 parémeters (e.g., SFC, FN, N,, 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
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hori zontal line plot (SFC trend) as before. In this instance, the SFC trend
pl ot shows that the SFC value for the current engine data ios Og?ut%{Q e SCL
(the answer to "Abnormal ?" is "Yes"). As shown in step 203°0%9Ps for
the engine is then evaluated at two different power |levels (take off and
maxi mum conti nuous) with a second set of current engine data being
generated and coll ected, and then conpared to the second set of prior

engi ne dat guaBLRCAR SeddpRBNehd td TAKH allﬁéif?féﬁéﬁrﬁ‘é}g ag?(%&%gﬂ&‘ %#_t&bl%?d pl ot.

See FIG 6 which shows a representative I ne va' ues
gener at ed @tteria (thkensier pofiabndrensd?” {nTHEF)1 106k SUesSEChivdl uehirjepatdahed at a

maxi mum contj nuou Qwe evel (MCT). See also FIG 7 which shows a -12 5
Cct ober 208 lcaﬁl‘abﬁeg g}ﬁéﬁt@@wﬁf@ﬁﬂ%é dA92/ip gre ypeslated to ensing parfregnes

i dual Sked T - axi ht ai f t
1 red 11 necpfir Top! eVl cnflne b sifred o ' REp B BRI (i o ©
(x-axis). thénokdn@inetelatdiefanhlis if the csuse @piictHRhdy ifiar@enifhe tref® of the

(regression), obtfai ne%@éor the plot; the dotted |lines represent the 95%
conf i dence’aigye| LItk and gesidugh timgdt plofsh dendoshew - apaedmeant | donerdinge o esent

t he 95% predigiy %.. Pl pl Ot . .S Lh step.204, the
SFC fitt edé§ %‘bﬁ%ﬂe%fbgi{t&iaﬁ %%Z T g%dA%%o%ﬁag?r&?tﬁﬁéﬁﬁgggﬂobm gr%Paf"‘c?%nd to
agree. Acaertdionfidication aowhe ifiulstdpecBA5in tshy IHL B odd18c1fIRY| 1€ ehine

eval uated re| ative to _ another perfor rranceuﬁar aneter (in this case the EGI)

to provi dderighranse, spofhewn ipstap 111{EngingFeulsran evalEaion sandberabecartepar ed t o

the SFC tr . [ 8 9. whi-ch, show representative fitted

li ne pl ot so%lg?o @‘%5%&?/13? %gﬁ glg%?saetoefgﬁg SPER° tf%lLﬂ'élsgf'?" t Tﬁ@)ﬁrﬁﬁ A HIm

cont i nuougiof MZApROEthd SFEVBGY efl6t SarEGbrmARrtaé efdPR) 1ika U8 e éﬁ%]m_?' Gs. 7
and 8, the solid line represents the center |ine éiregresm on) obtained for

the plot; Telaeddotenrpralned the SHELBGT plats 98oaonl.i tentsect dv dikely(®5b6 Cl )  of

th | ot ; < . i.n epresent .1 he 95% digction |level (95%
by bt Ot R b Ghe SRghE . SR ECRIGSEM O SRIBraRT anbitkh sileg,
hor i zont alwhittneould thérshdve tb be editiited RNERSodeSHEMAIcEiblchoRbziddfda@! ues
and SFC MCT val ues at EGT MAR obtained fromthe fitted line plots of FIGS.

8 and 9, rf@él'ﬁectively. As shown in “~step 206, the EGI data is found to not
support the SFC trend plot. Accordingly, as shown in step 207, two ot her

Qngi ne Peﬁfherﬂ&ﬁlﬁﬁ MILAR! 645 teCRBNAE JhlEM&od®Df L&nce 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 fhcn
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 gencrated at a

maximum continuous power level (MCT). See also FIG. 7 which shows a
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speed) of the engine are evaluated to obtain a fitted line plot (Thrust v.
Fan Speed that is conpared to the SFC trend plot. As Showg(ik/? St%%ﬁ 208,
the fitted line plot Thrust v. Fan Speed is found to agred QPR {HKE sFc
trend plot. Accordingly, as shown in step 209 anot her engi ne performance
paranmeter (engine airflow) of the engine is evaluated relative to engine
thrust to obtain a fitted line plot (Airflowv. Thrust) that is conpared

to the SF . . 210 he .fi.lt.e i ot, Airflow
v Thr asrenre SRRt iz S MY JF B rade WESRIBRRIC IR Hinii ' o
shown in at 8BC MCT, (yldy®) ShGireti fdie tRNGitetElineSpleV ¥ RIS, 0 cfbk Mhd YetidrRarf an
speed to obtain a fitted line plot (Fuel Flow v. Fan Speed) that is

conpar ed ©BsEHEiogRmumbesa-g3int . (ITHIE. £, |thewsolid iag uepressmisothef eanter dinesunpt i on

i ndepend f .t t. 13 006 As sh i, st 12, the fitted
e ol ot Ceafpsipdfidined-&3 o 5k WBE pfif s Sorfrab e iod cofikardefong | °
plot. Accoesh, tuh ¥f teplahewoted-ahdied 3ikes fe‘f:?(%%lﬁltﬁ% Qﬁ%fﬁraﬁcﬁ&?!evéll (9%, of the

engine is evaluated relative to the EGI t0 obtain a fitted line plot (Fuel
Flow v. EBmftheplot)s conpared to the SFC trend. plot. As shown in step
214, the fitted line plot Fuel Flowv. EGI is found not to agree wth the

SFC trend 4l Thi ggst at ..t he. fau det ect I n. st 02 is
‘unrel ated ‘At%osgéwailﬁng%B ?rﬁg b&‘ﬁt—?ﬁ: gehnié hﬁe P g’é fﬂ]‘{l ?heatﬁ?% %f(setgg ﬁ%‘\’/ﬂ?ﬂafﬁf‘étpi?} 215,
the SFC dafeafdusid @y gl eflcédliimbiyy Qs tsBowhan Iep 208, UaE BB of Bt Qfpind RF each’
of the test cells used to generate the data to obtain a fitted1ine plot
(SFC v. srinated eelgtivetio enotheremyamance paratheterSiCtis cand thd BOT) fspoilen i n

o oo i 1 A ok ited i Biot (PSR S aihiaronanit Pl Sidohend Bt s *°
rel ated t geaFI®. B 28ROGHKiLKE siRivPR! nﬁﬁv@hﬁwlﬂl@plofst(ﬁﬁsﬁlhu%@heﬂaﬁeat cell

I s checked. As shown in steag 218, a cell specific problem ating to the
SFC adj useherekes atft KGR afidsopyiend doptinwoysa™MCThipawet dselsceirius BEE FI Gs.

12 and 13 _whi.c r.epre ive horizontal 1ine plots of SFC TKOF and
sre T DS DEORY VR CORH . Yot B GoRd dine TopRAIN 48 ¢l bl em s
shown in geRssiGDbidiRRl RPRONLE; 36 dGORNGRE SeprtRnt LD seA cSliRlentedead] ust ment
factor for the particular test cell. FIG 14p shows an enbodi ment of a
conput er i &5&e EFkefcthe iphoti thedededydasbed lings meregad the H¥%eipmplicirenievel93%e net hod

of t he pr ﬁﬁeor}'tthcie Bié)%?t ée%ndlsoeﬁﬂ%? I18 la'n& 1‘?"‘%‘311 tslti'cew thpsféseggﬁlve ih(s)rizontal line
L .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. Accotdingly, as
shown in step 207, two other engine perfomiance 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
evalugted relative to engiﬂe 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 stepr
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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renote fromthe anal yzer perform ng the evaluation of the engine in the
test cell. System 310 includes a host conputer, typically_.in &h formof a
server or main frame conputer (or rnultiple servers or i n e Wgnpgnputers
depending on the type and nunber of host conputers involved) indicated
generally as 312, as well as an analyzer workstation used by the analyzer

I ndi cated generally as 314. Wrkstation 314 is shown as comuni cating with

can use | Arerpa BT 817 be 4t IRk AR it o en S5eR 8 o Rvatdieon o

ot her cablyittk\WPtkEeR pl6abAScIrdiikRdasShs AR ste?rglﬁ“(%%lﬁé.sﬁ) the fuel flo :
t el ecommuni cati ons net wor k-based tfansm ssi on t hods, Local or W‘c?re Ar ea

Net wor k  ( loAheosngingNy etalvatdd relatientodhd BGTrietobtaits a fitted diny plutt (iBuel Flowt abl e
renote tr L, ssion nmethod th |s wred, wreless or a .cqonbination

t her eof . n?_thﬁtt ﬁscﬁ‘?mpai‘fziiot? @%ﬁ%ﬂew t §§A§£1€‘§H 1 gteg )4y ﬂ@tfgﬁ%‘flme_ _

el ectroni ‘in&qxﬂep?ﬁmsupﬁmsif?ﬂﬁﬁmal @%ﬁpﬁle@qﬂpa T Flot.pq“ﬁﬁ%?%eg lgital.

assi stant "(PDA), a portable [aptop conputer, a mpitot, a ce ar or
ot her por tthdsitee fahbbdeteced it bepl20R és uAkbitedito chgide derfornsysd. eAs 3 tultsaridhe t est

cell for evaJuating t s turpine engine that is indicated generally as
320 and i gsgﬁ%%ma elbgﬁrgg‘é §h§é@f%’é eypluated gelativerte the SEC aéﬂﬁﬁﬂ?ﬂ%@%‘?fons

pat hway i gghi - ' oAt t 6,
Doy cat o S MERS Uiyl iderds 1R GAITSHARL A0 ARG on

met hods, &% €altglikatiis compmet worlie SFC wend bks.s AlsesheearimstipCHib] tasfitted

net wor k- based. t sm _Ssi net hods, Local or Wde Area Network (LAN or

WAN) - base etﬂlﬂ’}né[%? Is |S§:r¢ ﬁ!g}qqugl,so dpunghip Bethiorasses valh) the SFfptrend plohsni ssi on
met hod t hafpdeSti\4 | i op.; h._not
shown, testggggtlnxfg %%gthga%h{t?gﬁ gqéfaa%gqggrsb%@isgg%ggﬁtﬁﬁ o gﬁg%}%ﬁ% ai n
frame conpiebell’, paststeantelt és kiiceRed: oip i@ in peptHI8| @ deflpdpegific Ppble@r or the
i ke that allows he.col |l ection and processing_of data generated

or .
during t héﬁm tqdbs §ﬁ&(ﬂdllfsﬁ€e@rf§‘ftﬂfels dijogvered; fyrpegarticrdar togh crlbtSeeiFdEs-314  and
test cell 13284 R&Hi -ocat i A cations
relatively . renot eﬁ%%r o%ogggeﬁ)?%tgﬁ%é& ﬁéﬁzgﬁg%\gﬁiﬁﬁﬁgf %? S%z?j ﬁ(h(g{ %ﬁ gir:eengi ne
dat a geneMCT yaluasliveranseSF @€ aB2 forchateoiecetitthiteds ¢t probleerASdhdvwaringap be’
stored on 49 her conputerized systemin _conmunication wth .
219, the appropriate change(s) is made 1n 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 318 includes a host computer, typically in the form of a seiver or main frame
computer (qr 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 communiéations pathway indicatéd
generally as 316 that can use Internct or web-based transmission methods, cable
teievision 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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transmtti

server 312, workstation 314 and/or test cell 320. Server 312 typically has
software indicated generally as 328 that resides thereon ggf ﬁpni %Is
access to prior engine data 326, and in particular is cap cEoos} 49 ovi di ng
the ability to communicate with workstation 314 and test cell 320 and to
process data transmitted fromat |east one of workstation 314 and test

cell 320 generated during the evaluation of the engine in test cell 320.

Wor kst at i 314 also. typically has software indicated generally as 332
resi di ng ?ﬂé’r ‘éadh%? ﬁayarr%‘f @& releetiomig devigss Bichemswp sl@l‘sﬁ@@lng‘tsktﬂ@l CURPWEK, C

comuni CatdeadbnalBbNA SR Wk PhHAY] ; rvel (:3} nd te Eyce | . 320, and |
in parti cuq ar is %%ae%ablle o:‘t bt%l)’an n!’\?a'})?? lﬁgﬁ’&ﬁ%gnp |ent?aﬁa§1nr%ﬁ) rqcoehl%aﬁafne dat a
326 r esi diatgergortsblepbond bPjhelldeween at |, | east the workstation 314 and
server 312 (and potentially test cell 320 .as well), so that the analyzer

can ‘perfor‘{rﬂﬁt he eval.uation fét e engine in test cell 320 according to the
met hod of ‘K2 M§tuded ip systrm 10 isihe tesiqelldar evabpting dhe gasdurbinspaginedhatasnput er

and -15 §, 20 ' [ I ave so re
i ndi cat ed ‘g{gﬁéetre{gl y as ﬁ?@gé%dg:magggwta%g?%%pt%ﬁ“%ﬁe e THY % goh t hat
i nt er f acesomimnicions pathwhg indieited gemeplllpcisrazal dLike epmMUntAlibR pARkMEEN t est
cel |- 320, 3ﬁ rver 312 gnd workstation 314, and in particular i's capable of
(é’ AP GHPRS Patheay| 33b vap ouser Interast of eweolebagd 2trgnsmdssion

pot ent i al leoiRikshk | @AY nedB VSl wRSILETSLYLAG,A0d br ocesing data from

wor kstation 314, so t e analyzer can p

engi ne i nttaesghissior| mefidds,adwosldiongWide t AteaTBIRREAOT(I I R SFANY)-HaBMENL i ON.
The present invention can also be provided in the form of downl'oadable or
ot her wi se TARFTRISSPR Asithods optapy other Fuitableremnde treeunission yethed tBatds vared, i n

arti cul ak;;Rse : ' ' rver, software onent, 328 (used
\IC/)\A'thI sgrver 313%6?%0%8{%%2 ;}fz?%?oqfso m%len\é’gﬁ%%‘ﬁ%’n%ﬁggméﬁ iglp Or‘(

wor kst at i be Bidiatadidviter sastr, eahih 906t VRARIHEOTREMMAL d33Gof USBHuM:L N t est
cell 320 and/qr its associated conputer devices). This software, as well
as the vaPPle Lptemermreeneothedike, thatalloses for dhe endlection and pucessimgofyi t h a

R T e T
printed oand Gecal 3200 tetiedhicsale Pagin, of Babbdd differBRAScBAYAativdly t he
| ocation where _the oftware is | ocated for renote downl oadi ng or
i nst al | at F81Pte &ogt (?acg off-ver - based web
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 a.t 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 sofiware 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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site), on or inside the packaging in which the software is provided or

sold, and/or on the electronic nedia (e.g., floppy disk ot i sk)
fromwhich the software is |oaded or installed, or any otﬁéﬁﬁgg§¥%gle

met hod for providing instructions on howto |oad, install and/or use the
software. While specific enbodi nents of the method, system and software of
the present invention have been described, it will be apparent to those

skilled in the art  that vari oiz modi fications thereto can be made w thout
departi ng ?I?W’{%Qe‘é‘ﬁ?ssictanaﬂﬁp B eoftyare Hhigateds gereraliy ent33dnassecigiedi ned i n

the appendgg..Ghi &5 resi 0 ; : et hod. for eval uating
whet her faul tes det ef:thIe d%e%%l tﬁ}eﬁ% Lﬁgs ?er?g 0 IY)? %tjiig&i?eupgﬁ’ﬂ%s 5}[%&3 Care
rel ated t ccoangamieatipar bamwam dest peadbI3e0F safvet G101 Aldl kil 31£dand Qnengi ne

performance, .the nmethod conprising the steps of: (A) conparing a first set

of curr entPa8HHAds ganahlerqd tansmitting data fogm st eell 320ty aideatservend 1 ofad
per f or man Qﬂ]ﬁ - 1h ngj.n nder one. performnce condition to
determ ne(if:':)rt t gfg&?fsksgﬁogbﬁ%) hagéh ?”‘9"?"‘ (aé) TGep! %ﬂoﬁ?&?’?sﬂg |Cg‘%d Bt ed
af ter conpeorkstgliérh®14,isb shatské aiHlyLee ki PérfordD fHeNSaRiaticn bPtHeh@iplieriatiestet of
prior engi nﬁ 3dat a, conparing a second set of current engine data to a

f

second setcB32Bprenrdiag ée the nathed elbthe aresentdawantiono di f f erent per f or mance
conditions to determne if there is an abnormality; (C) after conparing

t he secon t ' he. secand et, .qf pri.or engi ne
data ¢ o derern eat EHERER caR Rl Sk Bol i nioRE 5 Witk s RV s
det ect ed, imsallabiet isoffwidecttiaercabhbe WwedomNBYdtdd 3B, dadd@wh tpadhbithahednt 0 the
performance of the engine; (2) if an abnormality is not detected,

conpar i ng “amOHatign <ef; thet seryary safhvare epmmongalr 328 dusedt withd sgeer 81 2)prthor
Ceast ondratRr ke Wohpdft L (o BIVRR, RERNPRord PRCIR & wafer =
' software component 336 (used with test cell 320 and/or its associated computer
.devices). This software, as well as the various software components, can be provided
or associated 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 ¢lect1¢_onic media (¢.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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abnormality. 2. The nethod of claim21 which conprises the further step of:
(D) after conparing the third set of current engine data tqQ the third set
of prior engine data to determine if there is an abnornal istqf.t"bfrl%ooﬁf an
abnormality is detected, evaluating whether the abnormality is a fault
unrelated to the performance of the engine; (2) if an abnormality is not
det ect ed,CeMaMmt i ng whether the abnormality detected in step (B) is a
fault related to 17 5 October 2006 perfornmance of the engine. 3. The

met hod of claim 2 wherein the one engine performance paranmeter in step (A)

i s exhaust gas,tenperature, specific fuel consu i.on,. conpressor rotor
speed, fa rot%tmegﬁ%cieg‘?r SR ga‘?’#etﬁ?foﬁ%)?“%@?}F?tﬁgpdglrlﬁﬁl,%&éEag £ 83| eakage
flow  tNittike lgih@hR4cRANEo erfpRIBPEHIARCEHRPRME! Rl drBblehtdiid5ielr eSsure
ratio, fan pressure ratio, engline pressure ratlio, turbine clearance
control, toenpmegpsiformancenthermethod comprising vlar stefid @ st at or angl e, vari abl e

. bl eed door position, vibrati oil . consunptjon_or acceleratiqgn tine. 4.

The net hod of S(Ié‘bai FORPRREE & Arstnset g ceuskegt FBEFEr 4258 Harfc ETPCRREREIT duri ng
step (A) 18 exhausle,gng dRIPSS Bd!hE1HnaAPE hidnferlt6t aLMMMPLARP ong:  ThE
met hod of claim 2 grein the engi ne performance condition 1S an engine

power |evel. 6. A npetfoadafacondiionabidegrwiirtiféieré auld sondahglétyed during the
testing of anggs t.ur bi ne engf_i ne are related to engi ne perfornmance problens
nr

or to proble of an ahnonsliby ¢s detepfed rierrapmparing tharErsh sat eomBFInti ng t he

steps of: (A) eval j r n araneter of the engine under one
per formance condi tiléggfnt@;%ag%ﬁoe&%%r%gg%o?fesqrpoge@gg*e cizﬁ ’r‘_éoﬁ‘?l’aéw& %6685?51; (B)
conparing the firsieset ctert WhERRBIABNE §ResbMdosct Of Ppriok lehfins /latedforRit i O

engi ne data for the one perfornmance condition of the one perfornmance

paranmeter to det er Atasetwe differens pesfoamandenemditionsyto;determine if there is an

abnormality;

(C)  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;

(2)  if an abnormality is not detected, comparing a third set of
current engine data to a third set of prior engine data for at
least one other engine performance parameter under at least
one performance condition to determine if there is an
abnormality.

2. The method of claim 1 which comprises the further step of:
(D)  after comparing the third set of current engine data to the third 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;

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

-17-




(C© if an abnormality is detected after conparing the first set of current
engine data to the first set of prior engine data, evaluati he e
performance paraneter under at |east two different perfornﬁﬁgg’ © %ﬁgitions
to generate a second set of current engine data ; (D) conparing the second
set of current engine dajeafotmaacessHthedngiat. of prior engine data for the at
| east two, different performance conditjions of, the gone performance

par amet er3-t o deteristhnd of clapa e wheream, the BRe cREIMPIRPrIoTMANGE PERAMSERJEr i ng t he

second s / | t 0 . of | pe data
to deter %tt??gt‘ﬁ: l]l% E%ng%aﬁ%é%g%@rﬁéﬁp{%}ﬁcﬁgl ?&Sgﬁlﬁgg{r?\’o? rra]lluf%% Sf?iqg{ et ected,
eval uat i ngevd)efaleotdrheecdbagsin@kirt flows caolim flowy leddatfied, tekhpe fleer,f or mance

of the -18 5 Cctober 2006 engine ; (2) if an abnormality is pot detected,
eval uat i rijrusheat orpéed POWcHr FOMPECSPAR apissere rigfigs itydineo pessitasitiopni@not her

[ f der. at, | t f Ry t
Goner at e e daGE, RBRRET pRissife Rlioner RS oRRRpBE crlPPnEomRESTh: et °
of curr e%m?e@hae 1886, avdrRbR dthtof dngle! vaiabdE biled RALIpBSitiFAL Abtiont BR at

| east one ot her engine performance paraneter under at |east one
per f or marrosswupiden poacceigratmndmmé.ne if there is an abnormality ; (G after

' th hird f ngi data to the third set '
enor ne. ok a o RS 8T 4l d, BOPEHa NG (e, FRine pororyance BHemBits: mal 1t y

|'s det ectqpdina @y i @ﬂldﬂ@@#ﬁgém%&)‘ﬁtﬁrf@%ﬁﬁ&?ﬁé fukl bénsBmipfidh! unrel ated to

t he perfornmance of ‘the englne; abnormali1ty I's not detected,
eval uati rig whéheemethve ofibladmn?lwhereiethecemging pesfoapanc€) comlitdorf asilah rel at ed
to perf %rngﬁlré(i)eo“%‘r lévQ: : engi ne.

6. A method 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 method comprising the steps of:

- (A) evaluating one performance parameter of the engine under one
performance condition to generate a first set of current engine data;

(B) 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 ;

(C)  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’;

(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; |

(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

- -18-




7. The nethod of claim6, wherein the one engine perfornmance paraneter in
step (A) is exhaust gas tenperature, specific fuel consunption g@ggressor
rotor speed, fan rotor speed, engine air flow, cooling fl \HCtOE?F’ flow,
| eakage flow, thrust at rated power, conpression pressure ratio, turbine
pressure ratio, fan pressure ratio, engine pressure ration, turbine
cl earance control, conpression tenperature ratio, variable stator angle,
. .CREIN . . . . .
variabl e bl eed door posi ft _oﬁ,’ vibration, oil consunption or acceleration
time. 8. The methoq2pf 6f @i gbnoM@ligi Nst A8t ONGeROY! RGaREHALT MRNGRe
paranmeter during step (A) is exhaust gas tenperature or specific fuel
consunption. 9. The net perfovhandeaparametenirelagiva to et leagyi o pihef engmace

condition is an engi ne r level. 10. The methaod of claim®6, wherein
step (B) conprises the é’?ﬁé@%‘%ﬁ pageei iisE  abdgest One  pEEPEmaTge

i ndi vi dual val ues for t [ . Lrst prior

engi ne data in order of Iag%érh:uiﬁgg? g%&ge{rgt@gagﬂ}ggt eﬁ??@%@g%%é col l ected
to provide a dbl a pbupariagthe Hird ssinifryrens tagins dhmato afdtd sétofgidrhe dat a
- plot to determne the center, line of the data plot and the statistical
control linmits bel GRERAAEHEFdhe ghicastane pther saging perfprmanes pes@mstercl ai m
10, wherein step ( ] t | | . val ue of the
second set of currela}ﬁ?&g%gé%s;f?%lre %ﬁ%ﬁgg%a?%ndltg@ %Oﬁg&%%hm@r% 1?2@%? lggflati ve to
each val ue of the abmmndlise; of current and prior engine data at a second
power |evel to provide a second data plot; (2) carrying out a regression
~anal ysi s on t K8) seaBefacappaiing e thisd seft off qureent ergine datajtndhe grird $sé ofecond

data plot and to oht.ain.the.difference abgve . or bel ow.the center |ine of
the second data pl %13#%}glg%g%a&%ﬁatgngwetlﬁﬁwmslé@ﬂ nrpalyy: current and prior
engi ne data pl Otteggl N itheans eApRemaRk2 is phekbteande\fa%)atm:got&haﬂeﬁ e

differences obtained for each value of the second set o
_ abnormality is a fault unrelated to the performance of the

engine;
(2) if an abnormality is not detected, evaluating whether the
abnormality detected in step (C) is a fault related to
performance of the engine .
7. The method of claim 6, wherein the one engine performance parameter in
step (A) 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.
8. The method of claim 7, wherein the one engine performance parameter
during step (A) is exhaust gas temperature or specific fuel consumption.
9. The method of claim 7, wherein the engine performance condition is an
engine power level,

10.  The method of claim 6, wherein step (B) comprises the steps of:
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current and prior engine data in order fromearliest date collected to

| atest date collected. 12. The nethod of claim 1l, wherein_step ( 1) in

claiml1 conprises the steps of (i) selecting a different é&?&’ﬁ’

current engine data and a different second set of prior engine data; (| i)
conparing the different second set of current engine data to the different

second set of io mame, i.f there. is;,_an narnality;
and (iii) aft ?j’co (gtfilﬁ%n&%lﬁ%hgl #afcfere {hefn ISt eBglns&P%eq{]tdatB?@fﬁg dat a
to the different wr&xg&&t det B bRler Qﬁrgéaﬂﬁes(dada@e coBectéd t@ﬂat%@t”@ﬁtgm ity is
still detected, evaluating whether the abnormality is a fault unrelated to

t he perfornmance of cpHectedhiy P@que@datﬂpbzﬁ, adnormal ity is not detected, -20
5 Cctober 200 proceedi n 0.Ste A co terized s stem f or

eval uati ng whgg)ner r'flérﬂflg? fsélg?leéﬁ]a&(ﬁ)lﬁ %ﬁlen tatpg& rf&t%ml%[@ é"&scepfﬁrbi ne
engine are 1 el at ed 1ie of ik dfa pTAUTRO SEH AP LSPol HmiO belBORI By LT ol at ed

to engi ne performance, the system conprising: (A conputer; (B) an
anal yzer workstati qu:emtﬁ:rdmwnl cation with the host corrputer (O a test

cell for carrying out._t Iua n of the engine and in _conmuni cation
vvith'thel‘liost)fé‘Sﬁlb‘i]t’] gf‘f" FE‘?‘@%{W SRBRse e #eRt e onmput er f or
controlling access to pr| or engi ne data, for permtting electronic
comuni cation with the analyzer workstation and the test cell, and for

processi ng da(B fr phottihg chatasdluooftinfsethind snalf\cneient\@ikptict ¢r@%@mﬁat he test
cell; (E) software residing on the analyzer workstation for permtting
el ectroni ¢ comuni 8aPROROWER lsxelrelativerta gack wplue affibe prsond sehpfigwrent and t he

anal yzer wor kst at | Qﬁ'rll ?}2@{ ek nl?s(?ﬂ{? %%t éecgn&j %E)\?velb GV % p%wde %agetco;[lg' e host

conputer and the ana
data plot;

(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.

12, The method of claim 11, wherein step (E)(1) in claim 1 comprises the steps
of:

(i} selecting a different second set of current engine data and a different
second set of prior engine data;

(i)  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,
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(F) software associated wwth the test cell for permtting electronic
communi cati on between the test cell, the host conputer and the analyzer
workstation and for transmtting data fromthe test cell t@&Qgtober2096t the
host conputer; (G the system being capable of allow ng the anal yzer to:
(1) conpare a first set of current engine data to a first set of prior

engi ne data for on r.for mance rameter of the engine under one
per f or mance conditi%@ge{e{i)ﬁgre{?sfeﬁi(ﬁ if there is an abnormality; (2) if an

abnor mal 1By | %\ deipeiciiedlsySent WSl ¥ hbihes Falifl dQEcted WykB! theNai Ne
data to the first set of prior engine data, conpare a second set of
current &spgeofoneas twbinesengimd asetelatbd tprangmeepgyformaded prébdematorteast two
di fferent roongrforma e conditioE%[r}o deberm’ ne if there is an abnormality;
(3) afteP ¢ ?'}B%PPWSB P CEIHFT IR MagES, dBF SYSem SABPHENGat a to the -21 5

Cct ober 2006 (AR) hfhogicobneéel ity is detected, evaluate whether the
abnornmality is a fault unrelafed to the performance of the engine; (b) if
an abnor nmal i t {B} s noanayracraitstatomprac@nmunivation séth thé hostwongiiterengi ne dat a
. to athird se; of prjor engine data for_at |east one other engine

~ performance pSrhmeeicst ﬁﬁléleéoraﬁa“lyé%%touéﬁ@ep@@l@ﬁlﬁﬁn%féﬂtf‘oﬁﬂglﬁlﬁowdéﬂ
determne if thergui 3 : Lt systemof claim 13 which is
further capabl e of ‘é% é@m&ﬁggﬁﬁé%gl ygteéroéll?%u}a?(@ after conparing the third
-set of curren{Dengsofewstetrasitlingtdrethe ioste@aputef forl@bh@blli‘ﬁ?@hb@@sd@ iof O
determne if there is an abnormality: (a) 1f an abnormality is detected,
eval uate whet her t Bgingpd¥p.ndpr tBerngitiags glectronisr ebamaicationhavitherthor mance
of the engine;

analyzer workstation and the test cell, and for processing data from at

least one of the analyzer workstation and the test cell;

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

(F) - software associated with the test cell for permitting electronic
communication between the test cell, the host computer and the
analyzer workstation and for transmitting data from the test cell to at
least the host computer;

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

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

(2)  if an abnormality is detected after comparing the first set of
current engine data to the first set of prior engine data,
compare a second set of current engine data to a second set of

- prior engine data for at least two different performance
conditions to determine if there is an abnormality;

(3)  after comparing the second set of current engine data to the

-21-.




(b) if an abnormality is not detected, evaluate whether the abnormality

detected in (1) is a fault related to performance of the engine. 15. The

system of claim 14 wherein the one engi ne performnce para E’rbeli?rﬁ)%(G)(l)

i s exhaust gas tenperature, specific fuel consunption, conpressor rotor

speed, fan rotor speed, engine air flow, cooling flow, bleed flow | eakage

flow, thrust at rated wer ,,.conpressi gn pressure ratjo, turbine_ pressure
(o, i ghnabnoraal

ratio, fan pressure ra Wreadly; & _rdéﬁch?,dv t%ﬁbﬁaﬁe“&eﬂﬁaﬁh@e
control, conpression tenper %H&‘?ne{lﬁ} 'isgﬁ @t hARSe S bR P&@cgt]rﬁance%rf' abl e

bl eed door position, vibration, oi consunption or accCereration or tinmne.
16. The system of clai m 15 whix eéigind;he one engi ne performance paraneter
during (G (1) is exhaust gas . .tenperature or specific fuel consunption. 17.

The system of clai m 15 Whkr eiihan #nosmglityds pet deestadceompsinelp thishsetofan

engi ne power |evel. 18. A co ' tem f,or, evaluating whether faults
detected during the -225 Oc@%%lgtl;éﬁ%%a%?etgtal do?f:\{a0 gl?%ort%'tgbrfenég@ngi ne
are related to engine perfor f&nge RsOBheHh&! erigine PEABHAMNRcUPIEMRiced tO
engi ne performance, the system conprising: (A) a host conputer; (B) an

anal yzer workstation in conmrunileraatileast wing petfheonimst canditpun ter detern@pe a t est

cell for carrying out the ev t}.{ati.on of the_engine and hi comrunication
with the host computer; (D) &oftidfars %‘?rmahgy'on the host conputer for

control | ilng AqHES st d¥clAfn 1PWAidRas AatiRer ck l@@féﬂ&v&ih@%@éﬁﬂ?}f{e?mzc
comuni cation with the analyzer workstation and the tést cell, and for

processi ng dafd fr efieratomparigt the third settdfeuarat srgine domkes thd ihird sndft he t est

cell; (E) software r.esiding.on the anal yzer workstation for permtting
el ectroni ¢ comuni B’&?qW"B%‘fl%éﬁ’lg?tﬁ’én%éf&é@lﬁ,antahéomtwborrput er and the

anal yzer workstati gy ang f1 LoARSAL | 10 GabAcRC! MRRMA! wildRit hbe host

conputer and the a yzer workstatio
abnormality is a fault unrelated to the performance of the

engine;

(b) if an abnormality is not detected, evaluate whether the
abnormality detected in (1) is a fault related to performance of
the engine.

15. The system of claim 14 wherein the one engine performance parameter in
(GX(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 ratio, turbine clearance control, compression
temperature ratio, variable stator angle, variable bleed door position, vibration, oil
“consumption or acceleration or time.

16.  The system of claim 15 wherein the one engine performance parameter
during (G)(1) is exhaust gas temperature or specific fuel consumption.

17 ‘The system of claim 15 wherein the engine performance condition is an
engine power level.

18. A computerized system for evaluating whether faults detected during the
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(F) software associated wwth the test cell for permtting electronic
conmmuni cati on between the test cell, the host conputer and Cgﬁt Iyzer
wor kstation and for transmitting data fromthe test cell td Obe’f §t t he
host conputer; (G the system being capable of allow ng the anal yzer to:
(1) evaluate one performance paranmeter of the engine under one performance

First seccopec s e Tufbind,6%ns 3 Fial SPeul PSP ProfiGhadTdbe a for
the one prébleniwnedacdnslbsding éi&“ox&mC@Qﬁe Sf‘)ﬁéﬁl%ﬂﬁﬂﬁﬁlgpar aneter to

determine if there is an a norma Ity; I f an abnorrmality is detected
after conpari rﬁé)th@liqstsmmsmsr of current engine data to the first set of

prior engine ate he .one. performance meter under at | east
two differ engﬁger faBr"‘\‘}‘ﬁ 5? ‘EBﬂ‘SWPBrﬂQ qoﬁ“ﬁ‘é?iéﬁ‘t&%ne‘egﬁa]éec@%%‘@?m@% current
engine data; (&) CQTRAL &eflNorSERAR second
set -23 5 Octqo er 2006 E:of grlor g%gl ne gata agir%tnt P%(?eﬁngast I{l(?hq

di fferent perfornaru:ommmnmjldmmﬂstmfhdsheompﬁeperformance paraneter to
determne if bgere an abnormality; (5) after conparing the second set
of current en§Phe 89 afeoreﬁllqélg %‘b@@ﬂ@sg%qmﬂﬁte’brfﬁ)lb‘?or\éﬁﬁ’éﬂi%af@aiséoﬂmoﬁet er ni ne
if there is an Lioml ) | t t ed aluate
whet her the abnor%g & yh%t)é aé)?a%ﬁmun gﬁ%ﬁggl C%Hlelﬁ%ncei%tﬁor%na E: t he
engine;: (b) if an ahﬂgtémhmﬂ(ytat@n@ﬂdtlf&%ﬂcdeﬂdan@f(ﬁr'pt@édsﬁlﬁgtdﬁﬁ@@ﬁat
performance paraneter relative to at | east one other engine perfornmance
parameter under at lgashene @fifbe analyzer workstation and the test cell;

(E)  software residing on the analyzer workstation for permitting

electronic communication between the test cell, the host computer

and the analyzer workstation and for transmitting data between at

least the host computer and the analyzer workstation; and

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

(G)  the system 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; |

(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 abnormalify;

- (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;

(4)  compare the second set of current engine data to a second set
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performance condition to generate a third set of current engine data; (6)
after conparing the third set of current engine data to a %Fﬁgﬁ% set of
prior engine data for the at | east one other engine perfo Sr%@pamater
under- at | east one performance condition to determne if there is an
abnormality; (7) after conparing the third set of current engine data to

the third set of prior i dat o.determne if there is an
abnormality: (a) if an Og@ﬁgirj%ﬁlflf’?afasfoazﬁeeﬁﬁgﬁé tg@éflﬂgﬁe haeﬁ%ﬁ{ﬁ? the
abnormal ity is a fault upadtisheef iR bAE pRELIRIITRYearREter th@cRRGideer (D) i f
an abnormality is not detected, evaluating whether the abnormality

detected in step (3) istheremanabnermakty;to the performance of the engine.

19. The system of aim 18, wherein the one engjine perfornmance parameter in
(O (1) is exhaust gXs t8H{efAPRILE g&e%‘?“f’f’g Sﬂjgf‘;ﬂ% &P&%H?’fa&e Pessor

rotor speed, fan rotor ¢§Ra8%et %a%m g%%%élcm& tF AQfelBfhel 1OoMerPiegH flow,

| eakage flow, thrust at rated power, ression pressure ratio, turbine
pressure ratio, fan prebsamalitsati o, engi ne pressure ration, turbine

cl earance control, conpressiQ -24 5 Qctober, 2006 tenperature ratio,
variabl e stator angl e, (/§ri aH{]én b‘??b@@EFna]é‘ar i) getegtedn evalnpteatvihsther ghe
consunption or accel eration El%lﬁ'maﬁ isTQ?I% TQtQ(I tockl'?eté%r%ogﬂna‘ﬁggro?i n the
one engi ne performance paraneter ring E(\ ﬁ&')% 'S exnha gas rtenperature
or specific fuel consunptionthezhginghe system of claim19, wherein the

engi ne performance condition is an engine power |evel. 22. The system of
claim 18, wherein the affdl yz€ranigbnemgality (9ot datecisdoevalpaiing itlrighe val ues

for the first current engine and the first. .prior _engine data in order
of earliest date collected t%&?% ecpggaémet%lrielgg?%&otaéelﬁg%vqn&eo “Bat a

plot; and _ engine performance parameter under at least one
performance condition to generate a third set of current
engine data;

(6)  after 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;

(7)  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)  if an abnormality is detected, evaluating whether the

abnormality is a fault unrelated to the performance of
the engine;

(b) if an abnormality is not detected, evaluating whether
the abnormality detected in step (3) is a fault related to
the performance of the engine.

19.  The system of claim 18, 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
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(b) runs a statistical analysis on the data plot to determ ne the center
line of the data plot and the statistical control limts g?)o %above
the center line. 23. The system of claim 22, wherein the &F%@ Quri ng
(G(4): (a) plots each value of the second set of current and prior engine
data at one power l|level relative to each value of the second set of

current i.or_.engine data at secon r,level..to provide second
data pl g@gpe(“%@r‘gé?t}%egﬂélhﬁ Ségt%a?@gs}/%ﬂ?biﬁgﬁ%gi@%,{pﬂﬂg&i@m{@%gﬁa pl ot

t o obt ai RofsurgRnedr dcbflerdtdh he second data plot and to obtain the

di fference above or below the center line of the second data plot for each

val ue of 20he Tdecwstensef cainc 9 evitereindthproner ergige rperfdamangel partiedtern t he
second data ;. an ) plots the differences obtained for each val ue of
t he seco%ﬂr@%ﬁbg@ 1586&?‘%ﬁ53§WWp§F4W %ﬁe?ﬂécglﬁaonwwm from earliest
dat e col hecte C Q €1 ai. 3,

wher ei n tzﬁé aﬁﬂg}e%zygﬂre ﬁ%??ltcrllegﬂ% %?( g{%ﬁﬁ%ﬁﬁ@@%@ a%ﬁ%ﬁ{)ﬁéﬁ%ﬁnd set

of currerbgi@ngower bath and a different -25 5 October 2006 second set of
prior engi.ne §“?1t a; élj'qi) gnpares the different second set of current engine
data to the diEFBtteROTSlBhE, sdieren the analyzsngoriag @)t o determine if
there is an abnornmality; and (iii) after conparing the different second
set of current engine data to the different second set of prior engine

data: (a) if @) abptyridividublsvatiéd fordBé eétechrrent Cabdl RS WGt irsk he
abnormality is a fault unrelated to the performance of the engine; (b) if

an abnornality is Bder gagimet dala iprorder et ecadiesGdar) colbeptedses latesteddtor use in

a conputerized sys eval .uat i >t her faults detected during the

testing of a gas t%?elg‘%cﬁe?tgﬂgf"ﬁlé dégargf}gta@ to engine performance probl ems

or to probl engunr AltedatiRicaNHMRiPEH ft}%rdl‘&a‘i‘ﬁﬁ)t tb *a%te%ﬁ{e%b'ceﬁleyﬁgég a
an

server, an analyzer conputer in comunication with the server, a test

cell for of the data plot and the statistical control limits below and above the
center line.

23.  The system of claim 22, wherein the analyzer during (G)(4):

(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.

24, The system of claim 23, wherein the analyzer during (G)(5)(a):

- (D) selects a different second set of current engine data and a different
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carrying out the evaluation of the engine and in conmunication with the
server; the software conprising: (A a server software conponent_ that can
reside on the server that is capable of controlling acceséqCEPbﬁ??rQ% engi ne
data, permtting electronic communication between the anal yzer conputer
and the test <cell, and processing data fromat |east one of the anal yzer

conputer and the test cell. (B) an anal yzer software conponent that can
reside on the anal ﬁ(‘éqndcsgtm%%engm ‘?aga’capabl e of permtting electronic

conmuni cati on (jipet Wipatdietice sl sedo S8 HCEud gﬁgi Ny 36" gomput er
and transmtting data between at |east the server an he anal yzer
conput er diffefgntsecend saeif prisoetgine data dodeteeminetifitere Branmbnassalitypamd Wi t h

the test cell ..é\nd .S capabl e &{?é‘ﬂﬁjm tting el eclgzroni c comruni cation

between the (B4t QHFT COfRYing Sreat serond $51 9L SHTENG FpEing data@ the
~transm-t i I t very - I ed with

t he syst gﬁ%ﬁ‘?‘ﬁgéé’?gasﬁfté’f altf W ngg{ahgé) gga ?tzng(rﬁ—nfhglw \{l\gfﬁ%\éﬁr&g%rt%&a first

set of cevaleates evigptine tHatabnbomalityiicsi faet unfelged @ thepaifhienghat afftae t he one
per f or mance, C‘O@Si'i%figfn of the one -26 5 October 2006 perfornmance paraneter
to det er ARBS; O) ey bnosmality4p ek driesteds;progeeds fo ER(@bnormal ity is det ect ed

~aft i ' . ipe data.to the fi t of
or i or engrne Sapaare Ko e 85 QmpRUifEkyFO8 £F SRS e bl St ot
prior edeenied datingfthe tostieg of a heanibinvengintlaes Alite® B ERSiNRP&GEorneRREI ti Ons

of the one _performance paraneter to determne if there is an abnormality;
(3) af t ePrabigmaer g profdems swrrlated tto shemer pafirmengg, ithe dpstemt inchuding second
set of pEér%r, %ﬂgain%iayzgla%gm%)gteg ‘i:"ﬁ %r@ﬁﬂﬁiéa&ioﬁ hv%rt}? tliiesse?‘\rz]er, and a test cell for

carrying out the evaluation of the engine and in communication with the server; the

software comprising:

(A)  a server software component that can reside on the server that is
capable of controlling access to prior engine data, permitting

. electronic communication between the analyzer computer and the test
cell, and processing data from at least one of the analyzer computer
and the test cell;

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

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

(D)  the software when used with the system being capable of allowing the

' analyzer to:

(1) C(;mpare a first set of current engine data to a first set of prior

engine data for the one performance condition of the one
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abnormality: (a) if an abnormality is detected, eval uate whether the
abnormality is a fault unrelated to the perfornmance of the_ enging; (c) if
an abnormality is not detected, evaluate the one perfornaﬁ((,)é O%Srr%ﬂ%ter
relative to at | east one other engine performance paraneter under at |east
one performance condition to generate a third set of current engi ne data.

26. The software of cl al i is further ca e of allow ng the
anal yzer to: (4) afjterb%pﬁ%%@ﬁ%%@e?#orA;e%%r_reqm‘gﬁqhﬂf’tlsé?ﬁl?%PW Bdata to
the third set of g2) or itagiabRokadlRy i dIRLRUNIME dobnpalaEaht Firdtset of
abnormality: (a) if an abnormality 1s detected, evaluate whether the

abnormality is a fault GHiTentaceging glagshéo phe flustragtcefl pfior laginenditaca (b) if
an abnormality is not detect.ed al uati ng.whet her the abnornmalit
detected in step (2) issgcoflguﬁt ‘%e/f:%% ‘?r%mepg?tﬁo{%ﬁn?éo%‘? SF'hg?sHFEj’%ne. 27.
The sof tuare of clal m 2enkial dhte $HONRY ANdedsPShit | @bloRork BERGARyRE 0T &
nonvol atile electronic storage nedia. 28. The software of alm wher ei n
the el ectronic medi a ar eofditippy oflilsk en® perfQmnROM pdirmkster +@ deferi@iteoitfer 2006

29. The software of claim 26 whi.ch h i nstructions provided or associ ated
therewith for how to us$¥hHE WAWREPRIE th the system how to install the

software on the Systemagl oiihddy HRCstoh sBNdlr bASLAl indilieaalibuaLe on the

system 30. Software for use 1h a conputerized system eval uating

whet her faults detect eseotndisey dfhsridresiging dafa t daeriliicbiMgesndi Be are
related to engi ne performance  problens or to problens unrelated to engine
performance, the systeni‘[i’ f¥ig a server, an anal yzer conputer in

communi cation wi thehhe geryer abr?d}ﬂ‘naﬁn; eHt ﬁ&leé:te&,orevaluate whether the

abnormality is a fault unrelated to the performance of the
engine;

(c) if an abnormality is not dectected, 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.

26.  The software of claim 25 which is further capable of allowing the analyzer
to:
(4)  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, evaluate whether the
abnormality is a fault unrelated to the performance of the
engine;

(b) if an abnormality is not detected, evaluating whether the
abnormality detected in step (2) is a fault related to
performance of the engine.

27.  The software of claim 26 that is stored and installable from one or more
nonvolatile electronic storage media. |
28.  The software of claim 27 wherein the electronic media are floppy disks or
CD ROM disks.
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carrying out the evaluation of the engine and in conmunication with the
server; the software conprising: (A a server software cog]a%n%nt t hat can
reside on the server that is capable of controlling acces ¥ B’r?rogﬁ engi ne
data, permtting electronic communication between the anal yzer conputer
and the test <cell, and processing data fromat |east one of the anal yzer
conput er nd e cepli.: .anal yzer, sof tware conponent .t hat can
reside or?gf?he gﬂn%af%/f‘zag%m (2%9&1}%15%6 andgli1 3‘%&8%‘” 108¢ 3{8}( °F t rnﬁfsg‘fl tt??roni c
communi cahérewithddt heenot ke the sbiteatd with iBe SEHMAl haRdotilgaR TR YFREareONPUL er
and transmtting data between at |east the server and the anal yzer

conput er ;01(thy systeraser kaw to sesfwithped instablohe seftwheet orcthe spgtemssoci ated with
the test gell nd is.capable of permitting elgctronic. co i cation

bet ween the AR Pr %énsaef%s“%?ﬂaei ﬁﬁgﬁlﬁ‘af%fz‘é‘fail‘x‘?&ﬁ‘gu‘fr}gﬁ%ﬂ%rngwm
transni t tdeR@tedahRineQhe #stih@3sh dal QBRI BEine(dR rdl %\@M& ed with
t he system bei ng éltaggabl e og al Igtgvm' ng tehe%maenal {/c%é‘t?d?@%ﬁ%@)éﬁgva uatg one
per f or mapsedlpas argo groblenshurelatgidrte engiter parfiemapee f thersysiem ehdilg an to
generate a first set of current engi ne data; %2) conpare the first set of
current éﬁ’aleﬁémdﬂlai"zt% cqmputerin Sgmngnicationqwith {a¢ s vema@ad fdiest ¢6dl Bre

per f or Mgy HEN  ABh Y nge if
there is gﬁya nor mf{)ﬁagﬁatfdﬁgogq E@g@%fg_{r}& %S@Sﬂ%%ﬂ?hgﬁtﬁa ﬁ%?%?%g S

det ect ed saftwere conmpamingng t he first set of current engine data to the first
set of prior eval uate the qgne perfornmance paraneter under at

ngi ne dat a, .
‘least two di fﬁgreﬁtseﬁ‘é@rfmﬂweéwm et cap 1geideren ¢hey sementhit det  of
current engine dat Qapable of controlling access to prior engine data, permitting

electronic communication between the analyzer computer and the test
cell, and processing data from at least one of the analyzer computer
and the test cell;
(B)  an analyzer software component that can reside on the analyzer
- computer and is capable of permitting electronic communication
between the test cell, the server and the analyzer computer and
transmitting data between at least the server and the analyzer
computer;
(C)  atest cell software component that can be associated with the test cell

-and is capable of permitting electronic communication between the

test cell, the server and the analyzer computer and transmitting data to

at least the server;
(D) . the software when used with the system 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;

(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;
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(2) compare the second set of current engine data to a second set of prior
engi ne data for the at |least two different perfornmance co %bons ng t he
one performance paraneter to determine if there is an abn F"E?;p; (3)
after conparing the second set of current engine data to the second set of
prior engine data to determne if there is an abnormality: (a) if an

abnormality is det ed, €;§ e b l ity is a faylt
unrelated to the pgﬁ or rlr%ﬁ%égdbg lﬁg%e%feﬁee!a ftff)e? @ﬁ{pgﬁngbtﬁ&jﬁﬁﬁ fettf i s not
detected, evaluate the eofrenpengiaenadaetop i TREtCketl 6f PrioreeddnatddLast one

other engine performance parameter under at |east one performance
condition to generate ac¢Viiuplg dietons perfpreance patanater datler af 49ast dwpar i ng

the third set of current;. i.n ata to a third set of ri or engi ne data
for the at |east one ot ﬁé&é}g%ﬁtgﬁ%gorwgrcﬁﬁﬂ@ ns %ggﬂfgﬁfgﬁpgﬁ_ %f’?qr%east one
performance condition tQurideteppicutd,f there is an abnormality; (5) after
conparing the third set of current engine data to the third set of prior
engine data to det é*i neomparertbe se¢andaset alf wormmst érigyne ddte Yo 'afseemr‘a&nﬂgr mal | Ly
[ i [ [ I ated to the
perfor mance of - the engPhEROT BYENF G2t Ah AN Neehty Vo iGET R eRERce

eyal Uat i 0 et et o CBRIRORLE i 85 SRSt fndclid aeRrh i 1ol ot o0
o - ober : . [

cl.aim 30 that is st oredthenelisi anstbabtablity; f r om one or nore nonvol atile

el ectronic stor age(gedi '

gﬁer comparing the second set of current engine data to the

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

abnormality:

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

(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;

(4)  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;

(5)  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;

(d) . if an abnormality is not detected, evaluating whether

.the abnormality detected in step (3) is a fault related to
-20.




32. The software of claim 31 wherein the electronic nedia are floppy disks
or CD ROM disks. 33. The software of claim 30 which has iNgst rc%‘gtions
provi ded or associated therewith for how to use the soft ERFE % he
system how to install the software on the system or how to use with and
install the software on the system 34. The software of claim 30 which is

capabl e of allow ng the anal yz durin D)(2) to: (a) plot individual
values for the first current %gﬁépﬂ@cﬁégéhé\?ﬁé'?%e first prior engine data

i n order 30f eqmki REwHALE Gkl 80tBE: 1OstbRlCAId HRBBR! hE&! &5k bP tievi de  a
data plot; (b) run a statistical analysis on the data plot to determ ne the

cent er | inaavolaftiletelrstrgaicestoage maddh.t he statistical control limts bel ow and
above the,center |i.ne. 35.. The, software of clai.m 34, which is capabl e of

al | owi ng%?-he éfﬁl&syi’%ﬁﬂ“‘da Flagm —’(’Soyvgh&sel% he plastropismedia @<, Bppiey SRk R second
set of cyiy REMa@NMLsPri or engine data at one power |level relative to each
val ue of the second set of current and prior engine data at a second power
| evel to3provillie sftvecornd daina 39 ethick hhs dastructiond peovidgt @s sdsesciatadal ysi s

on the second, dat |l ot to obtajn a center line for the second data pl ot
and to glﬁﬁ" er‘ih?q’ifzh‘g’i’ft‘?é‘ﬁ‘éﬁ%s%%@ with teg sxstampchqve e dnstal] Hie wiftwase second

data plo . Lr prior engine
data pl O'E) ;t]fé Slyﬁ%t%ﬁgr\sﬁgg@%dg Eﬁpgaﬁ%g@ﬂéﬁgg?@a%ﬁ&tﬁg%%S%(g}lgfferences
obt ai ned34.0or FheBkoft@htecoDdElairh SOswhivhds $8patidé of UbWY thRNthaBfep udngi ne dat a

in order fromear|iest date collected to |atest date collected. 36. The
sof t war e(BK(Z2L ki (@ eBtvipdividuad vabysa tfbe thyr fist cowiengengine data nck thedfirst ng

(50E) Pl 8P LR Sl RSB T B o
second sglda@fplet(b)Xii a SAGIHAI Sallfié Bn tRedsh IR AbtesRERWe 2ehtePlind! | O
engine data to determine if there is an abnormality; and (ii1) after
conpar i ngf thaalatii flptansthe statistichl sentrolf limits below @uigibose dat eentdrdirehe di f f er ent
soctnd o5 O 7R Sk SRS A0a () L o SoRoel L Supcl L detected
the engimga) {PXa) HloRBadPPALERFIhY sdcDnARet gfﬁﬁ%ﬁddnd%r?&e&%iﬁeodétpag 6). -30
- 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 (c) plot 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.

36.  The software of claim 35 which is capable of allowing the analyzer during

(D)(5)(a) to: (i) select a different second set of current engine data and a different

second set of prior engine data; (ii) 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

engin_e; (b) if an abnormality is not detected, proceed to (D)(6).
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