METHOD FOR DETETCTI NG WHETHER PERFORVANCE OF Al RCRAFT COVPONENTS | S

I N THE DECLI NE PERI OD TECHNI CAL FI ELD OF THE | NVENTI ON 5 [ 0001] The
present application relates to a nethod related to the nai ntenance of
an aircraft, in particular to a nethod for detecting whether the

per f or mance METHODaFOR T TETOTMNEHETHER FERFERNEOHCBODAIRORAFT

BACKGROUND 10 [0002] A ft [ t vehi A lots of
passengers travel by flééwé’@v%ﬁyg §INH%%§ Iﬁr:éﬁ% ety of flight
nmust be ensured. Wien a conponent of the ai rcraft fail s, the aircraft
must be grounded and mai ntained until problens are resol ved. Thus, it
is possible that the aircraft is delayed and even wounded once a

conponent of the aircraf teCaNieAl 8603 AF TMEREVENTMONNt enance of the
aircraft mainly is post-processing or per’l‘ormaa on a fixed 15

sched Y t- S a
and%tﬂogw gﬁ% #EH] %EE ﬁca?i?:ga ]tate8§8 e g{eﬁrja%lﬁnltse!aag%nl(t:oe tl{cz)ef ﬁlggltﬁegla%%r fsialgl)f R aﬂ in
ai r cr afphrticaladitd 4 ARtiRQNGL dbteginy WEaba. thSpamnimes of the adrcAIftecoRfoBB™E & in the
parts in the airport for replacing due to high price or using up

t her eofelifgingAod 11 direct | y cause grounding of the aircraft.

Mai ntai ning on a fixed schedul e neans a certain conponent of the
aircraft is maintained or replaced after a fixed tinme, which can

avoi d delay or 20 grounding of the aircraft to sone extent, however,

its cost is too high. In particul gndcBomENEXpensi ve parts, their
performance may be well when they are replaced, which is huge waste.

e o PR e B R R oo PR BB BT AP BARREG A2 Bl e
to a fkafed shigdtihtastBarRaturad, OWeer hecolﬁqioaynt%ldthgfa@ufﬁﬂ fls Ofhet diRraft must be
aircraft cor’g)l etely. 25SUMVARY @&0004 To the one or. nore_ technical

pr obl e#Founded gd @&W@Wd ol prdepbpisglesolivad. ohasa dfpiscipossible; Hiat Hicoaisgiatt is

appl i Cﬂ&lh ’an;dha‘\a'f@r‘? Héiécf&ﬁ:e% J&E@gfr?]%t o?fheclﬁ’rtc g%fa g whet her

performan ircraft co |s |n |ne peri od,

conpr obt aj ni ng, one or red rarreters refl ecting

opor AP posat greificamaer ot BF e RRSHHBRICF 1 EiSk BT EATIER g §xed
or j4ror @e}fé@ﬁl@c%%eﬁ%n@é%ﬁ% , EpoRt- wdcbss[n%sﬂeﬁatrﬂ\/ts a%?d Hedy Vi Ugsundihg of the
det er m ni I’lg whet her the per or mance of aircraft corrponent IS 1IN

t he deairémB, pece oanisagec Qfmomeqn@rtpaf tl@mcraé*@alathm% msinllmg preotsaePometimes,
as pect alrcra

conpr 1 iRl f RGP WREERET FdomarPe e it Bisdbrith ™ 4figyup fhereof, which

COMpPONGAI dﬁr%ctl)ﬂczhfé@ gﬁ’@ﬁidﬂrl%opﬂfel AekrdT0 SEin@inih dnad Bk ed BEHAOR; means a certain
arrangi ng a mai nt enance edule of the aircraft in response to the

5per f oFPRAPENH T thﬁéllraramsawn@mqaémmla@émf@r B AleH dingfe ayhighecaregviogdidelay or
g{bﬁlﬁh]ﬂgtﬂg t%n?%n%l‘arf’f:foagts 8%51889?@%9% r, M3 o o?fafsc{o%fﬁlghn o O?zlrﬂcular to some

fur?he aspe &r'e provides “a I'nin

det ect egpengias pars,ahsir rpeffbﬁﬁztﬂcﬂ gnopee atcllonhat ﬂiegﬁ&nr@frepaﬁtea,l whiohfib huge waste.
conponent, conprising: obtaining nultiple paraneters related to
oper at FBRiesmgre, inder %%e apseial &fr@me&%@ﬁemme suaBeyeats dlythgaizeraft magedecline

mul ti phﬁcﬂ?ﬁr aRGh K fhis case, maintenance according to a fixed schedule cannot avoid the delay and

grounding of the aircraft completely.
25 SUMMARY

[0004] To the one or more technical problems in the conventional technology, in one aspect of the
present application, there provides a method for detecting whether performance of an aircraft
component is in a decline period, comprising: obtaining one or more detection parameters
reflecting operation status of the aircraft component; comparing data of the one or more detection

30  parameters with respective desired values; and determining whether the performance of the



10 with failure events of the aircraft conmponent; and determ ning the

detection paraneters based on the associations between the nmultiple

paraneters and the failure events. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0006] Her.gi REnt iSARe REGHELEE h RBhDatdontB&1d nvention will
a i{)aeddalﬁﬁ}or ) 1S tHe REGN! ? tﬂdeﬁzﬁpéPg Bﬁl?ﬁnggogr &

be descr eference to 1 acconpany raw ngs. [0007]

Fi g. i.S..a schematic illustrati change.of the. performance of the ..
i For ERODS U FRERT einiet ohiion SRR o CRERBB alor e Rnip by e comprising:
appl i cakieARining HRSBE IO pe%ohﬁan%e bFaw a‘ixﬁt?d'fi gdlﬁﬂmdh;é%lf Atih Ak decliBé psbd Bdsed on

detecti ng whether the performance of the aircraft conponents Is in
t he dedhd mboypemehodicamanging a merinferangerbistiedrdatofofher huciafiesremesponse to the

20 i ion. 09].Fi 3 | . il | . i . h f
obt 31 nPhg e oF O pike:afsPmplndhy pe R RN Brcing fEHAR P ufiulfhing nd fieran
ai r cr alcbmpong® beihksiraggor di ng the one enbodi ment of the present

appl i cation. [00010] Fig. 4 is a flowchart illustrating a nethod
for detecti e f . t i . 0 t cordi
t he one er%gglr&ﬁ%n%sggg‘#’ &{?e rglsdg%ta IQ%B?I? g‘%%ﬁ“@o@%ﬁ] lﬂgég&et%?@g pgl‘a@lgeters

f1 ow cheffdcting lopatation stagisaofiet hiedaft @omg@efienet congprishes: pbtaldngandsplofpatdneeters
aircraft c&rrponents accordi ng the one enbodi nent. of the present

appl i c &8s [0 ppeyation stpiug of ghe aircalf compeueaktaspaqaiing daty igthy midtipls paragpeters
detigCt ki faliereRGEAR LIRICHrRLt bORpRIhE LAl UeeATRANERE HREEN fiS et ased
one enbodi msnte o{fn tr?e pr egent ap% |ecétai onfe 30 ([3%13]6 F?g.f;?&?lg a asecon
schenmuatlheassddiatgins hetwegn dreangéplefpatdmeetgre nid thedmtwe eferdn APU accor di ng
the one enbodi nent of the present application. [00014] Fig. 8 is a
schematic illustrating an exanple of Al 3 nmessage of Airbus. [00015]
Fig. 9is aflowchart illustrating a nmethod for detecting the
performance of the APU %ﬁ'ﬁ?b Igdﬁg@'ﬁﬁg he present
application. 5 [00016] %ﬁg.%{:J.u i bﬁ%ﬁ¢§v§bhdl (— Wjﬁqgti ng a net hod

for detecting the performance of the APU accordjng to another one
enbodidBMHeFnRlRE, saness pistertsd Ambodimes of Bsonygntengvillihe descrbed, igygeference to

chart kﬂéd&éélﬁ%ﬂﬁe@a‘gﬁ%@w for detecting the performance of the APU

according to enbodi nent of the present application.

[ 0001 ig. 12 is schematic.ill ystrat a performpce curve of

e ol0BR/ B gk PRt gyssaes chEtes oh 8% Bedpihmgiy Bhak, SR mponents
i 11 ust pedordifg SreBRichRboliRherfi6F 8lprdentdpgliffiohor mance of the crew

oxygen system accordi ng to one énbodi nent of the present invention.

[ 0002 i 4 15.a mtic.illus i . relati hi et ween
he opygdits 2Lty SR TRl SOl P b RN B S bt e
and neagttaitNgriipoientd cig Oindibagdécdine Nrriedtmdoraiyt tef ohd@nibodhfdit of the present
invention, 15 [00021] Fig. 15 is a schematic illustrating the

reP&t i GPE;IWbOTbet ween the oxygen pressure in the oxygen cylinder under
standard condition and neasuring tinme according to one enbodi nent of

t he pioeseftig.insenflowrchart [I0BAARYg Fingethdbfor @bairing datattion pdrhmstersaefleging the

the rel ati onship be en.a 24-hour 3-days r.olling aver . | eakag
it oPPYTRETE LSOy u Ao TRPR i A RS S AT FEORLET T g resent
the 20 g4Ragdrent shown in Fig. 15.

[00010] Fig. 4 is a flow chart illustrating a method for detecting the performance of the aircraft

25  components according the one embodiment of the present application.

[00011] Fig. 5 is a flow chart illustrating a method for detecting the performance of the aircraft

components according the one embodiment of the present application.

[00012] Fig. 6 1s a flow chart illustrating a method for detecting the performance of the aircraft

components according the one embodiment of the present application.

30 [00013] Fig. 7 is a schematic illustrating change of the performance of an APU according the one
2



[00023] Fig. 17 is a flowchart illustrating a nethod for nmaintaining
the aircraft crew oxygen system according to one enbodi nent of the
present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 [00024] Fig.
1is afeﬁa%laﬂﬁ%n't(éf P&Eﬁﬁ&?ﬂ&a‘c{éﬂange of the performance of the

aircraft corrponen S PRecor e one enbodi nment of t he present

appli As service t| ncr eases, mance, of all of
partsf@%J gﬂeFéH Bds apghefhafic il fé?’i‘%)?‘“a?@“@&%@ﬁfgﬁ Vessﬁg F AYPRS- decl i ne

i ndexes will gradually increase. The decline indexes i ndi cate a speed

at V\h[QﬂQlﬁheF@rﬁ sravinwechaft iblastragingfa methodi foc defectingptiel prermikeenott the APU
decline in S are,tr)edé Qilg stabl e therperformance of the

ai r cr aPfeer 8 DREHTET mFIﬁt t ‘t%tﬁteé“ ARiCRYe hen per f or mance decl i ne

of the aircraft conponents gradually accelerates t he perfornmance of
t heSal408t & t Fimrifomerfiaw shue iliustrates b ineshoskfar sigtecting theapesfarmange of the APU
thres h?lnl:(g)reﬁ%% We aﬁo%he? %%gdnﬁen?opt% Pe niﬁ §ﬁllcai10}1 he aircraft
conponen ure peri od, Ena T arYiTe may occur at any
n the alrcra g¥onents enter the failure period, the

\Whe 5
qual i {40047 sgtanléés aﬁépvéah ylustrating g mrethgd for deteching Hiegperfrmanseces the APU
and an ﬁmﬁ eaS| |y which can
cause SH(FJ% nd grounﬁtg (0] %@éﬁﬁsaﬁp%@tﬁere is ng means in
conve noIo tect whet her the perfornmance of the
a rcrﬁtbb?@onﬁ%iﬁtsw bt e L e SR ate: DG ore ShY QISEEL s of

decline E)erl od has the foI | owi ng advantages: firstly, when the
ai erBop 9]10thor1rﬁos1erﬂcsw ghareillusereting e nmlnctdoﬂ)r cteteetlpg theaparfarmpnesf of the crew

failure_stil erefor .saf of f nd the quality of
servi o SR oS e inEdE 5 P BraRRhr bRt bt Blenfifned at thi s

time. Secondly, when it is determned the aircraft conponents enter

the fEOPe B& ildds atgeaemptiq lhstrating thefelafionshim hefeepmithin exvgsa eresspre in the
t he ai t

ol ay S Epey e s@ifld HRTERE iy Gieallle) ARBALRraRE I She chibaipent of
mai nt athei prgseatimeediong to a fixed 15 schedule Certainly, enbodi nents

of the present invention also can be applied to detect whether the

pernf 0% tlbeis %‘ §cﬁérﬁ£ﬁc Hﬁﬁf?ﬂﬂ@ﬂle'rﬁlatlﬂnﬁﬁlﬁb&ﬁ’ekﬁ kite @%eﬁ%ressure in the
[ 00026] Flg is a flowchart illustrating a nmethod f ecting

whet hepxygea qo’énd@rurdnc standard lgenditipr pad mesgmpgniane gcrposdmg t0 lope gabdingent of
peri od accord%lng the one enbodi nent of the present application. In

t he mafhf?d)& SBOVHYR s enbodi ment, at step 210, one or nore detection
pararreters 20 of the operation status of the aircraft conponents are
obt ai [98822]at Fig: df ip 2 schemutigdllugstise thpaclshenshipebetdisen gr 24rbper 3-days rolling

val uos AP ARELCER, o ant WG Gliall 0t e, AR PRERIntR: PR RLGHIMITES e

t heo ai embadlmeﬂmmwmeﬂﬂ?&;g i1s.in the decline period based on the

corrpari son result. [00027] For performng detection of the operation
st at th i f t t
Do Sar i o i ch ae e AR ng AL for FRAIRRG R WEOHK GEw! Bogen
par anet%t@n agfokding tongnet dugb cdpeerttof e sewntimveditionhe ai rcraft conponents
are selected as detection paraneters. Taking the A320 aircraft of

Ai rbus as an exanple, the anmpbunt of data obtained by the aircraft
sumed up to nore than 13000, wherein, a plurality of data anong them
can directly or indireci3 XEIE?E Itl“tfﬁ QS’}”T g w&f §he aircraft
conponents. Therefore, rtlll—lﬂ—sg'ghprmﬁt—m-gg—e%mv—cf—o 30 select a
sui tabl e detectian parameter fromso many glgrameters reflectin

petd dOREHde B dHe aéﬁheta%ttctl lpsraimgeshenge ekpederpryancsof ghe ﬁscrﬁg\ﬁowonents
fror e Cgé&l'dncf ttﬁg PH&IET%B% [09019@ g]lrrggéng 11!:&10‘3. fASO\Q’erQ/Q%r ecntclrere]laes, the

illustratin or obtainin et ectron paranmeters re
t he opperéctnrmncesoﬁalhof parts dfethaiaireméiwillcdetgronnaa tesadaalinridi, niye dédinoimdexes will
gradually increase. The decline indexes indicate a speed at which the performance of parts of the

aircraft declines. When the decline indexes are relatively stable, the performance of the aircraft



[00030] It is can be determ ned which paraneters are highly rel ated

to the failure events of the aircraft conponents through data m ning
utilizing existing data of the nultiple paraneters related 15 to the
oper at iy il

the. ai conapRALLs i B% Auls®l Shen FRIRDOREL SocMERe R SR CORBUR bod Ry
par anetaeccleratss, othe eerfbmeﬂwe [o@@l@a?ﬂﬂrcréﬁ ccomibbﬂ:gltﬁ entenses éeddindiperod; wher heertain

present % tion, a correlation between the data change of the
mul t i p|ﬂee§&1 P& 1% exgicadadh dher parfarmancs, hnihe agprafineomnanerigfeptEs ApaERPeriod,

I's cal gy ahifide nf: A}/Eoc‘fc%i' labhgy & Wh{r@ﬂleda’nrc?ﬁf E&n&ﬁehﬁeﬁﬁ& t‘h@ef ﬂﬁ@ Fyeﬂgd the
of sone paraneters. For exanple a crew 2 ygen system
| eak, guelitpwionygemngdrsefetyuobilight mﬂésuﬁfer\iaadluﬂﬂtmnoqa mdmmdinycheldﬁledmamtenance

engi ne_mal.funct i ion s he engi woul d dr

oot at by bl ey PRuRILE BT ATl | 1iisis no means
occur . jif BehweRfidil alchfflosw e getedt eheRl RSP RorRah R RE aﬁ’cf:raﬁr&%mponent is in the
operation status of the aircraft conponents and a paraneter

i ndi cadpelipefpgiipdir e event can reflect a correl ati on between the

paranmeter and the failure event. According to one enbodi nent of the

presefin02> Tppleteatidrodt dédlice pRfib@had tHenfollewiMperivaRegdafidaiBt @hen the aircraft
rel evant to the operation status of the aircraft conponents and the

par & me COPPREascerterfigckipfeperiad, theeprabability offaibie stll duloxt dyergierpgsafdiy of flight
partia A Dl f

oo L LA PPN 18 AR 08T L BRUEE Bl S speonay
t he comhehdt isodeteahiaed ﬂi@dlrd‘l&ﬂV@ﬁ‘I])Ohh&S rearearmet €11 ludd ghetitid thalairune can timely
event is greater than a . threshold, the paraneter can be used as a

det ect PBRIgARSiRIsPRICc fanbedderty soRs S Lt Uivehledraginispinchgredes the delgy of
stat us Rl qif e 3l G basE WPARERE SudfindiCe datelh By AlitdfADUacd A B0 fixed
all of paraneters related to operation status o he air ft
conponetiteduleargirdyoimizpdmetto of 032} fihvential also obn bhappledwhddtett whether
deterni.nes the nug?ﬁ{ of baé{e final obt&g&e deteciion paraneters,

and t hE'REEQFARFCSE NG arcHEt FOPRees e dtiBRP Xt t ai nl y, the nore

the nunber of the paranmeters is, the nore accurate the detection is,

and t[980}]ghBig. Qhea dlost clstt illstratisgtroncthed forr deterting aviedherslrecier frmenge of the
alrcraf | .at | ti.ple er n

correl alltrlcrgﬁ eac'?ttS 1grlglrr@[%e(triec’lhlsrpél ot IB%I (%grd?}%etthe fﬁee% ?Hl?ertt rfet'ahﬁo]? rgsent
shoul daﬂﬁlch@mﬁ Hﬁd‘tdlﬁetgsd 200 iethpérabRIBEst, at sep’TIOQbHe BEmMbR: di€tion parameters

enbodi nent of the present application, a ran&g of the threshold is
0. 300, sf the anﬁféloaewtat ﬁﬁﬁlé%aléqratt [FETROREIB ATC QRinBEheht Sep @R8t B§ Yadnes of the

few pa r ggng: r t

t he va ue 0 0%he nﬁ‘r esE&F‘g nQ efsg er a?égldﬁv(ﬁ;tg 'ﬁﬁ‘?merggé’gg‘z‘%er Bl%getmmmEd

det ect valnes. Andat sluep g40.at u;rthet@nﬂnmdl witsdtiier ofie pdrformurcesitthapipdraft @bimponenss is in

range ethre §F%“30608 [r ?33] After obtaining a

pl ur al ﬁﬁﬂt RRE R ihe pEnBgsoniesults possi bl e that the

correlations 10 bet ween the obt ai ned detection paraneters are strong.

| n t Wj0§0ZHs elforoprsfadmiing: tietoetiqrapf thst eperation Stnt;i's cnéfttbe alhotalﬁecompmlentS, the first
Ther ef det ect.i on anet san noved

P D uoRhlsberiRE 1 be B VeaS it PRARRS TR B e miteh gprameters

the pregrBin@pRl dpepdtionNstatif f MR RidEtaf WIRIPoR&s aféaéé}éﬂtéﬂ hdf1@etection parameters.
correl ations between nultiple detection paraneters; and renovi ng one

or nor &akieg & A3N purraferfohsbisassetn exannle e rmsnat PHAata nbtaigasnby Hi aircraft
mul ti p%tﬁmgtg& ﬁtdb egftl{n? IIT% r%ere]‘HS aTTIH‘%l’lt mf”d%t % ong?lﬁ%[gkan 1rectlp{ S 1nd1rect1y

paraneters cCca dal ne e I'n epen Ive

ref | ecteflepethatyjcoforgamieUs o aﬁl’@ﬁifﬁtdrﬁﬂﬁ(ﬁfehtsCQ“Hﬁ@fbeﬂt@ is bQﬂﬂﬁﬂ]]t piislem how to
gr ee of decline of a detection paranmeter can be directly reflected

hPQugfFlecs dpaitahlg dateriian npramelealfinen o mamy reemesters oRflgsiipg msmrsrfopnansead the
ext r B2 UmPondnhe cSREGAY 1 haREhANEL Glore En{fitaldd&uTBARN €d val ue of

[00028] Fig. 3 is a flow chart illustrating a method for obtaining detection parameters reflecting

the operation status of the aircraft components according the one embodiment of the present
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[ 00036] Respective weights of detection paraneters can be estimated
according to actual data. According to one enbodi nent of the present
application, the weight of each detection paraneter 10is obtained

based QG0 OKE &haWh Ofhe |

dot oct {Bp ARoR A 8hah ke RLIREF06 320 GRANALHALb BAURALR I this embodiment
[ 00037 ]corpasesd atngert 3200 nbtagmiooiuttipit pafimtiees plaesien ttheaqsmlratmtsntalms oﬁ the agcraft

determ ned that the formance of ' the_aircraf onent |
decl i nE°PEPRE: HhEfP Bﬁ ciabpRdhicdaty af &’FMEP’\?QP{?E’P%?YS P TaHYE Fa?%ts of the

CONMPONGRLraS cOhBGeRts; ta@ﬁn a sfe}’ §60) Oh&emgﬁfﬁgr | Heteétfb‘ﬁ bﬁ%ﬁé&?g Ba8lRCHR the
to be 15estimated based on actual 'data Fig. 51s a tlow

chaft iabdogsitipag heteeen thre hdiaple paradeteeszand‘t@e fmbquz)exrehtsr mance of the

aircraft conmponents according the one enbodi nent of the present

appl i pEoRgn. ASstgh e, tHehﬁlu[fﬁﬂé" Qeraaterk NrelaftidStoe FROBHITRIEN SRARS bSER aircraft
at step 520, obt ai ni n; mul tiple detection paraneters reflecting

oper at icompsRentseandse alher aparcefihe pevmstareabtaincd hyl the airrafpdgagystem. According

cal cul gt Htggec%vg lgﬁgsefca? 1mépceat1899pn%?cta§e|9nbv§)ga? %Ers[ %%@%&F&ré’ﬁ&g& cpﬁl@eetely

t he detec in a cer Servi ce

i ncr eas:ﬁ&,latémeto pekef afdancengiontite @ ber adttcted mpanentexcligédr AotRtBg to one
gr adual | % This characteristic can be reflected by the foll ow ng
f ol | gmbgdimengpithej piegqnt)application, the defgetippnaranietprs yengeleiiagl based on

Val ue ?é pteaﬁre '1%51' ?f}:%lﬂ:g ?ﬁ?l&ﬂfcatehoo paﬂaﬂl%{e‘% L 3htk o ttﬁgﬁp&gti%rggﬁaopgof the

aircraft conpon are fi aramneters
reflectalrnu@ﬁtdompohangl ng trend of the detection paraneter. [00040] At
step 560, the slope of the changing trend of the neasured val ues of

the ofipoon] Marig cQﬁﬂa@%te%m%érvﬁﬁ’éﬁ Eﬁlﬁﬂefér@al%%% i RelBRAEtO¢hd BiIGRBRLADF the
with a reference sl ope to determ ne whether there is significant

di f f er ehetaftirompenents Heenghl datd mindeg ehhzmedxrsm dathef ﬁn@mﬂihrﬂ&m@mmﬁters melated

alr raft .30co nent in..the. dellne od,when..t he sl

21 R e PERE ole® " o SpRE, eitGREhlsp et PR BB PRt ot
one enbegpsmits, 88 tHah@eRiReOTtheaRiddion bh@mhetdrdR creea‘neﬁeace slope is a

sl ope of change trend in a certain period after the aircraft

co npo[;b?ﬁﬁ H' S Acgtﬁhf’i‘ll 6 ?’Hg ! e?ﬁﬁlﬁéﬁg of g] gﬁggeﬂ? E%Qﬁ?tlmocg%ﬁaﬁbn %tativ;}eteeﬁ éhe data

prese plic erence €1s opé o ange
in a cehdrgenfper mlohhp([ﬁ pdrheetssnandahe ﬁ’lhli’é eveptsalitee birdraft icompgnas is calculated.
5 sane nodel . Thraoug

wor ki n |t|on|n anot r, II’CI’
this ngbﬁ?%} ure ﬁ&%ca@h@feca ﬂwsdﬁénep Eqna? parpmelgrss £aF grample, if a crew
pehj0dgy BeteldfRt A 1dagds AR oﬁ?%gﬂa}?] g§59ﬂe gﬁ'ﬂm%r %ﬁf@&%ﬁ%{?ﬁ@%@? Bn engine

different”aircrafts. [00042] Acc to one enbodi nent " of
pr esenmadfppétionat a wigtionrspesreafthe engmamoekl d@rbp trapedlgl eTlmcdechnespﬁrtha:semerameters

Condi ¢ PR B0 RoE R i oF s Bite <BIel iR AT o KRG L operaton st

appl i caf ige airéf d&ﬂﬁ)‘ﬂéﬁt@ a‘ﬁﬁ' é‘%ﬁraﬁ{etérhi%dfkgtn‘i’gﬂfﬁﬁﬁ'é Q‘Jerﬁacfa%nﬁrﬂ%étsa ofrelation
performed snmooth processing to reduce influence caused by d

per t ur beiwicom. therhvera@m amb thesc éaslslrm@vemop‘togondmg tqo@nmendménage ¢foth|e| prgsent

al e fol formula i.s a cich
CZ%I fllgpg c)a 10n orrelatlonobetwgen fle paraineter rePeQ/ant ta°the operat1or1 g'][atus of the aircraft

components and the parameter indicating the failure event can be calculated using the partial
correlation method. A plurality of partial correlation analysis methods in statistics can be applied
to the embodiment. If the correlation calculated between the parameter and the failure event is
greater than a threshold, the parameter can be used as a detection parameter. The detection
30  parameters reflecting operation status of the aircraft components can be determined through
testing all of parameters related to operation status of the aircraft components using such a

method.

[00032] The value of the threshold determines the number of the final obtained detection

5
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[00039] As service time increases, the performance of the aircraft components deteriorates

gradually. This characteristic can be reflected by the following formula:
X =50+ Blt, (D

wherein, X is a measured value of the detection parameter, ty an installation time of

25  the aircraft component, 80 # 81 are fitting parameters. 81 is a slope reflecting the changing trend

of the detection parameter.

[00040] At step 500, the slope of the changing trend of the measured values of the one or more
detection parameters in a certain period is compared with a reference slope to determine whether
there is significant difference between them. It is determined that the performance of the aircraft

30  component is in the decline period when the slope changes significantly relative to the reference

slope.
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change trend in a certain period after the aircraft component is installed. According to another one
embodiment of the present application, the reference slope is a slope of change trend in a certain
period of the same aircraft component having good working condition in another aircraft of the
same model. Through this method, change that happens in same aircraft in different periods can

be identified, and comparison can be performed between different aircrafts.

[00042] According to one embodiment of the present application, the measured values of the

detection parameters can be replaced with the converted values under the specific condition.

[00043] According to one embodiment of the present application, the measured values of the

detection parameters are performed smooth processing to reduce influence caused by data
perturbation. The smooth processing adopts multipoint average rolling mean algorithm. The

following formula is applied:

X, =ClX

new snooth

+C2Xo.'d ( ) )

wherein, X4 1s the measured value, Xpey is the value after smooth processing, Xsmoom
is the value of adjacent points after smooth processing or is the average value of points around the
current point, C1 and C2 are the weight values and C1 is generally much greater than C2 so as to

improve effect of smooth processing.

[00044] Fig. 6 is a flow chart illustrating a method for detecting the performance of the aircraft

components according the one embodiment of the present application. As shown, the method 600
in this embodiment comprises: at step 620, obtaining multiple detection parameters reflecting
operation status of the aircraft components; at step 640, taking measured values of the detection
parameter in a certain period as a sample; at step 660, setting the measured values of the detection
parameter in a pervious period of the same length as a reference sample; and at step 680,
determining whether a significant change occurs between the sample and the reference sample

based on an independent sample test.

[00045] A plurality of independent sample tests can be applied to the embodiment. It is

determined that the performance of the aircraft component is in the decline period, when there is
significant change between the sample of measured values of one or more detection parameters

and their respective reference samples.

[00046] According to one embodiment of the present application, measured values of detection

parameters can be replaced with converted values under specific status.

8
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[00047] When the performance of the aircraft component is in the decline period according to

above method, maintenance of the aircraft can be arranged duly corresponding to the fact that the

performance of the aircraft is in the decline peried so as to maintain the aircraft component.

Example of the APU (Airborne Auxiliary Power Unit)

5 [00048] APU (Airborne Auxiliary Power Unit) is a small turbine engine mounted at the tail of an
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atrcraft. The main function of the APU is to provide power and gas source, and a few APUs may
provide additive thrust to the aircraft. In particular, the APU supplies power to start a main engine
before the aircraft takes off from ground without need to rely on a ground power, gas source
vehicle to start the aircraft. When on the ground, APU also supplies power and compressed air to
ensure the lighting and air-conditioning in the cockpit and cabin. When the aircraft takes off, the
APU can be used as a backup power. After landing, APU still supplies power to the lighting and

air-conditioning,.

[00049] The functions of APU determine the operation stability thereof directly relates to flight

cost and quality of service of the aircraft. Moreover, in the absence of guarantees of the ground
power and gas source, once there is some malfunction of the APU, the result is that the aircraft
cannot fly. At present, the troubleshooting and maintenance of the APU always are
post-processing. However, among the equipments of aircraft, the maintenance cost of APU is
higher. In addition, the price of parts of APU is higher, the cost for storing the spare parts is higher,
and the repair cycle reaches up to 4-5 months. The stable operation of the APU cannot be
guaranteed due to the post-processing maintenance. Moreover, the repair cycle is time-consuming,

which directly causes the aircraft delays even to be grounded.

[00050] Fig. 7 is a schematic illustrating a curve of the performance of the APU according to one

embodiment of the present application. As service time increases, performance of all of APU
gradually deteriorates, i.e., the decline indexes gradually increases. When the decline indexes of
the APU is relatively steady, the performance of the APU is in a stable pertod; when performance
degradation of the APU gradually accelerates, the performance of the APU enters a decline period;
when a certain threshold value is exceeded, the performance of the APU enters a failure period,
and failure may occur at any time. When the APU enters the failure period, the use of the APU is
influenced, the quality of service and safety of flight also suffer bad influence, and an
unscheduled maintenance may be generated easily which can cause delay and grounding of the
aircraft. There is no means in conventional technology to detect whether the performance of the
APU is in the decline period. However, some embodiments of the present application can perform

such detection.
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[00051] Fig. 8 is a schematic illustrating an example of A13 message of Airbus. As shown, the

Al13 message mainly includes four parts of information, which respectively are a header, an APU
history information, an operation parameter for starting the aircraft engine and an APU starting

parameter.

5 [00052] The header is composed of CC section and C1 section including mainly the following
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information: flight information of the aircraft, leg in which the message is generated, the state of
the bleed air valve, total air temperature (i.c., external temperature) and like. The APU history
information is composed of El section including the following information: the APU serial
number, service hours and circulation and like. The operation parameter for starting the aircraft
engine is composed of N1-S3 sections, wherein, N1 and S1 indicate the operation status when the
first aircraft engine is started, N2 and S2 indicate the operation status when the second aircraft
engine is started, and N3 and S3 indicate the status after the APU starts the engines successfully

and when the aircraft is running slowly.

[00053] The Al3 message includes a plurality of parameters relating to operation status of the

APU. The operation parameter for starting the aircraft engine includes the EGT (exhaust gas
temperature), the opening angle of the IGV, the inlet pressure of the compressor, the load
compressor inlet temperature, the flow rate of the bleed air, the pressure of the bleed air, the oil
temperature and the APU generator load. The parameter when the APU starts includes the starting
time, the peak value of the EGT, the rotation speed at the peak value of EGT and the load

compressor inlet temperature.

[00054] The performance of the APU may relate to other parameters, in addition to the

parameters in the A13 message. Taking the aircraft A320 of Airbus as an example, the amount of
system data obtained by the aircraft can reach up to more than 13,000, wherein, a plurality of data

can directly or indirectly reflect the performance of the APU.

[00055] As to the engine, there are two most important indicators influencing the heat engine, one

15 the service time, another is EGT (Exhaust Gas Temperature). From the physical view, the
service time is a very important parameter. When the APU fails, the EGT of the APU would
increase and be close to an extreme value. Therefore, valuable information can be obtained from
these two parameters. In this embodiment, the external influence, such as the altitude, total
temperature, loads of generator, flow rate of bleed air, inlet pressure, load compressor inlet
temperature, is removed through a method of partial correlation. The following result is obtained

by performing a data analysis on actual data of the APU.
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[00056] In this embodiment, a correlation r is divided into three levels: [r] < 0.4, which means the

correlation is a low linear correlation; 0.4<|r| <0.7, which means the correlation is a significant

correlation; 0.7< |r| <1, which means the correlation is a high linear correlation.

5 [00057] It is obtained through analysis that the correlations between TSR (service time), STA
(starting time), EGT (Exhaust Gas Temperature) and PT (pressure of bleed air) are low, however,
the correlations between an angle of IGV (Inlet Guide Vane) and TSR, STA, EGT and PT and the

correlations between OTA (Oil temperature) and TSR, STA, EGT and PT are strong.

[00058] It can be seen from the above, the angle of the IGV and OTA can be represented by the

10 TSR, STA, EGT and PT, when the aircraft components operate normally. It also can be seen that
the TSR, STA, EGT and PT are relatively independent relatively, and each of them indicates a
certain operation character of the APU. The overall performance of the APU can be reflected

through effective combination of these four parameters utilizing characters thereof.

[00059] Fig. 9 is a flow chart illustrating a method for detecting the performance of the APU
15  according to one embodiment of the present application. As shown, in the method 9000 for
detecting the performance of the APU in the embodiment, at step 9100, the following operation
information of the APU is obtained: EGT, LCIT (Compressor Inlet Temperature), STA (Starting
Time), service time TSR and bleed air pressure PT. At step 9200, the difference between EGT and
LCIT (i.e., EGT-LCIT), STA, TSR and PT are respectively compared with their respective
20  threshold values. According to one embodiment of the present application, the respective

threshold values are extreme values of respective parameters. At step 9300, each comparison
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result between EGT-LCIT, STA, TSR and PT and their respective threshold values is assigned
with a weight. At step 9400, comparison results between EGT-LCIT, STA, TSR and PT and their
respective threshold value considering the weight are integrated together. At step 9510, it is
determined whether the integrated result exceeds a first predetermined value. If the integrated
result does not exceed the first predetermined value, it is determined at step 9520 that the
performance of the APU is good; and at step 9610, it is determined whether the integrated result
exceeds a second predetermined value. If the integrated result does not exceed the second
predetermined value, it is determined at step 9620 that the performance of the APU is normal, and
at step 9710, it is determined whether the integrated result exceeds a third predetermined value. If
the integrated result does not exceed the third predetermined value, it is determined at step 9720
that the performance of the APU is in the decline period. If the integrated result exceeds the third
predetermined value, it is determined at step 9800 that the performance of the APU is in the fault

period.

[00060] According to one embodiment of the present application, the information required at step

9100 can be obtained from the APU message such as the A13 message. For example, the A13
message of the operation status of the aircraft’s APU can be obtained remotely from SITA
(Societe Internationale de Télécommunications Aéronautiques) network control center and ADCC
(Aviation Data Communication Corporation) network control center in real time, and the obtained
A13 message of the operation status of the aircraft’s APU can be decoded by a message decoder

so as to obtain the operation information of the aircraft’s APU.

[00061] If the aircraft data system does not automatically generate the operation status message of

the APU, corresponding sensor and trigger condition should be added to generate the desired APU
message. If the existing APU message of the aircraft data system does not cover one or more of
the EGT, LCIT, STA, TSR and PT, the generating condition of the APU message should be
modified to add the lacking one or more parameters. Since the APU message can be transmitted to
a data server of an airline in real time via ACARS or ATN, the real time monitoring of the
performance of the APU can be achieved. Certainly, the transmission way of the message can

avoid high cost and human error caused by the manual way.

[00062] According to one embodiment of the present application, the information required at step

9100 can be obtained directly from the aircraft data system without generating the APU message.

[00063] At step 9200, the threshold value for the difference of EGT and LCIT (EGT-LCIT) is

EGTRrediine: EGTRediine 1s an EGT redline value of the APU. EGTRreqiine depends on the model of the

APU. Different models of APUs have different EGT redline values, which can be obtained from
12
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related manuals. The threshold value for STA is STAwamingLine Which is a performance decline
value of the STA and also depends on the model of the APU. The threshold value for TSR is TSRy,
which means a corresponding time where the reliability of time-on-wing of a certain model of
APU is 70%. The threshold value of PT is PTwmin, it is the minimum bleed air pressure required by
a certain model of APU. Or the threshold value of PT also can be PTggseLine, it is the lowest
inherent amount of bleed air of a certain model of APU during normal operation. Comparison
between EGT-LCIT, STA, TSR, PT and their respective threshold values can reflect an offset
degree between current performance and standard performance of the APU, and further reflect a
decline degree of the performance of the APU. EGTrediine, STAwarmingLine and PTmin 0 PTpaseLine
can be obtained from related aircraft manuals or from manufactures. Certainly, they can be
obtained through actual experiment. However, there is certain bias between TSR,; and a standard
value in general, since TSRy is influenced by geography and maintenance environments and other
factors. Through long period observation and analysis, the inventor finds that the time-effect
model] of the APU satisfies Poisson distribution. The desired TSR, can be obtained from actual
data through utilizing Poisson distribution so as to obtain more accurate TSRy,. For example, the
parameters (such as a mean value) of Poisson distribution followed by the actual TSR can be
calculated firstly, and then the corresponding TSR,; where the failure rate is 30% (the security rate
is 70%) can be calculated utilizing the obtained parameters of Poisson distribution actually

followed by the TSR.

20 [00064]Comparison between EGT-LCIT, STA, TSR, PT and their respective threshold values can be
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done by calculating the ratio or difference. To facilitate considering weights of respective
parameters, the ratios of EGT-LCIT, STA, TSR, PT and their respective threshold values are

calculated at step 9200 according to one embodiment of the present application.

[00065]EGT-LCIT, STA, TSR and PT have different influence on the performance of the APU,

therefore, they need to be assigned with different weights. According to one embodiment of the
present application, in case that the ratios of EGT-LCIT, STA, TSR, PT and their respective
threshold values are obtained, R1, R2, R3 and R4 are respectively taken as weights of EGT-LCIT,
STA, TSR, PT, and R1+R2+R3-+R4=1. According to observation and analysis of the inventor, the
TSR has the greatest influence, and thus R3 is generally greater than 0.25; EGT-LCIT and STA
may have different effects on different models of APU; PT has relative small effects, and R4 is the
lowest. According to one embodiment of the present application, as to APS3200 APU, R3=0.35,
R2=0.3, R1=0.2, and R4=0.15. As to GTCP131-9A APU, R3=0.35, R1=0.3, R2=0.2, and
R4=0.15.

[00066]According to one embodiment of the present application, the performance of the APU can be
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11023. 00 11023. 00 11023. 00 0.00 11023. 00 Correlation,. 0.29 0.32
-0.01 0.55 -0.21 1.00 OTA EMAXO Significance 2-tailed). 0.00 0.00
0.19 0.00 0.00

estimated by the following formula:

EGT-LCIT .o  STA .. TSR . PT,

GTRe dLine ST A T SR

WarninglLine rt

PDI =R1

(3)

wherein, PDI (Performance Detection Index) is a parameter reflecting the performance of the

APU. According to observation and analysis of the inventor, if PDI is less than (.7, it means the

5  performance of the APU is well; if the PDI is greater than 0.7 but less than 0.85, it means the

performance of the APU is normal; and if the PDI is greater than 0.85, it means the performance

of the APU is poor and in the decline period. If PDI is close to 1, for example PDI is greater than

0.95, 1t means the APU is in the failure period and failures may occur at any time. Therefore, an

example of the first predetermined value at step 9510 is 0.7, an example of the second

10 predetermined value at step 9610 is 0.85, and an example of the third predetermined value at step
9710 is 0.95.

[00067] The method in the above embodiment of the present application is further discussed through
two examples hereinafter.

[00068]Example 1: the related information of the APS3200 APU is as follows: EGTregiine =082,

15 STAwamingLine=20, PTmin=3, TSR;=5000. The weight parameters respectively are R1=0.2, R2=0.3,
R3=0.35, R4=0.15.

[00069]The APU message of the aircraft is obtained remotely from SITA network control center or
ADCC network control center in real time, and the obtained APU message of the aircraft is
decoded by an ACARS message decoder so as to obtain the operation information of the aircraft

20 APU including: EGT:629, LCIT:33, STA:59, TSR (time-on-wing):4883 and PT:3.66. According
to the following formula:

EGT—LCIT+R2 STA +R3 TSR +R4P§;"”

GTRedLine STA TSR

PDI =Rl

WarningLine st
it is calculated that PDI=0.85. Therefore, it is determined that the performance of the APU
is in the decline period, and maintenance of the APU of the aircraft should be planned.

25 [00070]Example 2: the related information of the GTCP131-9A APU is as follows: EGTreqine=042,
STAwWarningLine=60, PTwmin=3.5, TSR4=5000. The weight parameters respectively are R1=0.3,
R2=0.2, R3=0.35, R4=0.15.

[00071] The APU message of the aircraft is obtained remotely from SITA network control center or
ADCC network control center in real time, and the obtained APU message of the aircraft is

30 decoded by an ACARS message decoder so as to obtain the operation information of the aircraft

APU including: EGT=544, LCIT=31, STA=48, TSR=2642 and PT=3.76. According to the

following formula:



tiff 11023. 00 11023. 00 11023. 00 11023. 00 11023. 00 0.00 [00056]

In this enbodinment, a correlationr is divided into three levels: rl
<0.4, which neans the correlation is a lowlinear correlation; 0.4al
<0.7, which neans the cor 19 is a siignificant rrel gti on; <1,

whi ch neans the corPch@II:aRiJIEJ@TB1 Le #g&z—l—i—égﬂér—c@m i+Q‘ﬂ4ﬁ #.00057]

It is obtained through anaf@dret hat tHelicoprel at Z68s bet wBBn TSR
(servjce tinme), STA Cgstarti n(? tinme), EGI (Exhaust Gas Tenper at ure)

and P98 ¢ sLsadcwbteq thab BDET(. Y2 dheraferss it hodpicranined that e peefpamransa ot the APU
bet weeny A, a3nal8 gof AP 4 bok Eﬁkj Vane) and TSR, STA, EGI and PT

and théS corrélations @eé?v\een&gfl " tenperature) and TSR, STA, EGT
and PI00EBe Gompargd W}iBlO@EBhribt artatin biee sethvod obihe hieovabenenditnbet ah@lee present

f the | d b ted by the 10 TSR, . STA, EGI d PT, .
when ' AEPLEEERa P o ddn STie. el RO raPrAFed) i ek G ihg PI3b i obiained
that thQecoldiRe 1Ty aleel BRUIE Tarfdl el BlASHIYREY PDTgﬁaﬁH}gﬁQ& wi lttf}%EYeﬁLﬁ%xmined

and each of Themindicates a certaln operation aracter o
The overhik) thomfdrer tina mosthat canhacctisly deteheine dlid parfearthahde ollthh ASTH datedvm the

£ 00050 R g% feiv ety e MR brterainet B ARG, oy SIS sssage of
the pebpaaiBs@ulof ihieaifirif AP AR AhS0reh Rt e RAPAHMRAchhn thRice working

present application. As shown, in the nethod 9000 for” detecting the
perf or edcead sahange thepyprkrelii¢iencanemaparedhwith gbtagtiegpmenedly. t he f ol | owi ng

oper giq i-Afor { O f PU is obtained: EGI, LCl r or

I El efé dpgfﬂw]peﬂft &fr@?d,e %‘I‘EX t?@? St ng i H@L)u?ncseemﬁa%uémtgi F%u#rss&?gﬁg Ef‘" efpd PT.
air pressoidighd.ondlenthio8iinéR 00 thet fresedt ifigicemas thahvwaardESeT and PGk Tonverted
(i.e., EGI-LCIT), STA, TSR and,  PT are respectively conpared with

their e yaRes yadep thesandarinoadision g thusde swaevsghe effesi of aligusteiand tempsrature,
t he pr | I I I r

val uos o ReaBRcF Rl ot ltnd EARTERLYE! YEGT TR TEr KRS, B SRt P merer
result = Ts0eST. T.1an i £S0ect ;v .

b oshala ool g e Tt S0, e e B i daf Eod B0 Shl Mber ityde and

resul t?ﬁﬂ?&%ﬁéﬁl%%ls%%ﬁ!b Ie‘lée]eé‘l‘;@ﬁ%a%ftagﬁgrd;}g%ind their respective

t hreshol d ue ‘considerrng tlﬂP'egrat ed together. At

st ep[(@B1§)] Adcoidingles eneiengddishait e the heedcnt ?ﬂﬂﬁhﬁ?&h, el theeXeRREAS condition
first predetermned value. If the integrated 5 result does not

exceedhiing therdtitupe efiehetdriangdhe/ ehiperatirt of SOURtRE SrfRdo@Forsh@PoBe®T is as
that the performance of the APU is good; and at step 9610, it is

det er nfqigsswhet her the integrated result exceeds a second

predeterm ned value. If the integrated result does not exceed the
second predeterm ned value, it is deterdfdfEttiat step 9620 that the

performance of the APU is normal, and-gt;A%gR;9710, it is determined
whet her the integrated resg%g,_e eds I predet erm ned value. |f
102} he integrated result doed Rét{sexed the third%redetern ned

value, it is determ ned at step 9720 that the performance of the APU
is i nOPP®ldecl i ne pemibsein FTqwhis thatmsesaeendeedie eltitvdeeefl§ mitsrt ALF ds the

r edet gt:nj i Lr.:lSq.d L 0. t.h t he . .
e o AR ey bl AT LS SRRl ol iy e
one entumdityremt canfbet29e gl’ieﬂi@rﬂxsz,éﬂ)mthéﬁ(ﬁjhﬂﬂlent;hﬁaﬂlﬂfaﬂﬁmﬁiah% graqui red
at step

[00077] Therefore, the correction coefficient & of the altitude pressure is:
ALTX0,3048

1000
RTAT+273.15)

25 o=e "
[00078] Considering the effect of the temperature, the final correction formula of the PT is as

follows:
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15 9100 can be obtained fromthe APU nessage such as the A 13
nmessage. For exanple, the Al13 nmessage of the operation status of the
aircraft's APU can be obtained renotely from SI TA (Soci ete

I nternational e de Tel econtmuni cat i onspﬁeronauti gues) network contr ol
center and ADCC (Avi ati on Dat a BfpmehicatPdn Cgsporation) networKk
control center in real tinme, and the ®btained Al 3 nessage of the
operation s oprt h { ' : e y ]

decoder 208%@%&@ ?’oﬁgﬁfgsl ?}ﬁ"{ g%ﬁ%t;t)eedfg{%?%naquég%ﬁgt :‘&gﬁeg 191t f“l@cﬁﬁ%ﬁgﬁg'tg the
APU. [ 080Bthtuld andlvan &k celcalhted datthe Ryiotvéng fdeaslanot aut omatical |y
generate the operation status rressa%g of the APU, correspondi ng
sensor and trigger conditi oAPdtoelld be-dddéddo géferate the desired

APUgTess a0 b ) BT IEAR A%, LU el SELA R con

gener at bogneasietl thirouphodxpeligieABUA BESSiAg 8o 9h6 ¥hmbodigeaboNMEidréseet Ayfplidsiehn, al
the | acking one qr nore paraneters. ,Since the APU nessage can be

t r ansmi Pascl qreerpfdQ; eblshasigrordsr 05403 andichds beiweend and e vi a ACARS or

ATN, i i Qri r . h

AT 0801 cbed T oDl O 08 Y b OBPSBI AT IGR L0 B30, B8 o o
hi gh costvested ittotercoerried PTay amdbr hye dthrelardstatad acvayding to HRAMNG2E).

Ac i tQ one enbodi nent .of the present application, the

i nﬁ@i%ggbméﬁﬁﬁef;%l f‘nglﬁé’lg%ﬂ’éf@)go@é(‘f?: be obtained directly from

the aircraft data systemwi thout generai#ng the APU nessage. [00063]

At step 9200, the tHEHhel LOTHARGT oplther d{PEf enkB, Of EGF)and LCIT
(EGT-LCIT) is EGIRediine. EGTRediine i s%an EGT redline val ue of the

APU. EGTReGhdigind nd DiAf |

APUs have i TForent EGr tgggﬁiﬁ%ﬂa\%gﬁigesgndaﬂﬁﬁ:gﬁ& o PG the ot lheed to
r el at ethertamperagire, Thired, thrag $hBTdin Veathedowent bETA airsprEEatAmemodd whenthieadngine is

is a perfo ng cline val ye of the. STA and,.al so depends. on t

rodel " SPEhIARY Bafte BF ARisbRe et dit o Fefife T ep BRORSIER: hbTirsprasent
cons espeylitatich, theBandB F &alue of @ld FPIY 20-50, the FAdPR-dTVaesE @ p2 i§ 90BN The
model of APU is 70% The threshold value of PT1s PTK', it is the

ni ni nuResHserlegsrofpleansd pZecancpupbtaiged yhrosetaexnsriments. Fodetanyfle, Apffere@ EGTs
the threshol d val ue of PT also can be PTBasth,,,, it is the |owest

i nher efn knditisinedbat different alfitodes meinteining aretainalowst owpw andrtempenabrered 50°C.
operation. Conparison between EGI-LCOT, STA, TSR PT and their
respecthde thdmRsRMIEFR MeSofdarelalitete BET leiéreﬁ'l% %%ﬁﬁult%eéf“ﬁ)@@ fhnd under

e furt

current perfornmance and standard performance of t PU, an er
refl ec I d D f €..qf PU, EGIR
i PASh RG] 6 Ol PRI LT B ARETRERT o
r eb@t eadjastmentadoefiichent il ghe@orréetivm fornulf asd be eistainé®rt ai nly, they can be

bt oib0i o EOYaa0a Sl R e S HngereraR, since TR 1 15
i nfl uenced by geography an i, nt vironnent g, and ot her
factors. Through | ong peri%Edgg‘%s_ear 3%??%#922’143%0 al ys(i%g, t he inventor

finds whetir MATtknee efbrat tamieduef a2, ARLS alel &ifuseielUosHRIknts and can be
distribution. The desired TS12,-, can be obtained fromactual 15

data tHEeUEH throughz exsrimsntss dyecanding [hone embadimest p§ tbPegsantnanpéication, the

aceur : ) adeter S a val ue) of
Por b oy S s OTRE-CHE TR, fngh DO PRUPE sl e fgds BBV 2 o

fi r sf00gg2]adhdnhedoriting ther ceespteddEGT TR AT, whe rferniiie (BRichkre iéidttdnSas the
30%(tg§ security rate is 7099 can be calculated utilizing the

obt ai @A PHanmet ers of Poi sson distribution actually followed by the
TSR. 20 [ 00064] Conpari so t ween Eﬁ?ﬁéd T, STA,, TSR BT and their

respective threspprd x cocan A +38 at g e rgpo or
di fference. To facilitakelgoansi derSifg, woi.ght s T8R,r esp@@L,i ve

[00083] According to one embodiment of the present application, as to the corrected PDT, if the

30 corrected PDI is less than 0.7, it means the performance of the APU is well; if the corrected PDI is
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wherein, PDI (Performance Detection Index) is a paraneter reflecting
the performance of the APU. According to observation and anal ysis of

the inventor, if PDI is less than 0.7, it nmeans the 5 performance of
the APYréferwRid 0.7t f8€HERD. 8, & HERHR pdRARatte Hrighd A?@Siﬁ nbB@E: 9 1 eorrected
it means the perfonnance of the APU is nornmal; and if the PDI is

gr eat ePRlHagrépt@3han 0. 8retamsanstbe perfosramae o€ ARU ishpookPiodiis ip ther deetide ipariod.

t he dec) i itod. |If PDl | l.ose to .1, r .exanple . PDl is greate
than 0 AT 5T 10 frealet, haR-0,85. i REHEES et ATRD 1588 T ol podr By, an
occur akaaple bf ks fitfteprRiaeanindd KRR @te?f 64e if B tapPeraRpIer 67 AR second
value at step 9510 is 0.7, an exanple of the second 1lOpredeterm ned

val e a@redstespingd 1oluest gtepsy61@ a0 8namkampramnmé of the thind predpteadimed valuaetl step
val ue ab1§t&Pe 9710 is 0.95. [00067] The nmethod in the above enbodi nent

of the preser’n% ‘application is further discussed through two exanpl es

her ei[0G84ErFig] 006068] flovarhhe illustlatifg hehathed fblnﬁéteaﬁ%gi 8 1péffc.trdaaqcéPchBtﬁeQxPU
APU is as follows: EGIRenne =682, 15STAWAm ngLi nC90, PT/ A n-3,
TSRA=5669rding do @Bothen onsasrabrsdiaend qfdhe aresent application Rhsshown, R fie method 1000
R3=0. 3 = U he _ai ft1hS..0bt al ned
ot oy Tranrgti natuarke 8 e APBIIRAE ehboddnl ol 6 J0tb ot SpBR o e
cenber followiegbptratie) irdochatibe of ﬂieaAhTédireﬁPMaiﬁES:SHQb € SﬁA,LHTGar&i the 1@Vt anigke. The
decoded an ACARS nessage decoder so.as tQ obtain the operation = .
i nf or nt9 @*F faunigg oppLafen syompilion, R thgi Ay shesyn gndig. Pgan:besapplied in this
STA: 59 embsiind{dnt Me- on-wi ng) : 4883 and PT: 3.66. According to the

followng formula: PDI - REGI - LT + R STA +R3 TSR + R4PTI4;"
EGTRE®08 ) S xdoprding tughe epSRiqrPinciple of thei AP1¢ ahe BIGHt @PU BahaulPOGa0TdMperature)

Therefore,.it js determn hat t he. perfor c the APU is .in_the
decl | nd FhpisaleR BT EIeh PRt gt inEnagsg G U SHREE e EGHGHir e genect
pl anneehe Kéut [(HBQYMHom¥amidhecBeichdiCof BleakvBble! APOT WREH B2 BPUL ferates at constant
GICP131-9A APU is as foll ows: EGIRedl i ne=642, STAWAr ni ngLi ne- 60,

PTni n=tationrgred =Boo i weriihe Weatginerayaeanversimselfisispec of thel 4 PHrie, Re-lighEr the
R2=0. 2 = =04: 000711 .. T. f ircraft i
2T o7 S s SRl AR RS Sl Ml B0 o

cont r oinletednighy ofl the 16¥] totdnbire caBthchth@ilbhdtaicoad tARY" aRs 8RB oft the IGV in the
aircraft _is 30 decoded by an ACARS nessage decoder so as to obtain

the opérat PEAMPirsHaReelen chingedediggtingrthe APAPY dloreita avergeat Elt?xltumqi, need to be
= = =3.7 1 H
ng?J f’gl;ev%%r ﬁfém Rlxg%ga?ﬂ’%cfﬁﬂg fﬁ"é ] 51 gara@%%g) rr%%@&g%\g??rgﬁ pe%ﬁﬁlce of the

EGTRe AMP ST Aldeninclpides hE SR BT {6 OF Zhe sthrting maatbs; thepeetbrinhade FBheQeatBox, the
Ther ef o it t% determ ned.t hgt t he per.formance of the APU is
¥ Ak 6

nor mal SGieCY ALMASETBE ] cad PASFTH U0 PDDETSpeESFRE} Bt HFE Of fgbines)
prior @hé curkdht pBFoRINGE dn®@Ehdnldm ARG AP ABUERALOENERE R&RfNhonitoring the

four key parameters EGT, IGV, STA and PT. Moreover, respectively monitoring the parameters

25 also contributes to determine the failure sources and find hidden failures.

[00086] At step 1020, it is determined whether one or more of EGT, IGV angle, STA and PT change
significantly. When one or more of EGT, IGV angle, STA and PT change significantly, it is
determined that corresponding parameter deteriorates.

[00087] As to the EGT and PT, EGT,, and PT,. mentioned in the above embodiment can replace

30  the directly measured EGT and PT to remove the influence of the altitude and temperature so as to
obtain more accurate resuits.

[00088] As the service time passes, the performance of the APU gradually deteriorates. This

characteristic of performance parameters of the APU can be reflected by the following formula:

X=p80+pl, (10)
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5 application, EGI, LCIT, STA TSR and PT are obtained in real tine,
the PDI is obtained according to the above fornula, and then the
obtained PDl1 is conpared with the predeterm ned value, therefore, the

met hod can agfevial ®liy afebRé B IR Kdre PEL f®F BRNEE Vel g 1@‘% Hﬁéﬁgtl&pnme of
the conparison bet ween the PDI and t he predet er mi ned value. In

addi ti ey tﬁmﬁm@w&l&&soﬁﬁﬁaﬁé ﬂBp&%ﬂEé{ c%O[ﬁe Ellih%gﬁfgrtfe'ilﬁ tfpﬁp Ahleters.

i s obtai ned renmotely in real tine, can reduce work |ng 10

and ?@%@Tﬁe}ﬁ ‘f"dl 5 Stlef difib &G ¥nt Gpg}%ggl%gﬁn faﬁaﬁh&t%ﬁ' i {Iﬁggtakl.lﬂ)ﬁfzst Sf one

[ 00074 e a t|t e and tenperat ur ence ’rre resu

of t he peGmetma! BGT, BFA0PTiand IGY obreneeinh adierteintperbd hﬂa:eﬁtmﬂ&sa@to obtgm £1.61 is
appl I cation, red EGI and.PT is converted_ into val yes under

£ hES st SHERMEL COTPE R Toaand § 15 CHETOMEhhob b eaBeica Pt ELHS T4nT and
t enper & @gniki € H&Hi fElentd) g

AL oy o A B R G en oo et 21 MRE A R slope
50C cardhp eefgmne@ slope scaldubatet atiltzngidate nfithei A havidg @bbeé opehtion cehelitiomd The

t enperat ure ect e sta d condition. 0075]
Accor dl?lﬁt ©8 °6 ntg @%&50% ﬁgﬁs?ﬁagloﬂr(gltgﬁfmﬁf)g‘l%ﬁé?cfﬁlﬁo cﬁ'ﬁg%rﬂl‘% 8@3 6% bther
standam@w@ﬂmbgmﬁ@nﬁgw\ﬂ&m@aﬂ@jt|tude of O neter and the tenperature

of 50C, the correction formula of the PT is as follows: AL Tx0.3048

10@@[%{0?%@@9@53 to ppEEmbofimmE ok ﬂee pm;er{t appligtinheafesr the PIPU @ instatlbé and

g{ Sﬁzgi’%agﬂ%ﬁﬁ? 1 e%f %AEF&EH%??T? %lg%a néflfr‘% é)l,aé%eft,t(grg (Sgco{r% qd_gre avera,gede and thus

t enper adspetive rrnﬂual vilac aif Iévétyqiakdrlyetaﬂﬁ dbddindiPa?Bheiretpectiefedendd vaducs. The
t he adj ustnent paraneter and can be 8.51. [00077] Therefore, the

correc?‘inSHm&fé?cfoFQﬁdd?ﬁafBet%‘TIStlﬂé’rEloﬁtude pressure is: ALTx0.3048 1000

R(TA gab%@g}r ]@‘lahgl%scan b%rm)ta[ll%hot@u§§? #ugﬁ?{aong%t\%%g tﬁ%.gl?ogg%%];‘n% %%}Flg\él‘,\fg%'s and the

t enper at e final correctio
15 reference value. These variations conform to the formula (10). Their slopes also can reflect the

changing trend of parameters of the APU. Therefore, in this embodiment, comparing the slope of
the variation of one of EGT, STA, PT and IGV relative to its corresponding reference value with
the slope of the reference variation, it is determined that said one parameter among EGT, STA, PT
and IGV changes significantly, i.e., said parameter deteriorates, if there is significant difference

20  between two slopes.

[06092] According to one embodiment of the present application, the values of one parameter of
EGT, STA, PT and IGV in two consecutive periods of the same length are compared as
independent samples. It is determined that said one parameter changes significantly and
deteriorates if the above comparison shows significant difference.

25 [00093] For reducing influence of fluctuation, perform smooth processing to the values of
parameters of measured EGT, STA, PT and IGV. According to one embodiment of the present
application, perform smooth processing to the values of parameters through adopting multipoint
smooth average rolling mean. The amount of multipoint is more than 3. According to one
embodiment of the present application, the values of parameters are performed smooth processing

30  according to the following formula:

X,..=ClX

new sniooth

+C2X,, (11)

wherein, Xqi¢ 15 the value before smooth processing, i.e., the measured value, X,ew is the

value after smooth processing, Xsmoom 15 the smooth value which can be the value of an adjacent
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= -PT + APT (5) 5 wherein, PT'r is the corrected bleed air
pressure, A PT is a function related to the tenperature and can be

cal cul ated by the following fornmula: APT = alTAT2 + hi TAT + cl (6)

Swher eipdint TAkhi & th@@r@iﬂﬂsgféﬁnﬂ BETRE sAbbihEproddssedoAnd@d1sh €dn B¢ fhe average value of
adj ustment coefficient and can be neasured through experinents. _
Accor diPegts erogad therayagnineaet (et thh eupens peint), é:ﬁmnﬁgéa arerthe gelghgmlﬁm and C1 is
or der , f _af - and cl is between and - 1.

s} Co0 ARSIl F-63,

[ 00079 en al can ai ned through experinents, the
meas (0G94 PTAC step 030,00 ¥edétegnihet ehefher GRIFeeRiREndR TG 0he ANIQEtctiBites through
standard status according to formula (6). 10 [00080] The correction

f or Prul £OBHAEBE Wiethes opg pf wRks offetTT,STAs PR@RAIGATdRnge gEnifivantlyp2( PT, ", .

- PTIﬁ%;D)g : [ ' h .t he st andard

conditi o&,i)%\écl%dlm% st%\?ﬁ%eefe?}lr?gtﬁlﬂ%er{l Tré)eifgl]{eegre%&t %{ebq]t%ét}r%lérl t'tir e,erg'ﬁ!?éiq ,that the
t hat i pefamance sf theeARddeistiolatesadd dier APU ésithedéctiagipesel g ohdef EGT, STA

' ' h dj fficient.
Accor P Tgith 16 e B ACBRmEHE Blog s mboggmegi i G et enalioatinmet is
of val weRnRfned it Ae pS AR of:)tgg APNH&eR rafé@laHgtt Aﬁmﬁ%tﬂesdezgﬁelgegjod if

The specific values of pl and can be obtal ne rough experinen
Forl0 exaipl deterdiritbs rArvordi@ ¢ esnthdyeendintdanerebfdhe gickémtrappticaiohj it usldstermined

[ ' t ai t put d ture of 5QC. Then, the
reasur LRt ArerReror s R g R (HERHANBAM GHAAT CRd: HErAsEhas PR 23pevo of
and ungeT, SgA, Pewal IeVesssHRate ANELr ARy ENANARS eﬁfbohﬂﬁerll%@tlﬁgﬂ%%?@?pﬁlication,

tenperature are regressed, so that the 20adjustment coeffici . .

t he coftigdeteamnedhatithg pedormpmce bf therRl) dp@00B1S aABUT ABY ibm the decline period
cal cul t 0] | owi formul a: AEGTA= a2TAT2 +b2TAT + c2(8)

wher ei ﬁ%b%%lhﬁf]?grtaﬁgﬂr#g#eer? ar%?'errperature, a2, b2 and c2 are adjustnent

coes {(00PentEheanethcdshdwn HERE DeEd 10NN B8 WBEPShivMM%s yAS ¢re aB&iritely detect
one enhodi r’gfent of the present application, the 25rangé of a2 is
O

0. 005- Begsriofmance ghghe AfUp2 is 0.5-2.5 and the range of c2 is 60-100.

2008 SO ol D0 Ao Ty o0

according to further one embodiment of the present application. As shown, in the method 1100 for

2

detecting the performance of the APU in the embodiment, at step 1110, one or two of EGT and PT

20 of the operation information of the APU are obtained. The method for obtaining performance
information of the APU mentioned above can be applied in this embodiment.

[00098] At step 1120, the EGT and PT are compared with their respective limits. In particular, the
EGT may be compared with the EGTreqLine, the PT is compared with the PTreq which is the
lowest bleed air pressure required when the engine starts.

25 [00099] At step 1130, it is determined that any one of EGT and PT deteriorates if that one is close to
its limit. According to one embodiment of the present application, it is determined that the
performance of the APU is in decline period if any one of EGT and PT deteriorates. According to
one embodiment of the present application, it is determined that the performance of the APU is in
decline period if both of EGT and PT deteriorate.

30 [000100] According to one embodiment of the present application, as to the EGT, the formula is as
the following:

EGT,

Tolerance

= EGTRedene - EGT (1 2)

car

wherein, EGTolemnce 18 the margin of the EGT, i.e., the difference between the EGT and the

EGTRedLine. Since the control system of the APU can prevent the EGT from overheating, it means
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EGTReanmeST Al | ' am ngLi neTSR, [ 00083] According to one enbodi nent of
the present application, as to the corrected PDT, if the 30corrected

PDI is less than 0.7, it neans the performance of the APUis well; if
the corkhRah&APTParndt oBfafAkBFc W& B mchilink§8Q diD Sheh thd BRI syst
the performance of the APU is fr)lor na]% i tlﬁg cor rleg{l}gg' PDI 1S gr eater "
t han 0.bgginhingnteawmerkt Abe pomfeo ofdhe AR grddually dpoeaseanrs seiyidentinbgasses, which

decl i ne_perj,o0d,-And i.,f PDL. isS gr er .than 0.85, it _jndicates.that.
o0 | o et R Ang Ringhe dtiphBoeE dhpls e Bmeatdhe AT UL % fiE R betiod when
predet e EOTH, YAl YRIRE t6dep 6510 is 0.7, an exanple of the second 5

predeterm ned val ue at step 6610 is 0.8, and an exanple of the third
pr e 8 94N fi hZh is\aa ippodent pargmeser pohangh@ABY is jrobogaglineingriod0 is a flow

char o ACAI R ol A, 5K G B8RS, OLTRRSA, AR e

shown, folioviihg met hod 1000 for detecting the performance of the APU in

t he enbodi nent, at step 1010, one or nore of the 10 foll ow ng

operation information of thefAR.areléhtalhed: EGB) STA, PT and the

| GV angl e. The nethod for obtaining operation information of the APU
shown i n ¥igjeingP Enpmineisdipmatgin ohthels ienthsodifference pgvpeesihe Rl andithadowest

to,the ratl inci-pnl.e ) APU Exh t S

Terlr%er g%ﬁgeaﬁht #)géggﬁéir?}g%%da‘ﬁ? %E&Eﬁﬁ@ lgF Strde}-%l 5‘5}- i ‘%Sgl‘%‘g’é per 1 6r e gfeflects
t he APbperSiinc statubef BGSTABUriechd gedliat lpeddd. WhehPThealk. ©rEisgYo 00 ™I ehould
efficiency of the whole APU when the APU operates at constant

rotati ﬁr‘%”baé@ . The | ower the heat energy conversion efficiency of

t he hs1, hQ \, f e [ i

syt EDOLDAEASRISBINS callbedlifond b udEFLe T, TR R Mideituce, ALT
of t he(AlBtude) ahBTiobtainedrfieathennédsages thad EED.,~ bh¢ 4P P Rpc 3.2 Asngtdngfo the

the | GV i he APU.par.an rs_can reflect chan i ndj cat.i ng. t he. APU )
| S5 o3 P R AT, koo R o5 6TBE B et G IR Anbus stats i
over hegbi MPcan b€ obthivell SacBordipefiEloRl thidl besdrintGitdl NRriB¥ R that the redline value
performance of the APU, which includes the performance of the

st art i B§Tmatieof ARS 208 AR nnftd loican he oftamadofkom tthe abdviei @iabntign drntue that

of tur beneeprrd i FR AR Tl blorR i BRECR G TR Ehar i A A

can be(ef thedegde ihwhichhit WRMsE &F § 1600.0978.2f D&IT adoRy 2 Peg. DIEMET &ideiade, bbfAVGS the
STA and PT. Moreover, respectively nonitoring the paranmeters 25al so

cofl ri Btlendi ol deterdorpterpaditheAPY) 15 i thegdsglinareringang ishepld bg demaced at right time

failur . ht kS determ ned whet her one or nore

of Ea?é?s&qglﬁéﬂétﬁésﬁhgﬁgﬁg@%%gl%%% significantly. \When one or nore

of EBD0104pThengtkod SloAvraindfigil ScHatmpebesusgdistindantdusly iot mbs det@taly d&dct the
that corres ond(%jng B%mmeter deteriorates. [00087] As to the EGI and

PT, E REF PTHED ntioned in the above enbodi ment can replace 30
the dionesd) YCHRAA SeaFETRRGHRT b8P e Mithdd iS4 0REin%he eiodiment can
altitude and tenperature so as to obtafn nore accurate resu?ts.

[ 02D88pbtam EGE ofehe iAdRI tLGHE, PAds SR, Peargetht angiendahe iGVhia diHUime, and thus
gradual | y det.eriorat Thi,s characteri stic. of Berfor rr.ancgg%ar aneters

of theP dresior, of Pl PEHOBRANER 1 GF | AR HFgR TP SesSiRg ety parameters” and

11t (188termine whethéh @leChdHortiahde &Mhe WL Q4 it IR delline pdfbd, i@ ead S¥port the
angle, tois the installation tine of APU, )3001 are fitting

par amemeinéenapceiofithe ARY for opgingess fratthiin gnsuteenartmahepengionradla APU so as to avoid

opl | carpRnd BB e or i Bridn, RedRGTORaEyaT Hrslinangy aBEFTion copprol can
angp | Qve perfhiRe dhiolglR eCATARINDHMBE h&torafabced bt 8 WM, Wisich ViPRpAIftantly reduce

)31.131 1s
maintenance cost.

Exampie of the crew oxygen system
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5 conpared with the reference slope, and it is determ ned that said
paraneter of EGI, STA, PT and |GV changes significantly if there is
significant difference between )31 and the reference sl ope. The

ref enegmech! FRE 12Sis Gachéthatetiustdtinkz] ]{)Eggdiﬁ‘ﬁaﬁ’ceocfur@é‘@f iﬁ@léré\@l\’)k%ngs@@@m Every

operation condition. The data can be data after initia

i nst al loxygansysten kas asepriginlPvel i ganlegkageathetpforehwhetatha tahpearatuer is ARlgd giressure
th del ki 1. 10.] 00090 i t di t
bt ho CraRiE B b S iced ar Qe BReLs S5 Inahat Fl Cang RdFRiTGiadses PL=
h Mdbabtiniadd o o al i
ner oot bR ihehifl kWi BYSELINX, OF pbAbl e BPOATRG SudSEg5 R san suvte

obt gi NgEia® Wh&i ther @spesital EQaﬁ@@%{?ﬁlﬁﬁllY@h@f@é‘ses,Ttﬁé RABHAANCE o1 1BE QAR Axyoen
parameter is 10 or nore. F ariations can be obtained through

00091
conpar iS¥Hem satefedsicn tatigupermg e}lwn et gasdeakpge mtid FuHe larerrthdres 8weshold Prg, the

val ue. ri-atio conformto the f la ((1Q) ....Their s]opes .

al so cg%lt}?lziﬁn\égt()ftatl‘%é Cg "én"gﬁyﬁg‘l SYERE 3 erf)%lil#gtpeeﬁjgg’oraﬂtuﬁeenw .ap%en, which can
Ther ef duftyentd) safbysofefliphdhite edsily @8 funbéhetiliied shMendtce ! ARl 1haE retultdR delay of
of one of EGT, STA, PT and IGV relative to its correspondi ng

r ef er eAFEANdebGRE igreundeds| Ipparessnt tochnolegy rthereds wardryt mewns fot dgtest if the crew
det;gr m,n t{}@t‘e | a PT a 2V . ch es

i oo 7 oegn o e Bl BBl R “BRSNcr lecp Bl 1o Sy o) def B HE Bresen
si gni f ircentioitliif detectin 12 odxdileeen two sl opes. [00092] According to

one enbodi nent of the present application, the values of one

par ané08H0df AEGTtheSTY oRsReasstE@/thenletegor parsmetst isvaasijzeotitaided. dthetphessure of

same | C ared as independent sanpples. It is,determ nhe

That s b8t SuFOTRRIAE RS SOCCERBIRT 1o iR By Bhinerelrsr 1P B Sl proppnge of
above dmngawi Ggacs B@en s8ipoe tHecpatsutt bf Bicedk§Ben 2RildePAPRe &% oxygen system
reduci ng influence of fluctuation, performsnooth processing to the
vall¥ies f%@tei)@rtaﬁé%@h?fgaf@fes MrealenwemtEsPl oxygen ipthapeyesorylindas onest hg obwined at
one e - ocessin :
one ETHGALTR It P BB AR LB SILRE T STRORL RERA o
aver agéheratw iorggamesystem] Taerafaveythe efmpadtinepdioRygdnSin M €xyigbARyBnder needs to be
Accordigg to,one enbodi nent of the present application, the val ues of
par anefdfdated Usige Ofer Reas e {MRTFY¥Es si ng 30according to the

followng formula: X',", = ClXs",00d, + C2Xou(11) wherei n, Xol o

is tfﬁ@o\l'gﬂ]ue belhosamsisiematioh qfrtbe gesiting of ithe oxygehecyhmdaruinettic \cadwi@xygen system,

Xney, is the yalue after s h processi sppoth is the smoth .
vafle ifetiifelfotcefhiilaf T e e i Ralt S BRR e BetrfCHing ved to obtain
previ otz d@g’géﬁ&n@@faugem@bhyggmgg@d and al so can be the average

val ue of points around the current point (not the current point), d

and C2 are the weight val ues and Ghlitstlgfeat er, jhan C2, for exanple,
Cl=0.8, C2=0.2. [00094] At step’ 1030, it is def&rnined whether the
performance of the APU deteriorates through 5 considering whether one

or nor ghefe, FseTs the bhbidnt aptenbEAuedIaNU8 térh@hthiCRMidY the LRBRRSI Tc is the cockpit
According to one enbodi nrent of the present application, It is

det er mengdrdhinaf ktdnd kperé adjosneat pirambrers dild ket ey or At@sdiapdo bhe eABbliment
is in the decline period if any one of BUT, STA PT and |GV

det®er i of theawesenicioventiong ki © kanbthdtas, therbnyiensanpabturq @ ipresedtto the ambient air
application, it _is determ ned that the performnce of the APU

det er i BPERCESUTENER! tand thegorkply fempesataiecTe. radpibeasebiett alo t@perature has greater

deteriorates. .Accordin o_anaqt her enbodi ment of the present
appl i cHEVgRFe (g moge Rl hetriapthehBepr VYR foqudasotlsq pan ppused fo calculate

deterigr gng PUis in the decline period if any two of EGT,
STA, P eg’%ggﬁ Hé{aglrr?orate. Accordi ng to anot her enbodi ment of the
present application, it is determned that the performance of the APU

deteriorates and the APUis in the decline period if both of EGI and
30 [000109] According to one embodiment of the present invention, k; = k,. That is, the formula

(14) can be changed to:
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30 [000100] According to one enbodi nent of the present application,

as to the BUT, the formula is as the follow ng: EGITol era“ce =

EGTRedLi ", - EGIT, 0, (12) wherein, EGITol erance is the margin of

the BUT, i.e., the difference betweemiihgr BUT and t he EGTRedune.

Since the control systemof the ﬁﬁﬁva?—m eveld)t he BUT from

overheating, it nmeans that the APU cafinot obtain nore power by

i ncr easihegs, kue thecﬁdﬁus&uﬁﬁ?ﬁram. Ab&rdiapts ohe SIROLLRYIpRREMAnYEhtIWA! Kis close
The power of the APU gradual ly decreases as service time passes,

whi ch fanZachied kakaandda ican beebtained fhieugonpasyremant prestgistcaliapalysigns t he
APU is in the decline period when the EGIroierance is close to 0. 5

[ 000101] PT is an inportant paranmeter when the APUis in the decline

per 5 §aN011 000 102dcoAting tadomegerntimdimentexfilocprersmt imfentidre kp €STEdn formula (15) can be
application, as to the PT, the fornula is as the foll ow ng:

PTTokr & "B’@e‘jﬁ"FReg(B) wherein, PTToierance is the margin of the PT,

i.e., the difference between the PT gpd#.he | owest 10 bleed air

pressure required when the engi nel st-art+s— Th@6agni t ude of the

PTrol erance refl ects operation status &f the APU in the decline

peri n : : .
o009 B ams TR Kol RBRiAR iped 08 0T R0E (18, MRERRE R e precise
( Ext er tiwn theseperiatlated fronAltle {olinulat (Id¢)andribe Binold GiNet érmoogh tivethe system for
nmessages, that. EGIcor= 654.49, PTcor = 3.27. According to the 15 .
ced] ch ey RESTTBRRERO G CI MO BB FB I (e aE eGP hECaFespHanvention.
A3191q0on ¢xjaf Aref 1y bkay%senswﬁemr% 13- dbtaihbd,CAB BEw BBk §HcREeOMEAfSed under
to long termexperinmental verification that the redline val ue
EGTRedgﬁEer@ﬁ tempgangesAPan b teasiorned gate Bw sthadird sthtd posssurheursioovlee standard

eval uat | formul a th EGIrol erance= -9.49 . the degree.in ich it

P "ol ol § s g AL EET el QS ine e PR e Yo g pressure
degr eecafberil @llated by thefbBS@ing@onilg: 0. 07/ 3.2, i.e., about 2.2% On

t hat evidence, both of the 20 EGI and PT deteriorate and the APU is
inythe decline period and should bg =ré}pjpace(g gt right tinme so as to
inprove the availability of the fli‘ghy.” [00 I 4] The method shown in
figs. 9-11 can be used simultaneously to nore accurately detect the

per f or wamee Pofs thhetahRhid {t&t6 @t@ShreCOnratheditanidatd lempeantre,oféd the obtained oxygen
t echnol %g{‘/j, t%e nﬁgt hod di scusied i,n the enbodi nent Cﬁln 25 obtain EGT

of t hePRPY ("EopEh Jppasuregient. ot 3nthct PrEYEEA oICBIPS AT WhRDy mgsyralg Thepgtandard

and thus perform de ion o he rformance of the APU t hrough
TR Nty e R e RO M S A R S R R
the APU is in the declinpe period, which can support the mai ntenance

d, )
of tHEONRD for BAglhiser Bowhart pirstrating s setidiiar defseting the weidprnanse aPle crew
SO,{S sg,gg}ggﬁgteﬂlemrﬂ% s [eTVLpTe T IR oL 0 to@%P@?g%eggﬁWe %??@'rﬂlrlfcgglethod 1300 for

targete i nt enance and operation contro be pe

t hr ouglieteatmiguhe perforofanthef the cfaw oaypea sgftembtee shBkh i ClB, wt btep 1310, the oxygen
significantly redyce mai nt enance cost. Exanpl e of the crew oxygen

Syst enPrerBRIE T BE§VEeR LNGSTIR FAHAEY OXY EFLSEIOR e bl pieirdpRipraare and the
curve gfcihfiferip@HuR e B ratNRl BMstebMBhY, a%w%ﬁ%ayﬁlte B8src Fefi&hiediaBeordi

| evel ofc Ig)ase I I(é,*akage, t herefor e,S e\?/nen t he tenperat S‘s?g I se%exeg, according to
pr essuelkfaitied beysmaecssérerdati i tHeeoxygen ugledlentin thefdrew enygdn systenThbe gmbient air

R o0 R0 R s R B e e

st abl etransmitted to the server for processing crew oxygen messages. At step 1340, the oxygen pressure

®)

data in the oxygen cylinder in the crew oxygen system is transformed into standard state pressure

under the standard temperature by the server according to the ambient air temperature and the

cockpit temperature. The standard temperature can be 25°C. Certainly, the standard temperature also
30  can be other temperature.

[000114] As shown in fig. 13, at step 1350, muitiple sets of standard state pressure data of crew
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5 period; when the gas | eakage ratio PL gradually increases, the
performance of the crew oxygen systementers deterioration period;

when the gas | eakage ratio PL is larger than a threshold Piz, the

perfor : : o LT yed ]

ey, hohORE Sl ARSI, SHEL AN PRSI U 1 AR A LR s of
unschedtindatdrstapressane éata afithetdxygern elthe crevnotigleayyadm at di¢fetdhnt timiadire obtained,
bei ng grounded. In present technol ogy, there is.nQ _any neans to )

det ect %ilﬁr P§ PEsVOT EICOTHY SR YSTS BYSHRIR alk P8 dgtsrmined /byt ropespiagiand evaluating the
Howevelh Afaadi Ng to one enbodi ment of the present invention, this
detection 1s possible. [000107] As to the crew oxygen system the

det éction paraneter is easily obtained. The pressure of the oxygen

cyli Lh the crew n systemis the hest paraneter, reflecfing .
The BORHSS rance Abriatn B B BHJisEn s oF st B unB e Brrgnaime ar
OXygen a6 dades ak Ro [RRAIRW WY JEforfAtS BY trow 6k FdeRSsybmt Beriorates. Or, at step
tenperature, the tenperature of oxygen in the oxygen~cylinder nust Dbe

obt ai ndd7&tthe maltipdesets ¢instandasihstath pressyrg datapt ddtment time sebteais wed sample and then
However, there.is no t ratyre sensor. in.the cr XV.0 system

Ther ef Gi%SHIE 1§ e THE BpHsE sarieiar TRbeDTy G P arrt-ride S e of the
be 1¢al gathatype ofigirflgft 03B Ito AeREHNS M (RrioeBeeaif WiEere QRO kIdm deteriorates.
consideration of the position of the oxygen cylinder in the crew

oxygen system 20 according to one enbodi nent of the present

i nveptd t he ] r - . tain the en. .

onp gl D P8 ohE b BuAR oL e 1 80s SraRR, e GO ke i gsea 10
ambi endeteimint éfpefainane 6ff the Bew exypen avsted dewridides. The 1al lefltagbeate bE the crew
is the cockpit tenperature, |c, and k2 are adjustnent paraneters and

k1+ k2exrzg.en/&&fsmd%aﬂgeP@C@ﬁ@d&wﬁ%f%@mnwnﬁﬂ% he present invention,

k1> k2. That is, the oxygen terrpe@urp Tpgs related to the ambient
aiAstenperature Tat and the coBkpitsterperdt ure(iBg, and the anbi ent

air tenperature has greater influehce (¢Shmore relevant). Certainly,

ot her an val formul gs. al sp can used .t | cul ate the oxygen

Cemmor NEaet BB oBHe iR B oo T e s o hBE st Sftken system
i nvent ivden akderaft taRes-dHAP,,i 8, stdngrdf Qétﬁ%r@ssﬁﬂe‘%f fRNcrB® (9)@%@199595&1_93 afte} landing.
kTat + Tc 2 (15) where, k is the adjustnent paraneter. "Accordin

to
one exdhprrofperfanpresseithe crpyeotyieen sy)emscag hsgletarmined feaerdingf toktlgle difference
and k2 ai.ne ement Qr statistigal, anal ysi s, .5
0001 163 ALearar s 1ATrd MaiB s M AT U oSl LA R BB qfF Ry ot ater
Them f timtiilea Fod Bxariple, ifethe hangesf AR, = P; Tat, &tlafger than 100 PSIL, it means that the

performance of the crew oxygen system deteriorates.
[000117] Performance of the crew oxygen system also can be determined according to the leg
— AP: — Pst — ‘L;z

t t, —1t,

leakage rate. For example, if the leg leakage ratePL 15 larger that 48 PSl/day, it
means the performance of the crew oxygen system deteriorates.
25
[000118] The pressure of the crew oxygen system under a certain temperature can be evaluated
according to the calculated leg leakage rate. This can obviously reduce such case, i.e.,
unscheduled replacement of oxygen cylinder before flight caused by the fact that the aircraft
temperature of the aircraft after the flight and the temperature when the engine is cold are greatly

30  different.

[000119] According to one embodiment of the present invention, performance of the crew oxygen
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(16) [000111] The oxygen tenperature obtai ned based on the formul a
(16), which may be | ess precise than those cal culated fromthe
formula (14) and the formula (15), is enough for the systemfor 10

T L

t enper af ticecrie® oXypen Bethm b IBEAMIOXGRN, PT 6SEitheylTR&G WTekk tladaixygen system,
different tenperatures can_be transforned into the standard state

pr essurgd thgegh the salsulgiempithe slope phifitiing cusssas to nake a conpari son

and calcul ate the | eakage rate. The standard state pressure can be
calculated by the following formula: 15P = -TP (17) s where, Ps is

t hes5$0G1da) d stlheeclpti@shiprietwden Hsant hemsaétahefulldwignfoenalaure, P is the

obt ai ned oxygen pressure tfﬁrg%ghsémgsurenent, T is the oxygen

t enper at ur e when measuri nglsTHé Ttanbardl t enper at ulécan be 25C.

Cert ai t re also: e

000 113] % T o, HeMRARAU RRRALRLIY F 2 (B RMMalih BHOTHT GERREERIMCL of the crew
t he peokpgamsysengfllt tsearc irdovc@f torny gericts yaldters tc ighditingg; t33 sneslope term which
enbodi nent of the present invention. In the nethod 1300 for detecting

t he peitfidicatesnte gds tighgnessend oxyaye rsystest qis as rakdomntarm fvhizh {h8icates uncertainty
step 1310, the oxygen pressure data in the oxygen cylinder in the

crew obvyigesnPyaidtyy the anbient air tenperature and the cockpit
tenperature are obtained. At step 1320, crew oxygen nessages are
generated according to obtained oxygen pressure data in the oxygen

cyli in the i air 25 tenperature

and elczz%)]ckpi t%ﬁ;ﬁl@lﬁagt}sg%gﬁﬁgﬁﬁgq%@m%generat ed crew oxygen
nmessages are transmtted to thel &rver for processing crew oxygen
messages. At step 1340, tHewoRyg tprredsdre data i n(dHe oxygen

cylinder in the crew oxygen syst€mis transformed into standard state

Pr essukidetd) 88 tht REmBERGARPddTRaE Mhibherdiseihie theaak@latidacording to

the anmbient air tenperature and the cockpit tenperature. The standard

t edperature can be 25C. Certainly, the standard tenperature al so

30ca t feat 0] shown in fig. 13, at step
1350@0?3%% 0 Jeanélg[{%%(g? s g{n:t?]e A ge%%%dgzisef&g?“e@gwe data of crew oxygen
systemat different tinme are obptained in the way of steps 1310-1340.
After nultiple sets of stB8ndards(Bte-gheéssure data @f)the oxygen of

the crew oxygen system at diff8rf@nt tine are obtained, the

per f or e . ] by processing

B ovarast ™ gt REmEE U AR hos BATGRT i et ™ e

mul tiple sets of standard state pressure data at different tinme are

an SO to determine if th erformance of crew oxygen system
o sul i iaas? 0 Cogy beJelgimiepy e olfiig fraacgorng o Apatiles LDk
pressure data at different timme serve as one sanple and then

Z (ro}' - ta—:rvg) * (Pﬂ - Bf—avg)

p2=+—p (22)
Z (ro - to—avg )2

I=]

[000124] The 2 is a negative value. The smaller the value of 82 is, the worse the air tightness of
crew oxygen system is. The performance of crew oxygen system can be determined through
25  detecting change of 32, i.e., the slope term. The performance of crew oxygen system also can be

determined through making a comparison between slope terms of different aircrafts.

[000125]  When performing performance detection of crew oxygen system using above slope

detection method, it would be better if there is no replacement of oxygen cylinder or oxygenating in
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the sanple is conpared with another sanple of another set of standard
state pressure data of the 10same type of aircraft, so as to
determne if performance of the crew oxygen system deteri orates.

[0001 12&%@@?%56&%@?%%{%&9& %‘ﬁ'&} sﬂ% élIS inRh& éa?&tl?t{ot vention, the |eg

| eakag se rmne | ormance 0 e Ccrew oxygen
system deteriorates. The | eg | eakage rate of the crew oxygen system

can be calculated by the followi ng formula: 15 AP,Ps2 (18)P = t2tl -
wher €V0Q126] s Acgpidings fto ¢ ppfe embedinacnt aalithy presapt muentions the adrieriqration of the

state PLasHHRe gf" H e roﬁggégﬁ%{%g} §z%ﬁ§l§ee@3t¥id?rﬁﬂecﬂh§cﬁfgﬁfthe hﬁfégﬁdgf;ltf sample test to

13,2 is standard state pr e crew oxygen-system

| anfli ndeakdgeeratef or e, perfornance of the crew oxygen system can be
determ ned according to the difference A Ps between the standard
state pressure of the crew oxygen system before taking-off and that

af t erod@2hpndidee m{&ie&ﬂmi@t uﬁg ﬁtﬂeﬁs \geéregheﬁha%gé’ogfﬁyét?ﬂg pr&shid m%%ensught,

| arger than 100 PSI, it neanS that the perfornancCe Crew ox
syst emtlueehéainet sthedard ploGOIresshRel datratesngreathyf sontwtingss elne dx sigeintlegst dmthe fitting

al so can_be determ ned according to the le Psi Ps2 | eakage.
ate.  BRPRRYE L CrRgai a8 gk Beich ariasY ot B aryire shier AR redlcing the
PS'lédfi&hﬂdehcmgnﬁlet aeuRey fOF BREGEAl WmpdifurS il XVEEEy DY Sthe Pressure sensor, one
deteriorates. 25 [000118] The pressure of the crew oXygen system under

a cer t anpodigiepk phthgriseseahinyenteaspadasamet vscborelt lgkags ratee butlisss heio @dints which

leg le r.at e |.S ' duc uch case, i.e..
unschedtBgrer BhF T ifto BBAN T prelHHs Byl e R Fgn 0l adapp gre 24-hour
t he f aditervhldtakage rae Peg af drtdi gpehatibtes i alid@nderado@bd, sath 8¢ ad M€rval which is
flight and the tenperature when the engine is cold are greatl

> Ly
30di f f &Fe@ier . thpmde1eyr otcéeharingVeanvdils. dabaemereng el daa pretseffect caused by
| nyent L o8 PO MRS BlystBBing S WaBE %I8H means the average value is calculated from all

of Pr24 in 3 days. The person skilled in the art can understand that 3 days is only an example, other

days, such 2-4 days also can be used based on special data condition.

[000128] According to one embodiment of the present invention, the 24-hour interval 3 days
20 rolling average leakage rate Pp a4 ,which indicates performance of crew oxygen system, can be

calculated by the following formula:

I=n

1
Byt == 2 (Praa 1+ Pias_y) (23)
7=l

where, n is the number of data points in 3 days.

25[000129] According to one embodiment of the present invention, when it is required to know if
performance of crew oxygen system changes in a certain period, the data in that period can be
selected as a set of samples; meanwhile, another set of data of a aircraft of the same type can be
selected as another set of samples. It is determined if the two sets of data are significantly different,
through making a comparison between respective Pr.avgs of two sets of samples, according to the

30 statistical probability, so that the period and degree of deterioration of performance of crew oxygen

system can be determined.

[000130]  According to one embodiment of the present invention, respective Pr.ave24 of two sets of
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system can be determ ned through statistical relation between the
oxygen standard state pressure Ps of the crew oxygen system and
installation tine to of oxygen cylinder of the crew oxygen system

and through { he. cal gy a_tvigo rQTcal el BRFy. UAsshinb 14129 G V&Pinc® of the first set of

[ 00012 e relatlonshipBel ween Ps and Yo 1eet the° ol F'Owig

forul ?ﬁ-ﬁggztgﬂllclf&dtmgm%a@,) SZ\’ﬁPiertBe vBaics offIR: sdcond sECoSPal g Egglgﬁﬁgqn data).
ois the installation time of oxygen. cylinder o / _

syst emSIaee 312/ SgnshapibiodleptF Elbhm-\l\% Ié‘ﬁlbﬂé?lbtﬂée walegofl payhie determingsbby sgarching

a slop j kel e -} . .
o <! 2Pt SRR e 1 ARS8 SHBIASRE  SORE BB o
[ 00012 bfdvrding Vial the wfiud of darf ibe @xgrabdke dhatstht oiwloovétn @f dutabglorng-tot B same

...t0"),.72 1=1 1(,20) ,whe n is the, nunber of sanpled points which .
i e s BiFtRRHORGS AL AL -Sh: T 5 BEGIEBr Rt B GTenpS, Qlsyonets of data is
expressgdifagnf ol lowing: 1 1=" = -n (f (21) where, n is the number of

sanpl ed points which are used in the calculation. 20 [000123] 02 al so
can be determined by the followi ng fornmula according to fornmnul as

(6)- %&}0:135( t it C%M@(i*degeg%inedpslf-‘ ﬁ'lré)difference between two sets of data is significant through other
10 independent sample T test. If the difference is significant, it can be determined there is significant
change on performance of crew oxygen system. Given it is determined there occurs significant
change on performance of crew oxygen system, it is easy to determine which set of data indicates
that the performance of crew oxygen system deteriorate according to the average value of leakage

rate.

15

[000132] The independent sample test for average leakage rate either uses data at different time of
the same aircraft, or uses data of a different aircraft of the same type. Therefore, this method is
flexible. Moreover, this detection manner is not limited by replacement of oxygen cylinder and
oxygenation, and can be used to deterrnine if significant change occurred on performance of crew

20 oxygen system between before and after replacement of oxygen cylinder and oxygenating.

[000133] Hercinafter, how to determine if significant change occurs to the performance of crew

oxygen system using the method of the present invention is described through some embodiments.

25 [000134]  Fig. 14 is a schematic illustrating the relationship between standard state pressure of
oxygen in the oxygen cylinder of the crew oxygen system and measuring time according to one
embodiment of the present invention. The curve shown in fig. 14 indicates the standard state
pressure of actual sampling and transforming, straight line indicates regression line according to the
standard state pressure of oxygen and measuring time. It can be found using the formula (22) of

30  slope detection method that leakage rate of crew oxygen system is large, slope is -0.024929 which
is much lower than a normal slope -0.015. This indicates performance of crew oxygen system

deteriorates and has entered deterioration period.

[000135] Fig. 15 is a schematic illustrating the relationship between standard state pressure of
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[ 000124] The 02 is a negative value. The smaller the value of 02 is,
the worse the air tightness of crew oxygen systemis. The
performance of crew oxygen system can be determ ned through

25det ecy | h o t sl.Q term The perforpmance of..

crew oxyylh BDBRERE SAimder B e w0 b Th o el TR s Pidingy o one
bet weerntbodingent of te paésedi inf ettivnt Figl 15 EldfvisSa ploB&e b2 BdpladbeRnie IxQEeA H@inder of
performance detection of crew oxygen system using above sl ope ]
det ect iSBRYY REYSRHAEYStem. vidigl dpthehayet trefigi 15 indisate the siendash piatecpraspirepfepresenting

OXYS0 Nl A PHSATREAD 1, 140 G510 BURGEN B8 BHHTG pevcn o
enbedi 2é+touns-daperolireseitage heaknge are artdhaeadeting tine af boyeenfin texygen cylinder of
per formance of the crew oxy(gen Sé_%t em can be_ determ ned through the _

i ndepetfere RSPk SYSEIR 2¢TENE 4 R mbpdament shown 7 Fig. Aé eI'wp getf of ditg pbtained
of fli i i f I .

ol i gt PR belbrel s el feplabifi BR0AM A oy i SHVBRP ARSI ahPindependent
sonet i sevpktUietesiistused ionddterenineiflile tvesdmples arg idadicalathie oficeetier reallts indicate

tenperat ure and detection a racy.of the pressure sensor. For

edner i bRl el o 6654t B5tRt ke B bR A F e arement ghaveen
acqyr acyliffer GCidRARES W Ler§ ENBOperfAHRNETHOWRRLy 28 s{dMEn RIEESBEY, and the average
i nventi on does not use the | eg | eakage rate, bug uses two points

whi ch &akageoiate dawllesZlhepsgiormpranetof creve oxjgan eysteme hps edenad detatiotatios geriod.

two points, that is, adopts the 24-hour interval |eakage rate PL24.
Certainly, other intervals also can be adopted, such as an interval

whi c[0003¢r eat &n béaBerl drdad Wigr 14366, @Er methB@ nidsédRd Othe Skt NBv&RA@n can
data point effect caused by 15 sanpling, P124 nmy be 3 days rolling
aver agEeiRANER ihreafosmange of wegva guyaealsyaemdlegrdes amst aviers deterialation peridor failure

in d skil.l.ed, . .

o 101 Pilog SR ERARn bl nloleh dfociiclnd B WRHEAE, Ve Bleasfnp B pr crow
on speokgdendastamcmddenpanturd 809 dR2@indd dondirey dxygenmessibey an@ tHrowdh dai@ilation
present _i_nvent. 8n, é%e 24- hﬁ_ur interval 3 days 20 rolling average

| eakag8f $1aPEOPNdeRrgInt SHAPIEH teHdPE&kes perfor mance of crew oxygen

system can be calculated by the following forrmula: 1 1=nn PL-avg24

=(rt. ,.*PL24 n) 1-1 where, n is the nunber of data points in 3 days.

25 [ (012Y] Rigedidisrg flow omet dhisustingeatmethod Her predaningi the eniciabin crew oxygen

wh it I to k i f f . .
Chahget T ALDE OB PO epES e AR, ST per [i0as SASE! A0l B peipteining
as a See McraPERIVSy SR AWM SowRROhdar, scdeP! 71dabRyRh pResthre@af df 1RE oxygen
the sane type can beé selected as anot her set of sanples. It is

det er nEvigier in theecrewxgaens systengdhe apbéens iagriemperante pndiilfef enckpit temperature are

t hr ough l N C ri.s bet ween respective PL-avg24 of two set
of sa rr;o)li)tjéqs%!éa'a%% %?%?ﬂ%{ﬁtogygﬁlemgssages are ge Sed Yrom Io‘btam g OXygen pressure Jata of the
oxygen cylinder in the crew oxygen system, the ambient air temperature and the cockpit

25  temperature. At step 1730, the generated crew oxygen messages arc transmitted to the server. At
step 1740, the crew oxygen messages are processed by the server to obtain standard state pressure
of oxygen cylinder of the crew oxygen system under the standardized temperature. At step 1750, it
can be determined if performance of crew oxygen system deteriorates based on multiple sets of
standard state pressure data at different times. At step 1760, if performance of crew oxygen system

30  deteriorates, maintenance of crew oxygen system at the appropriate time is arranged.

[000138] The above embodiments of the invention have been disclosed for illustrative purposes
and the invention is not to be limited to the particular forms or methods disclosed. Those skilled

in the art will appreciate that various modifications, additions and substitutions are possible.
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30statistical probability, so that the period and degree of
deterioration of performance of crew oxygen system can be determ ned.
[ 000130] Accordi ng to one enbodi nent of the present invention,

respect ) 4 of t t f ta and variance .of PL-av .are...
car ou JeEpree; apifenba it Q5P o modialoRD Lol PR Biplpp Qe i
PL- avg2Ke {dope bt appendedtiajms. 522 i s the variance of the second set of
PL-avg24 (including mdata). Since 512/522 should follow F (n-1, m1)
distribution, the value of F can be determ ned by searching the F
distribution table. It can be determned if the difference between
two sets of data is significant 5 according to the value of F. If
the probability that the two sets of data belong to the sane
distribution is less than 2.5% it can be determ ned that the
difference of two sets of data is significant. [000131] It can be
determned if the difference between two sets of data is significant
t hrough other 10 independent sanple T test. If the difference is
significant, it can be determ ned there is significant change on
performance of crew oxygen system Gven it is determ ned there
occurs significant change on performance of crew oxygen system it is
easy to determ ne which set of data indicates that the perfornmance of
crew oxygen system deteriorate according to the average val ue of

| eakage rate. 15 [000132] The i ndependent sanple test for average

| eakage rate either uses data at different tine of the same aircraft,
or uses data of a different aircraft of the sanme type. Therefore,
this method is flexible. Moreover, this detection nmanner is not
limted by replacenent of oxygen cylinder and oxygenation, and can be
used to determne if significant change occurred on perfornmance of
crew 20 oxygen system between before and after replacenent of oxygen
cylinder and oxygenating. [000133] Hereinafter, howto determne if
significant change occurs to the performance of crew oxygen system
using the nethod of the present invention is described through sone
enbodi nents. 25 [000134]Fig. 14 is a schematic illustrating the

rel ati onship between standard state pressure of oxygen in the oxygen
cylinder of the crew oxygen system and neasuring tinme according to
one enbodi nent of the present invention. The curve shown in fig. 14

i ndi cates the standard state pressure of actual sanpling and
transform ng, straight line indicates regression line according to
the standard state pressure of oxygen and neasuring tinme. It can be
found using the fornula (22) of 30 slope detection nethod that

| eakage rate of crew oxygen systemis large, slope is -0.024929 which
is much lower than a normal slope -0.015. This indicates performance
of crew oxygen system deteriorates and has entered deterioration
period. [000135] Fig. 15 is a schematic illustrating the relationship
bet ween standard state pressure of oxygen in the oxygen cylinder of
the crew oxygen system and nmeasuring tine according to one enbodi nent
of the present invention. Fig. 15 shows a process of replacenent of
oxygen cylinder of crew oxygen system The dots shown in fig. 15
indicate the standard state pressure representing actual sanpling and
transformng. Fig. 16 is a schematic illustrating the relationship
between a 5 24-hour 3-days rolling average | eakage rate and neasuring
time of oxygen in the oxygen cylinder of the crew oxygen system
according to the enbodi nent shown in Fig. 15. Two sets of data
obt ai ned respectively before and after replacenent of oxygen cyli nder
serve as two sanples, and independent sanple T test is used to
determine if the two sanples are identical. The calculation results
indicate the probability that two sets of data obtained respectively
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| eakage rate doubl es. The performance of crew oxygen system has

entered deterioration period. [000136] It can be seen from Figs.

14-16, the nmethod described in the present invention can determne if
performance of crew oxygen system degr@dgf @nd enters deterioration
period or failure 15 period of crew oxXygen system through processing
and anal yzj ng ox pressure data of _crew oxygen. systemand . . .
Lemper at Ur b 4RGN {01 SRSPINE AP R C Ry aH e En G o RORER fgHin @ decline
cal cul ?gﬁ&p’ Bhpsikigpe or independent sanple T test and |ike. [000137]

Fig. 17 is a flpow Chart illustrating a nethod for maintaining the

aircraft crew oxygen 20 system.according to one enbodi.nent of t .

o esent i rHPRER o of B RRRRS Foarer Raffing THRG ERevall iafhe aireran
crew ox;yglﬁan@y;stem shown in fig. 17, at step 1710, oxygen pressure

data of the oxygen cylinder in the crew oxygen system the anbient

air tenper i t ai . .
1720, “oxyqonteing Ml BE PGAE ok bR e Rl FRoncBly petermined
dat a ofvakube aadygen cylinder in the crew oxygen system the anbi ent

air tenperature and the cockpit 25 tenperature. At step 1730, the

gener at ed ffeMi0XY IRBHEEHE 3eSSmBnee bf ARl ReSniRnkiites HERY Qécliné‘%)eﬁ&?ﬂased
1740, the crew oxygen nessages are processed by the server to obtaln

st andarpd tlst eingpapisessaulés. of oxygen cyl i nder of the crew oxygen system
under the standardi zed tenperature. At step 1750, it can be

dettgrm ned if performance of crew oxygen system deteriorates based on
multiple sets of standard state pressure data at different tinmes. At
step 1760,, i\f of; . . de | OF at es,

i nt enande AgpEER fBRHAE ol ERINA. SELE AN

arranged. 0%3000_138 The above enbodj nents of the invention have been

di scl osed PHNNE PIERlg PRFECHTY rdeSoAPErAiRE StaHp e thepraradt spampensite
limted to the particular forns or nethods disclosed. Those skilled

i n the ar taswicldting gptaeditiat multiphet pavametawsvitholdiliitecatnts 0§ theaddrafi emgpoamt; and
substitutions are possible. 27 Therefore, the invention is to cover

al | nodi fideiin@ii®g tREUeratliont fardhsted bRedadl MBS ds@lcldtiods Wetwddd e multiple
scope of the appended clainms. CLAI M 1. A nethod for detecting
whét hepajgeretest anribe fakuraeveatss craft conponent is in a decline period,
conpri si ng: obtai ning one or nore detection paraneters
reflecting operation status of the aircraft 5 conponent;

conparing data of the one or nore detection paranmeters with

respectiv r . . t i MY .
per f or rran?é%?‘% f%hogi £aEiCP ?r;i%%/fd g%rﬁrnpozggﬂ%er?lg’ ?1% Sﬁﬂg ﬁle%??ér%% e%t%g@gg%éndl ltiple
on t hepaemetrs woh faibse btants dfGhe aircra2 coipomdnb et deteroridingdhd detedtianpatmeters
wher ei B he ﬁteg of . obt ai ni.ng conprising: obtaining nmultiple

par aneP®¥8 OPLRGISELCIFUPIS SRIRPFIBH st atus of the aircraft conponent;
associating data of the nmultiple paraneters with failure events of

t ha0 ai r cr sblculetnp epgnlationmbetween data clyages af thenmuitipde gerasetdrprand the failure
paranmeters based on the associations between the nultiple

15par aﬁ‘é‘?’i %mind the failure events.

setting one or more parameters, which have greater correlations than a threshold, of the

multiple parameters as the detection parameters.

25 4. A method according to claim 3, wherein, a range of the threshold is 0.3-0.5.

5. A method according to claim 3, wherein, a range of the threshold is 0.5-0.7.
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3. A nmethod according to claim?2, wherein, the steps of associating
data of the nultiple paraneters with failure events of the aircraft
conponent and determ ning the detection paraneters based on the

associ ations conprising: 20cal cul ating correl ati ons bet ween dat a

changes of the nmultiple paraneters and the failure events; and

setting one or pore paraneters, ich have greater correlations than

a threshol AIBFﬂlPﬂéC‘}?EﬁWBJéaIBh =£Elﬁlgrc§mci’§151tnﬁé det ecti on parameters.
254. A nethod according to claim3, wherein, a range of the threshold

i s 0. 3-0. Saldnlatihgwetrblotorsdetwetinribe moltgladete@ionwhemeiters; aadr ange of t he
threshold is 0.5-0.7. 6. A method according to claim3, further

conpri si NGemeingUbd bRdn&rer setit O elcnResn thataniaiblt | ke dat 8t t@fblations
paraneters; and renmovi ng one or nore of the nultiple

det &ct befwesatizemuldiple detection paramigtersor rel ati ons Sbetween the multiple
detection paranmeters. 7. A nmethod according to claim1, wherein, the
step of obtaining conprising: obtaining multiple paraneters rel ated

to operation status of the aircraft conmponent; and

det erm ni t i: . : ' i cal

Fapr esent ot onE AR O o g Ao PR E B DERRRE MR o)

met hod acc%rdi.ng tLﬁ.clI aim 1t wh rgjen, t he Bredet rrmned val ue is an

ext reme vAFEIEE PG AR DI RO APPTNAD 1Rl i Areraeprpnegt apd

of conparing conprising: 15cal culating differences or ratios between
measur ed \dgfapasning therietestionpramstare besed wnpaspecayeplysioabreptesentations indicated
re%)eciji Vi, SxhT iaerreara\l/aétgr%s. 9. A nethod according to claimS8,

wher ei iy }fene neasur ed val ues of the one or nore detection par anmet ers
are replaced with converted val ues under a specific condition. 20

10. A nethod according to claim8, wherein, the step of determ ning
conpri si ng: determ ni ng whet her the neasured val ues of the one or
nor e det ed®® ifomethad aceirding tarckiml 1 séhetan,ahe praleedninee valepeah iexigeme value of

extr ent. val ues. .
the one or more detection parameters; and

the step of comparing comprising;

15 calculating differences or ratios between measured values of one or more detection

parameters and their respective extreme values.

9. A method according to claim 8, wherein, the measured values of the one or more detection

parameters are replaced with converted values under a specific condition.

20
10. A method according to claim 8, wherein, the step of determining comprising:
determining whether the measured values of the one or more detection parameters are close
to or exceed the respective extreme values.
25 I1. A method according to claim 8, further comprising:

assigning a weight to the ratio between the measured value of each of the one or more

detection parameter and the respective extreme value.
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2511. A nmethod according to claim8, further conprising:

assigning a weight to the ratio between the neasured val ue of each of
the one or nore detection paraneter and the respective extrene val ue.

12. A method according to claim 11, further conpri sing: obt ai ni ng

t he wei ght of each detection paraneter based on a correlation between
data change of the nultjple detection paraneters and the failure

events of t2né asthed agprdivgisgrian L1, further CoMpesiRgd according to claim

11, wherein, the step of determ ning conprising: integrating the

wei ght ed rabtainimgolic whightefasoh detevtainymsanodtert bascdron & icpireati@t Bettve@ndata change

paraneters ta .the exirene val ues thereof to obtain.perfornmance

Dot or ctheybE sk bap et s Aven T e BREE Gt ReRor di ng
to claim 13, further conpri sing: determ ning the performance of
thedaircraft conponent is in the decline period if the reference
value of the aircraft conponent is greater than a threshold val ue.

15. A et hgdAaseRsdladedrdine ©l cidim [, WwhbRlf iths stéhef qpteaeting bbmpasival ue
is a reference slope of 15a change trend of one or nore detection

par anet er i f I I.84: 00 :

Cal oun at1 iy B R IR foil bl R R 8P R mERERAN G, CORR T petection pargppetes o
one or thoixéregetvahics trrqdtaostiansrformancp ecferetce PA1E. ofAhatdrafticomponent.
according to claim 15, further conprising: conparing the slope of

a change trend of the neasured val ues of the one or nore detection
paranmeters in a period with the reference slope to determ ne whet her

there is significant difference he en them. 2517. A nethod

aci@rdi ngﬁt4oA6?e§ﬁ?ﬁq%?r%tPec m lt%h%u eéﬁo%?nsd%g'er m ni ng whet her the
performance of the aircraft conponent is in the decline period based

on the corfistaringure tlas peefomernse i afi ty: aircraft comppaenti isi imgthehdecline period if the

per f onpgne e S 4l l period if

there is sﬁ%eﬁ‘:;afh}iéggfﬁﬁé é‘?%?%%%%ﬁ%gﬁ%%dﬁétth% ésfbg%sglg@f‘;ag% change trend
of the measured val ues of the one or nore detection paraneters in a
period and the reference slope. 518. A nethod according to claim 15,

wherein, the reference slope is a slope of change trend
15. A method according to claim 1, wherein, the predetermined value is a reference slope of

15  achange trend of one or more detection parameters, and
wherein the step of comparing comprising:

calculating a slope of a change trend of the measured values of the one or more detection

parameters in a period.

20 16. A method according to claim 15, further comprising:

comparing the slope of a change trend of the measured values of the one or more detection
parameters in a period with the reference slope to determine whether there is significant

difference between them.

25 17. A method according to claim 16, wherein, the step of determining whether the
performance of the aircraft component is in the decline period based on the comparison result

comprising:
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in a period after the aircraft conponent is initially install ed.

19. A nethod according to claim15, wherein, the reference slope is a

sl ope of change trend in a period of the sane aircraft conponent

havi ng go gl it I t i J : e L[ :
20, A ot ot ERSEE I BRhlaAR, bR Aftiadt KERPOAR io TR EHeche BLAGE F dhore i
t he neasmifedinivdifieancebetvieen dimeslope nba ehafgetttund détthe icasurgdvaloet eff the one or
wi th converted. val ues under a.s ec}%ic condition. 15 21. A

et hod THUE BFETIAT RGATRREIh 4 BeipdmiBe TBREfI WMy perform ng
snoot h processing on the neasured val ues of the one or nore of the
detection parameters. 2022. A nethod according to claim 21, wherein,

the snooth processing adopts nultipoint average rolling nean

al gorithmig. A méod /Acmaihgdo aREANE] Wheleh, BleefBraibe sIHpRI€h Rlopt B change trend
snmoot h processi ng adopts ollomjng_tqrnufa: 25= =snmooth + CBXOm

wher ei i 2 reiest after theeaivesaft eprappngal iganitisheistalled val ue after the snooth
processing, Xsnmooth is a value of adjacent points after the snooth
processing or is an average val ue of several adjacent points, C and

C2 are the weight val ues. 24. A nethod according to claim1,

wherei n, tie aSheRohe&?dRad Bim 38t %vhé}ginm%fe?gld%idﬁ@%s Qfslogg%f Pt o8 trend
nore detection paraneters in a period as a sanple; etting
measur et aviaied sofothe tshmeanierait compenalé theving @oop avakeigecondition jpeothenidentical
perj od o% q&.Siﬁﬁne |l ength as a reference sanple; and

detl rnFH%ﬁEP IHer there is significant difference between the

sanpl e and the reference sanpl e based on an i ndependent sanple test.

25. A method according to claim 24, wherein, the step of determ ning
whet her the 10 performance of the aircraft conponent is in the

decl i ne pe0 aAdndhskstcorlind® dOMPER, figther cafplidingonpri si ng:

determ ning the performance of the aircraft conponent is in the

decline p%%@@l g tHe ﬁlsa%ﬁ&fa'\am Ol @Rk nflird HEMHRUeRAGE PGSR lREWRR TR R ted
of the neas rea val ues of one or nore detection paraneters in a

per i odvaletstmeldr anpkcifirecanditioaspondi ng ref erence sanple. 15 26. A

nmet hod according to claim 24, further conprising:

15
21. A method according to claim 15, further comprising;

performing a smooth processing on the measured values of the one or more of the detection

parameters.

20 22. A method according to claim 21, wherein, the smooth processing adopts multipoint

average rolling mean algorithm.

23. A method according to claim 21, wherein, the smooth processing adopts following

formula:

25 X, ., =ClX

new smooth

+C2X ,

wherein, Xoyq 1s the measured value, X,y 15 a value after the smooth processing, Xgmooth iS a
value of adjacent points after the smooth processing or is an average value of several adjacent

points, C1 and C2 are the weight values.
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repl aci ng the neasured val ues of the one or nore detection paraneters
wi th converted val ues under a specific condition. 2027. A nmethod for

mai ntai ning an aircraft, conprising: det erm ni ng whet her the
performance of the aircraft conponent is in the decline period based
on the method in any one of clains 1-26; arrangi ng a nai ntenance

schedul e of, the aircraff if the performance of the ajrcraft conponent
isin the %eéll}‘?fgo 8P 1}8%3121513%1???%#9?1&6? RECHIPPEPEE t conponent of
the aircraft. 28. A nmethod for obtaining one or nore detection

par anet er ssettmgimeasineg velves of tho nns vamose detectinn paiameteas in apampdrae atspmple;
conprising: obtaining multiple paraneters related to operation status

of the ai rgfibtméRIRANRNCs oRHUEOEAAST MBredddiettioh pafiendidH thiaPb@vious period of the
paranmeters with failure events of the aircraft conponent; and

det &r nistinaipngtheasdaetetiicosappleatist er s based on the associ ati ons

between the nmultiple Sparaneters and the failure events.

29. A et hatkraing dihethel ehat 4 BigaHicanheifRiance BBy shahe 8implet &idnihe Geference
conpri si ng: calculating a correl ati on between a data change of

t he rruF%W%'Pé’af?&lr%r?@tléﬁl@e%@tﬁﬁ'éplﬁé“i’sfc-ure events; and 10setting one or
nore paraneters, which have greater correlations than a threshold, of
the multiple paraneters as the detection paraneters. 30. A

nmet hod according to claim?29, wherein, a range of the threshold is

0.3-0.5. 1531A MethBY hRBo@afOkdli dMint 24C haicPER, thehetesi 5 d@tehﬁﬁﬂ?%]%hem&? the
threshold is 0.5-0.7. 32. A nethod according to clainR9, further

conpri sertgrmapad ol dirgyalt somppagnt dhén et deedine phdodrbhsed pinethgetomtarisen result
par ama'%ersl;i .and renoving one or nore of the multiple
det ectl%Ipr%{Irl%rret ers based on the correlations 20 between the

mul tiple detection paraneters. 33. A nethod according to.clain28, )
wher ei n, tdsterginapg gie pAsfoamanssgolbspricsifheempmieat isi inghendeelins reriod, if there is

par ameter & L 6! Ak RRGLAL IeNsAiAL W8 B Ah8uRl Ao P PG ARbtion

parameters in a period related and the corresponding reference sample.
15
26. A method according to claim 24, further comprising:

replacing the measured values of the one or more detection parameters with converted values

under a specific condition.

20 27. A method for maintaining an aircraft, comprising:

determining whether the performance of the aircraft component is in the decline period based

on the method in any one of claims 1-26;

arranging a maintenance schedule of the aircraft if the performance of the aircraft component

is in the decline period; and

25 maintaining the aircraft component of the aircraft.

28. A method for obtaining one or more detection parameters reflecting operation status of an

33



determ ning the detection paraneters based on respective physical
meani ng i ndi cated by the 25nmultiple paraneters.

aircraft component, comprising:
obtaining multiple parameters related to operation status of the aircraft component;
associating data of the muitiple parameters with failure events of the aircraft component; and

determining the detection parameters based on the associations between the multiple

5  parameters and the failure events.

29. A method according to claim 28, wherein, the step of obtaining comprising:

calculating a correlation between a data change of the multiple parameters and the failure

events; and

10 setting one or more parameters, which have greater correlations than a threshold, of the

multiple parameters as the detection parameters.

30. A method according to claim 29, wherein, a range of the threshold is 0.3-0.5.

15 31. A method according to claim29, wherein, a range of the threshold is 0.5-0.7.

32. A method according to claim29, further comprising:
calculating correlations between the multiple detection parameters; and

removing one or more of the multiple detection parameters based on the correlations

20  between the multiple detection parameters.

33. A method according to claim28, wherein, the step of obtaining comprising;
obtaining multiple parameters related to operation status of the aircraft component; and

determining the detection parameters based on respective physical meaning indicated by the

25  multiple parameters.
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