A METHOD FOR DETECTI NG PERFORMANCE OF AN Al RCRAFT BASED ON A
CUSTOM ZED MESSAGE TECHNI CAL FI ELD OF THE | NVENTI ON 5[ 0001] The
present invention relates to a nethod for detecting the performnce
of the aircraft, in particular to a nethod for detecting the

per f or man of the_airc t tQm.ze S
BackarandMB 6B OR S PRer IS Hhtmi A bt AR A B assp on a
passengers travel by aircraftcgegpyggep Veefote, the safety of
flight nust be ensured. Wen a conponent of the aircraft fails, the
aircraft must be grounded and maintained until problens are resol ved.
Thus, it is possible that the aircraft is delayed even grounded once
a conponent of the ai rChg @AEFI@L@B%]TI% by i nt enance of
the aircraft mainly is pUg%Q%TUCESSTHQ‘UT‘HEQ&&ﬁ%@g_UN a 15 fixed
schedul g, penti oned ahove, utilizing post-processing, it is hard
to &voi ﬁ“%@f Aye BIEETY ABERHPM P 18FS torremaihpd ff%ﬁé%tecémﬁ@ée Preé?"ﬁ{néﬁ%en%féﬂ%fmfaﬁ’
SOMe P hiCliat {36 RlefiolFbL dét&r‘%ﬁlgtthérgér? HE HOHR AERFShaseP 't ®Rtomized
there are no spare parts in the airport tor replacing due to high
price aressageng up thereof, which will directly cause groundi ng of the
aircraft. Mintaining on schedule neans a certain conponent of the
aircraft is maintained or replaced after a fixed tinme, which 20 can
avoi d delay or grounding of the aircraft to some extent, however, its
cost is too high. In particular f ensive parts, their
performance may be nor nal whent.éKCﬁ‘ﬁﬁnﬁ§ ced, which is extensive
te. However, under certain circunstances, sone special parts m ght

\ggﬁ%ri otU90R] &drsraft Ishan Amgoitanevehinle nf dainelopassergess figvel ooy arpseligeveryday.
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conventiranilmtse bhpodungyd andmaasgiecd unidl groslems wentasawed Tmsdess possible that

met hod det ectj ng,  he perfor e of the aircraft conpri.sing:

col | ecfl"rer?@m&ﬁﬁ E%F'?FF%EY@@O%F%&PF%%C@%‘{%Et %t?tL? ﬁ’é"’fgﬁrf?} af t ;

generating the custom zed nessage based on the collected data,

wher ei n[000AEA¢ psesemt redhtensssagé the aicoaft ingainkydistpyst-procesdimgorepesiormed en 2

mai n 3Qpar aneters related to.the eration status of. the,aircr.aft,

St oFi ngel SPRdRlen Err Ry Sehes offiZid PRbodidii, fsdipe &t igfidsey and
per f or eRNeingfoftthe aidérb ! dhie Mamechafte 6MONESIrRNIfARE aiFBaRAYa.timd-B6H3bhing
According to another aspect of the invention there is provided a .

met hod PRaSEssmBPRCENGS: rifergraraing sparet Pagts rip thes pirpprt futieplering dugdo high price or
perfor i L.C . USi _ i , :
AL T L e R S
Sarr angieags & kertéihroompbherit@fhike piréraftds padhthinedidr agpaced aftat & fixedeine) which
response to that the airgraft is.in a recession Elgri od. . BRI EF .
DESCRI Pat exPidydetpsiorgrpmdyegsol the airqrafp g pome caleRR APREYels Binsof g 1o figh- In
enbodi ] t i : s I 1
ccomphngeast for e ABERNSR tir Yoy ORRaick 2R bepdd FIER IOk bl
met hod which Bebeatsivegvittie [déoworcrancier ofridiheirmaimstaadds, base dpanml tfags might
custom.zed nmessage accordi ng to one enbodj.nent he sent

vent PERIORTRB0R) B Gne SesbomanERBraRrORlTE ds HHeR g e Gnat camderely
per f or BpRE ehdeld )\ Bbiddidf bf £FcBMt.0xygen system 15[ 0009] Fig. 3 is a
flow chart illustrating a nethod for detecting the performance of the
aircraft crew oxygen system accor dj t e enbodi nent of the

prégent i nvention Eﬂﬂﬂﬂ%@ﬂ?

{0004] For one or more technical problem of the conventional technology, one aspect of the
invention provides a method detecting the performance of the aircraft comprising: collecting
data reflecting operation status of the aircraft; generating the customized message based on the
collected data, wherein, the customized message is configured to include one or more main

30  parameters related to the operation status of the aircraft; storing or transmitting the customized



[00010]Fig. 4 is a schematic illustrating an exanple of a custom zed
message according to one enbodi nent of the present invention.
[00011]Fig. 5is a schematic illustrating the relationship betmeen

the OX}%%gBr&%%éfe%hlg,?t}%%e?#&ﬁg@i%%gﬂlcfcéﬁlch[fpﬁse& fn M dRhf Gl Al Ea

nmeasur i ng resent I nvent on

[ 00012] Fi g, schena ic illustrati the r Iatlonshl et ween

t he oxygpﬁ%?\@%%réwg f% apg %)@ya%% e{,ah%d yenfign thereq 4 d’f%‘flg‘ifg aaﬁ'?:FthOd for
measur H%] talh ACHRSh egm%rgti .ecileﬁé*ﬂﬁg f&ﬁlaﬁé&eoﬂheaﬁ-araﬂl HRNhE Aikthod

25[ 00013 Flg IS a sc ng the rel ationship between
a 24- howntiGreiaglsoveplahd nyaiatagring ¢hd ealm@elrr adsporsk tohe feillww axtpgemreralt; or

system and.ne surln ording to the. odlnent sh in Fig. ..
7} GoBajaHg hegh ettt PEmRRRAed Fn bl iy hae b FvBesegp hat te aifkraf i
mai nt epppfReQion figiodl rcraft crew oxygen systemaccording to one

enbodi mrent of the present invention. [O00015]Fig. 9 is a flow chart
illustrating a nmethod for detecting landing quality of the aircraft
according to one enbodi nent of the present invention. [00016]Fig. 10

is aflowchart illustrating a nethod for nerating a | anding
nessage usi ng ACMB accd2RIERGDESCREEIIOMOF; DRAWINGS hr esent
i nvention. 5[00017]Fig. 11 is a schenatlc illustrating relationship

bet ween[G00bpHersndtier, gene rpatferrgd ecrsbralimendtandi tigy mestge will bhededGiisd in
accordi to on enbodi nent of .the present invention. [00018]Fig. 12
isl% fr%%eE?Fa'iott ¢ PICOEPARYIRG GIAVIREY hod for generating a | anding

message using ACMS according to another embodi nent of the present

i nventi 5}9071 b@019§ Fiflgw dertiifudrasiopemetthed for destting tha gerferaancond the;ﬁlrcraft

accor apAl b et Henpes rprumpio S PRy u o SFose LBy e T

is a schematic |Llustrat|n%B6n exanpl e of a custom zed short | anding

nmessagelMWO8bFi#: Ads & echsmatie pbstriemehasge phidiepedfesmnce of Bieraiigraft crew oxygen

[00021L§%§n 15 is a schematic illustrating an exanple of a custom zed

long | & Ng nessage according to one enbodi nent of the present

i nvention
15 [0009] Fig. 3 is a flow chart illustrating a method for detecting the performance of the aircraft

crew oxygen system according to one embodiment of the present invention

[00010] Fig. 4 is a schematic illustrating an example of a customized message according to

one embodiment of the present invention.

[00011]  Fig. 5 is a schematic illustrating the relationship between the oxygen pressure in
20  the oxygen cylinder in standard state and measuring time according to one embediment of the

present invention.

[00012]  Fig. 6 is a schematic illustrating the relationship between the oxygen pressure in
the oxygen cylinder in standard state and measuring time according to one embodiment of the

present invention.

25 [00013]  Fig. 7 is a schematic illustrating the relationship between a 24-hour 3-days rolling
average leakage rate of the crew oxygen system and measuring time according to the

embodiment shown in Fig. 6.

[00014] Fig. 8 is a flow chart illustrating a method for maintenance of the aircraft crew

oxygen system according to one embodiment of the present invention.



15 DETAI LED DESCRI PTI ON [ 00022]Fig. 1 is a flow chart illustrating a
met hod for detecting the performance of the aircraft based on the
custom zed nessage according to one enbodi nent of the present

120, coftPATY ngt b P BcigphEfad™s BRol By dBEptf hngfte GLERY of e

aircr aﬁireraﬂ@_@@frﬂlih%@o bfle @B EMBAdI MR pre@dnt iV@nfsiesent invention, the
data reflecting the operation status of the aircraft can be collected

by the g ftpdat@..s i i .
dovel op00FEr s B EiYaRe el IRt AR R, HER A SR el Sking
Al r bus AIMS Attdrdifi te od ¢mibleiinbniNdnhd megenoinvBaomg, as the aircraft
systemis nore and nore conplicated. 25[00023] Taking the ACMS as an
exagpl e A ' ; - j :
componer 0T} AThE TP hRernal fERRGR, Rlailiiihh B IIAREAT Iy gorcmaing o
Auxi | i slort Rodieg ndssage im e AGMISmecdidemgACHBe ainbodihest §fithe preserd isenhoms
aircraft performance nonitoring, date recording, special

investi gt 9N &t OMR! L&k eRirt NisRathet MBefhol Sor bREraDP AN gl RESagiseh
t han 13@)80%]]“ i_nght %aatea&?n real Sti rregF 30[00_024%_Ref erring togtfi gugrge)I 8
1, theAfkdheacordingtaipndiker eimbotlinakss of tie psesept inv@ntiogener ati ng t he
custom zed nessage based on the collected data. This al so can be

per f or nEHODY] t heigai B ds afdcheladtee Bistrag rEioASHYD batwkeAHiNEgan for generating a
automatical |y generate nessages including specific data according to
redd- 1 lore Imsiind BeaEeln the AGRES ascordipg 50 g elpgiment o dfia presenf vRRon.
According to one enbodi nent of the present invention, the ACM5S and

AHM can[(0820is edFigo lgemnses atleertdie Blususingnhz edampksafe. cusfodidRb phokh Randgng
the ACMS as an exanple, the ACMS includes an ALDS (Aircraft

| nt egr FCSHEPALLQIEPE (Lp§C GMIBW O(f&‘?pare?\?élﬁg’dém Unit) is the core

of the AIDS. The DMJ has the follow ng two inportant functions: ]
col | ect [48§21]pr oEigsdiSnty arsdhemmastsr divstyatmegyn pexarpie ef @ Pusternigedilpeg ddnding
i ncl udi ng dat a f(i}omthe lﬂ%b‘f'aCkﬂ?&%' The§erw§ raneters are stored in
an i nt BIRHEC ABIVCPALT P CORIEGE RISt BF S IREM R or an ext er nal
recorder, such as a digital AIDS recorder (DAR); generating system
mesdages. Triggering and generating the messages when the trigger
condition is satisfied by the aircraft status or system paraneters.
These nessages are stored a roBEVAIIRD DESGRIPENENenory in t he DM

15[ 00026] Referring to the fig.1l, the nmethod 100 further includes: at
step 16@)00%%}” I P Qris tal AAGYS B IigktlalRe QUALERBY Z6:TBSD2YRe B BT the
to one enbodi nent” of the present invention, the custom zed nessage
can be ag¢reftddsddronthe onstonied hessagrocsoriing tdh endivhibodipear |t presait myenion.

A B o I M S i i T
Rep@r t op&rafRyisétati of & aliteatPGARSdirfs @ dHeGnitalirtie: af tHeteeub i@t the data
transmtting nessage (i.e., short nessage) througogr radio or satellite

bet weerellpsting fher erferatpnctaiug pbihechirsradt Fanbe pelippieddy thRairsraft date sysderanbhe

na- r earr Qe Pheh AIRE ol AT Bomp B s T S P b Khghrine

an avi gpsies) 6pARBheindcAHM (A AGARS dAER@nNGr) Wi Boeidl, {sNMhb airérafl sgstem is more
control display unit (CDU). The MJis used for sending and receivVving
VHF r a@ndm@rgsamplicadsages to and from the ground. On the ground, the
ACARS is conprised of a network including the ground station 410

hags ng F000AR] o Taldms ded AEMS whiao lexemple doeACMD manéndg pefsages ¢Tamuktiple

| i nk messages). These ground stations generally are o d hy servyice,
provi déPEO %&%ngl?%gf 3¢ weand dacHods feseheiie, 5P AT Vel uggiary
f\ 'CfA fR g PBlveAUR ARBcaBih. e AR haéq{mf&%glsﬁelﬁ e{sf&?rcﬁ@@péi‘ﬁﬁ‘ﬂanéehﬁcr)rlgtoﬁng,

can neke the flying aircraft automatically provide real-ti
dat a sdefte ramrdihggipecidyinaertigstjoreddiouwblepshoatimeg @rdsthafikle.| TheeA €St thenitors more

than 13, 000 flight data in real time.

30 [00024] Referring to figure 1, the method 100 further includes: at step 140, generating the
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5 requirenents of relevant departnents such as a flight operations
departnent, a operations departnment, a maintenance departnent and
like. On the other hand, the ground station can provide multiple

to. the fl ft h | _inf tiop,
o rway SR oo Bristindbh bdterfy SRR THPaloreh bE et e P G E et
like, s@id8. TRe ATMHCAd Jszﬁw ¥ak ahtoatmicab) %bﬁéfat@fm&@ﬁé% Yin@hdiak rspeafit data

and the service |level to passengers. Now, nornal ground-air
conmunaerding tacteakime mcsutpredrd@%hvﬂigm ¢ chiiainl megér ceortviticmis umt Agcording to one

such benbfatenl Bhe aEPet sivinti JBF SORSSRER AN So0P5 kP Prashiile me

ands enB@gﬂ@Iﬁizg@ug{eg@gg_ed ability of the communication bet vveen t he

ground and the flying aircraft. [00030] According to one enbodi nent of
the pre i nvent i t ust oim S e t '

by a comalﬂcat?%{l\ﬁ%gl\}? ce or gés e%ggnajgl%d%% %ﬁj’i@sﬁ‘% Sn&?%mst t(gﬂcraﬂ
Tel ecointegratedtDan SVetem)r Kheé /DT\PLDJ (D0 08hhRaheaitrime i ahé icorelof theeAIDS. The
met hod 100 further includes: step 180, detecting the perfornmance

of theDPA¥Fagthe Bﬁ%wgdwowﬁaom 1989 nessage. The val ue of
paranmeters reflecting the operation status of the aircraft can be

obt ai nedoligctingt frecassiag anil zedrdieg smgy pakineet@d ip thef apreredin ¢echoding Pata from the

m)n'to d h the val ues of these paraneter and mai nt enanc

o ohar bl bl o piEmrErare sred i guRaeh hav a1 B08s T DEHG U or
accor dhﬂ@xt%ﬁlaﬁﬁ%&'dfef §u&iz[s Ezf}BHBS rBerdQ]BAR) oposed for many years.
However, it was not wel ied to detect the performance of the
aircraft a in ort :
cost | of SEEAUIESTRRE P ?’1‘3?3&%‘% difpgg?%n% 5o e REE P SHE Juleh 1dCrigecr
mai nt ea@x{tﬁ@orpamaasﬁéaebpﬁfef@fcmdstaﬁls @r rswémqaraﬂaefspne@emﬁessergeema §bred a
solves this problemthrough the custom zed nessage, so that the
st at us ngavalaide giorage afameryin W& MK tored in real tine. The present
invention fully uses the function that the aircraft data system can
obtai n [(9826lat aReferrdppetoathicofiig. 1 tieusethbd t106 farther mthdes at tshgt ldi(he;toring or
custom zed ness %e can b ﬁenerat ed flexibilit ccordi nﬁ to th
act ual YP%%FW%@ {Customizpd THesSHFs AGRYAIE PeeyrRbodiment afd %Qfeé?‘&?r‘%%Fntlon
and 30tl{erc%@t%mlﬁédeiﬂe£ &9%%@&@%&%m%&&@qh%m&w per f or mance

of the aircraft. In order to reflect the“status of the

alrcraf cur I t he ,vagl ue a ers..obtained directl
feed + ol GR2ED, | ‘§‘8$°é “g/i§c°8F(?F}P33%e“§ﬁg h Bl m P Bk Yitobidei thisbage
i nvent cnbe triv@nfitied BYhz AL ATES S28G aft TohUHIGS 4R RiRésSiie a8l Repbiting Syktash).
directly the status of the aircraft and auxiliary paranmeters for

coP? ecTPA GRS irad Aigiak dateliek gystqm@uﬂmpvw@hng)meaﬁaae kie--tshert gagssags) through
flyi ngrasdtlc?tolllSSatetbPé E ?n \cliggt glpcr anrde%h c} Q‘teatl%ﬁaﬁ)k‘tﬁn&rs fh%eal?—'gfo%af Ina
va e maln

best, needs to be se al n es of

par anegmuadcgfomaﬂgeaﬁmuﬁamﬁﬂﬁ&t ﬂdhs cofnnivngcadivs tothe zaatingresbagEzes information
Moreover, as to a specific tinme, a sane paraneter can 5 be neasured
many t PREENEHd then an average val ue is obtained, so as to obtain

nore accurate result. O a maxi numvalue or a mninmumvalue in a

peri od [G00R&cor Tﬂh@lAleXR&fsi @niprisedriof av abioess ebmphter naled Ao@ARSBnma‘girryunit

auxi | i par rret er eref or t f t he .mai n  par anet

aust i PP aigplagryn gDy e XA iRl ot SHARE 104 Pros e S @io
to Onedfgﬁtam'é%a%és'tggﬁﬁ fl%ﬁﬂfﬂlbtgk&ﬁﬁ 0&%@@%5& %@Rmmls%@n@ﬁ%d of a network
embodi nent of e present invention, thé val'ues of main paraneters or

auxi | i aojudoag tegremd statonddfheyingd radio trangneiven Mideh eandeseie @]@smﬂ fricesgges
condi ti as to |tatedtect| erfor nceo

ai'ror ol 188 3Eetebe] Sitest e gl i BReIR o el B fer Bl whfyigers, and
mai N pafsaifiereteil 6PMesAgPRD Yespective servers of different airlines on the network.

30 [00029]  On the one hand, the ACARS can make the flying aircraft automatically provide

real-time data such as flight dynamics, engine parameters and like to the ground station of the



status paraneters of the aircraft to formthe custom zed nessage,
especially for conplicated 15 systens which have nmany paraneters.

[ 00037] According to one enbodi nent of the present invention, nmultiple
paraneters related to the gperation status..of the aircraft.are .

bt a1 e YA Peepiniaee e A IhebRut ke fafilf bt iniurign gy e
L0 T eSpRfuntV&atidty SicC Mat | B! égedtingN oritrddll ceite@ ofdihel BRlifMR Ickh Pdiftain real-time,
paranmeters. It is possible that the correlations between sone nain

par aneveinéeraipéeds erbagreat Aeal if fighh data apd relReang éfommationeona 3PPHeR RS slem
may re re?éso%né]n , rs‘@:?%h%)l; o%&'r’]nOtaPrgrraft%a' ) z{?r?iaﬁ%e& fhr tﬁ@%frg%?tr ﬁ-l r&al rm 8 et
parameters that have strong correlations can be renoved through

cal sul aquitgmichie EOrel@hat HenstmeAeC oidl AP at Dighnepeahiedl denktneht,t d@perations
present. application, the nethod may conprise: cal cul ating

cor r el deptiaenbed Weadpterance idspatent rngaliemdine i ot hardadle BEPudestaion can
Pot nech P He)sErRt ho DR B LRerR RN HaRoRABLEH k@R ion, airvay

par amefrdfosnatan, iveubletlaioniag, mydsercei for teherganky ifphle andilikepao aavetoeershaacee the
i ndependent from eac not her and can reflect qperation status of
aircr agtlare%fﬁﬁ% ﬂ@rﬁys?P fa%@wg]aﬁe Hdrige SEvisdewio prieRgerD N heromal Vfie
Pr §6eNprdy RS IcBmuntcalin CAnRE ACLRILAGH bultRhel BRI ARBAA! 5 Hrmati
higﬁlykfgﬁatedcton?ﬁémPa?lure events %&1 e gﬁ@créft t hr ough datarmalon
m ni ng tr3femikted b nigs o and spedat Aowf Inhenfrastt sush di-daectivpbledata cahmtigidation

to the operation status of the aircraft e parts of the .

i r or aF TR b DRy e vt heros et abily BE Heocmigion between
[ 00039}ckentt 4 the 1R adk@di ment of the present application, a
correlation between thé data change of the nultiple paraneters and

the fai ve f the airgraf 0 nent 1.s_cal.cul ate -
tar 1 ur el BOERE S “Biforfing g it Blberh APRRK Bl dpfBoly B Sfluotifha mossage
pangmetel sbe FeinseM@e| 18 4 f camansvativny gRNicsY ot epyshas Baseéalkn EhecrAviation
oxygen _pressure parameter would drop rapidly If an engine

mal f undeicepramugicalitaNedierk oo of t he engine woul d drop rapidly The

5 deteriorations of these paraneters indicate that failures occur.

The cor [@#I0at] onRefining &t &d. lhehevaethad pel dimdteerindfiddshet oper B0, detecting the

status of. the aircraft. ang a g{fra ter indjcating fai ure eve can
refl ecPer{OW%loit YhSnalffé? 08 Bér SRABYCQBCTHE £ 119 UPE° YeRgrameters
Accor diggeclife MR% RO sIRRlorIhe 4iRSaPEASEIEbARRA FEAL the BustbfBred message. The
correlation %et ween the paraneter of the operation status of the

ai er aperiomehnct ecap abeamsingtorddn thireughi Hy vhloes af |thess parametersarangdemaintenance

cal cul gt ed. usi,n he 10 partial cqarrelation nmethod. A plurality of
parti al Coé]glmoéllbzfg?%ﬂm %g?g?ss B ﬂS@Ee‘feﬂ‘ statistics can be applied to
the enmbodinent |If the correlation cal cul ated between the paraneter

and t helG0832Lir eMaindpnanre agpasdimar tot spgpifis ¢irpuEstasces hasheqsapiopased, for many
shoul d . I ! l . i o
ot at s Yo A8 AP IR PALABRLFLG 0% oL RERY Bl Fi B o Mieinain
par anmetley srcr«ft. @redniportapetaioh anthetcatius detodihe thei flightafata i9soonbigh o thaa such
met hod. 15[ 00040] The val ue of the threshqgl d determ nes, the nung,er OE

t héd f i FMANIEMINSS FANQTehe PHAGTAIFEL 3 & TOWH- (e Bresnt Jnwenting 9byer Jhisapreblem
detect i i i I t : ;
the peroramtne HelpEld itk hohalind SBlusl T AR LaR baf DEpIRIRA id Rl e
par aneflae presamdntdmion duliyehss ittonfuattieaihht thé atrbeftriata syples grarcoen dresdatasof

not strong, the val of the threshold shquld be | ower .to obtai.n. nor.
par aneBfx flOrAé’EfiBJrsd(?funéletaérc s@ 6%&%%@8?12%81%?5% ot heﬁnera?ed ﬂex1b1ﬁty

appl i catdRMing dof MBI LR EGrdn{EneS Bk dhb ScuBtoRtifed mebdagh NP Vel fBRACand
of the aircraft relates to a few paraneters, and correl ati ons of sone

paBanetrensanigicéd cat cangnienthebeadeddo détettibe pdrfeshotaofdhaaibeafi gher to
reduce unnecessary detection. According to one enbodi nent of the

[00033] In order to reflect the status of the aircraft more accurately, the values of
parameters obtained directly need to be corrected. According to one embodiment of the present
invention, the customized message includes main parameters reflecting directly the status of the

5



of an aircraft. The main function of the APUis 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 nmain

engi ne before.the .aircraft takes off fromground without need to rely
on & PBEFAR B4 AT SRS 1S OVRRReEYRE (6 AT PRSI, o af t . When on
the ground, APU also supplies power and 5 conpressed air to ensure

t he |i gH00A4] andVhenrebiomias thodatngf fingtséates dheplimeaybich apn mefloph e stafes of

aircrafit t. fo t n, be e S r er o
o e SEERER necbfy SEREAR P OHSILER Dr R am ALA Sl awiiry
ai r - copgliatrictsnt BYthe ALRAAZNBedsuFE NRSVES asABlA fRbEICNiME 4 Sencopeiratten tan

stability thereof directly relates to flight cost and quality of
ser ¥i c8¢greaped Manyrtipes anoheibokaverpge Yaee phdsiaed, gp agda phigine@erepgccurate

the 10 u S . i I td

the APCR-Par pagii Ve RO £ RHGEEm PEFul SRR B -BAGd T HAT hAf Bl
t r oubl estieohain@amnctterBbninesilarg @aindtdre TAlkéfadeywhy s/aliee of the main parameters or
post - processi ng. However, anong the equi prents . of aircraft, the .
mai nt e ASHEEYCRAEFMEETS b PO N GrelmIngs a%agtg]ng I FEPOPTE (©0e0ngr OTRprastrigger
APU is bl ghegts, the cost for storing the spare parts is higher, and

the repair cycle reaches up to 4-5 nonths. The stabl e operation of

t he APU t 15be guaranteed .due tqg t oSt - processin .
it on DS noPEOUERE fhant aipobiegt o e Broselc BN ERiPnghe Al of main
di rect ?Hraﬁﬁtb?@& &8l Daradcker s Blea¥v@¥@NnioGh Qal8ELWREE specified condition, so
[ 00045] According to onhe enbodi nent of the present application, the

oper at e®tp Beiditaie detectingdhg\peyfarmangreoidbe eirerefied t hr ough generating a
custom zed APU nessage. When determining the main paraneters of the

cust om pEd36PU Ireissagiticdt probleh ilow @f sddédt BREKE IndieIpat#ndt@s Zbm so many
operation status of the APU because the APU systemis relatively
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25  parameters. Thus, multiple main parameters can be obtained, wherein the multiple main
parameters are independent from each another and can reflect operation status of the aircraft

components.

[00038]  According to one embodiment of the present invention, it is can be determined
which parameters are highly related to the failure events of the aircraft through data mining
30  utilizing existing data of the multiple parameters related to the operation status of the aircraft

when the parts of the aircraft failed, so that the main parameters can be determined.

[00039]  According to one embodiment of the present application, a correlation between the

6
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data change of the multiple parameters and the failure events of the aircraft component is
calculated. The failure events can directly cause the deterioration of some parameters. For
example, if a crew oxygen system has a leak, a crew oxygen pressure parameter would drop
rapidly. If an engine malfunctions, a rotation speed of the engine would drop rapidly. The
deteriorations of these parameters indicate that failures occur. The correlation calculated
between a parameter of the operation status of the aircraft and a parameter indicating failure
event can reflect a correlation between the parameter and the failure event. According to one
embodiment of the present application, the correlation between the parameter of the operation
status of the aircraft 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 should be used as a main parameter. The main
parameters reflecting status of the aircraft can be obtained through testing all of parameters

related to operation status of the aircraft using such a method.

[00040] The value of the threshold determines the number of the final obtained main
parameters, and the accurate the performance detection is, and certainly, the higher the cost of
the method is. If the performance of the aircraft component relates to multiple parameters, and
the correlation of each of the multiple parameters is not strong, the value of the threshold
should be lower to obtain more parameters. According to one embodiment of the present
application, a range of the threshold is 0.3-0.5. If the performance of the aircraft relates to a few
parameters, and correlations of some parameters are strong, the value of the threshold can be
higher to reduce unnecessary detection. According to one embodiment of the present

application, a range of the threshold is 0.6-0.8.

[00041]  Therefore, the main parameters of the customized message can be determined
using the following steps: obtaining multiple parameters related to the operation status of the
aircraft; associating the multiple parameters with failure events of the aircraft and calculating
correlations between the multiple parameters and the failure events of the aircraft using data
mining so as to determine the multiple main parameters. Similarly, correlations between the
multiple main parameters can be calculated; and then, one or more of the multiple main

parameters are removed based the correlations between the multiple main parameters.

[00042]  Hereafter it is described how to determine the main parameters and auxiliary

parameters of the customized message through an example.

[00043] APU (Airborne Auxiliary Power Unit) is a small turbine engine mounted at the tail
7
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of an aircraft. The main function of the APU is to provide power and gas source, and a few
APUs may provide additive thrust fo 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.

[00044]  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.

[00045]  According to one embodiment of the present application, the operation status of
the APU can be determined through generating a customized APU message. When determining
the main parameters of the customized APU message, a plurality of parameters relate to
operation status of the APU because the APU system is relatively complicated. For example, the
operation parameter in the stage where the engine is started includes the EGT, 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 EGT peak

value, the rotation speed at the EGT peak value and the load compressor inlet temperature.

[00046] As to the engine, there are two most important indicators influencing the heat
engine, one is the service time, another is EGT (Exhaust Gas Temperature). When the APU has
a failure, the EGT of the APU would increase and be close to an limit value. Therefore,
valuable information can be obtained from these two parameters. In this embodiment, the
external influence, such as the altitude, total air 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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[00047] 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.

[00048] 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.

[00049] It can be seen from the above, the angle of the IGV and OTA can be represented
by the TSR, STA, EGT and PT, when the APU components operate normally. It also can be
seen that the TSR, STA, EGT and PT are relatively independent, 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.

[00050] The generation of the customized message also can be customized. According to
one embodiment of the present application, a first process, which is used to monitor whether the
trigger condition is met, is started in the aircraft data system firstly. If the trigger condition is
met, the aircraft data system turns to a task processing customized message to perform relevant
processing on the customized message. An advantage of such design is in that the task for the
customized message need not to be monitored by the aircraft data system under the untriggered
status so as to save the system resource. Only when the trigger condition is met, the task for the

customized message will be started.
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[00051]  According to one embodiment of the present application, the first process starts a
second and a third process, wherein, the second process 15 used to monitor whether the
condition of generating the customized message i1s met and the third process 1s used to collect
the values of the main parameters and auxiliary parameters required by the customized message.
Moreover, when the second process determined that the condition of generating the customized
message is met, then the customized message is generated using the values of the main
parameters and auxiliary parameters collected in the third process. The condition of generating
the customized message can be controlled flexibility in such a manner, so that the customized

message is generated only when a certain condition is met.
[00052]  Hereafter it is described how to generate the customized message.

[00053] The engine’s bleed air system is a premise to ensure safe and reliable operation of
the aircraft air-conditioning system, pressurization system, wing anti-icing system, hydraulic
system and the like. However, the maintenance of the aircraft has been struggled with difficult
issues of a high incidence rate, high repetition rate, long troubleshooting time and difficulty. At
present, normal methods cannot process data timely and accurately, so that the troubleshooting

cannot be performed timely, which may cause a disruption of flight even major unsafe events.

[00054]  According to the method of the present invention, the engine bleed air system can
be detected through generating the customized bleed air message. For reflecting the
performance of the engine bleed air system, the outlet temperature of precoolers of the left and
right engines need to be detected. If the temperature is too high or too low, both mean the
engine bleed air system may have failure. Therefore, the main parameters of the customized

bleed air message includes: a period in which the outlet temperature of precoolers of the left

and right engines is higher than 220°C or lower than 155°C, and the outlet temperature of

precoolers of the left and right engines in that period or a maximum value or a minimum value
of the outlet temperature of precoolers of the left and right engines in that period. The auxiliary
parameters of the customized bleed air message may include: an altitude of the aircraft and the

ambient temperature.

[00055]  According the method of the present invention, the first process is started in the
aircraft data system to determine whether the aircraft is in takeoff stage, climbing stage or
descending stage. If it is determined the aircraft is in takeoff stage, climbing stage or
descending stage, the second and third process will be started, wherein, the second process is

used to determine whether the outlet temperature of precoolers of the left and right engines is

10
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higher than 220°C or lower than 155°C and maintains for more than 5 seconds, and the third

process is used to collect the outlet temperature of precoolers of the left and right engines,

altitude of the aircraft and the ambient temperature at every second.

[00056]  If the outlet temperature of precoolers of the left and right engines is higher than

220°C or lower than 155°C and maintains for more than 5 seconds (duration), the customized

bleed air message will be generated according to the collected outlet temperature of precoolers
of the left and right engines, altitude of the aircraft and the ambient temperature and

corresponding information of the duration.

[00057] The customized bleed air message can be stored in the DMU to be viewed and
printed by the flight crew or repairman. The customized bleed air message also can be
transmitted to a server of the airline by the ACARS so as to monitor the performance of the
bleed air system the aircraft in real time. The airline on the ground can make a decision
according to the determined performance of the engine bleed air system, even require the

aircraft to land and to be maintained.

[00058] According the method of the present invention, the trigger condition of the
custoimized message or the generating condition of the message can be modified. For example,
the trigger condition of the customized message can be configured to make the customized
message be generated at each flight. An advantage of such manner is in that a lot of selected
flight data can be obtained conveniently. As to many performance detection models or
maintenance models, they need a lot of actual data for training and leamning, The customized

message is the best manner to provide such training data.

[00059]  After collecting the customized messages of multiple flights, the performance of
the aircraft can be detected based on an actual physical model, a feature evolution model or an
intelligent model through using the data of flight status provided by the customized message of
multiple flights.

[00060] The so-called actual physical model is a model, which is built using the actual
physical characteristic of the aircraft’s components. The model can actually reflect the real

status of the performance of the aircraft.

[00061] The so-called feature evolution model is a model reflecting the performance of the
aircraft through the decline rates of the performance of the aircraft. It is built based on the

known fault models. This model also can substantially reflect the performance of the aircrafi.
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[00062]  The so-called intelligent model is an “intelligent” model formed through learning
or training from lots of data without an accurate mathematical or physical model. Neural

network model is a common intelligent model.

[00063]  Different models can be built for aircraft’s different components so as to reflect
status of these components. The customized message is helpful to build these models. Moreover,
the customized message can be analyzed based on these models so as to realize performance

detection of the aircraft.

[00064]  According to one embodiment of the present invention, after the performance of
the aircraft is determined using the method for detecting the performance of the aircraft in the
embodiments described above of the present invention, if the results of detection indicate the
performance of the aircraft already has failed, the aircraft can be maintained immediately. If the
results of detection indicate the performance of the aircraft is in the decline period, the aircraft
can be arranged to be maintained at an appropriate time. Therefore, the “condition based”

maintenance can be realized.

[00065] Hereafter the method for detecting the performance of the aircraft based on the

customized message of the present invention is described through three examples.

Example of the crew oxygen system

[00066]  Fig. 2 is a schematic illustrating a performance curve of the crew oxygen system.

Every oxygen system has a certain level of gas leakage, therefore, when the temperature is

fixed, pressure differenceAP will be produced at different time. The gas leakage rate can be

represented as PL=AP/t. When the gas leakage rate is stable, the performance of the crew

oxygen system is in stable period; when the gas leakage ratio PL gradually increases, the
performance of the crew oxygen system enters deterioration period; when the gas leakage ratio
PL is larger than a threshold Py, the performance of the crew oxygen system enters failure
period, failure may happen, which can influence safety of flight and easily causes unscheduled
maintenance, and thus result in delay of aircraft and being grounded. In present technology,
there is no any means to detect if the crew oxygen system enters deterioration period. However,

according to one embodiment of the present invention, this detection is possible.

[00067]  As to the crew oxygen system, the main parameters are easier to be obtained. The
oxygen pressure of the oxygen cylinder is the best main parameter for reflecting the

performance of the crew oxygen system. Since the oxygen pressure in the oxygen cylinder of

12
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the crew oxygen system 1is related to the temperature, the oxygen pressure and the temperature
in the oxygen cylinder must be obtained simultaneously. However, a temperature sensor
generally is not provided in the oxygen system. Therefore, the temperature in the oxygen

cylinder need to be calculated based on other temperature which can be measured.

[00068] In consideration of the position of the oxygen cylinder in the crew oxygen system,
according to one embodiment of the present invention, the following formula can be used to

obtain the oxygen temperature in the oxygen cylinder:

_KkTat+k,Tc
2

r M

[00069]  where, Tat is the ambient air temperature or the temperature outside the airplane,
Tc is the cockpit temperature, k1 and k2 are adjustment parameters and k1 + k2 = 2. According
to one embodiment of the present invention, k1 > k2. That is, the oxygen temperature T is
related to the ambient air temperature Tat and the cockpit temperature Tc, and the ambient air
temperature has greater influence (is more relevant). Certainly, other mean value formulas also

can be used to calculate the oxygen temperature.

{00070]  According to one embodiment of the present invention, kI = k2. That is, the

formula (1) can be changed to:

Tat+71c
2

T=k

@)

[00071] where, k is the adjustment parameter. According to one example of the present
invention, k is close to 1. Each of k, k1 and k2 can be obtained through measurement or

statistical analysis.

[00072]  According to one embodiment of the present invention, k = 1. Then formula (2)

can be changed to:

_Tat+Tc
2

T

&)

[00073] The oxygen temperature obtained based on the formula (3), which may be less
precise than those calculated from the formula (1) and the formula (2), is enough for the system
for detecting the performance of the crew oxygen system in this embodiments of the present

invention.

[00074]  After the oxygen temperature is obtained, the crew oxygen pressure measured
under different temperatures can be transformed into the standard state pressure under the

13
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[00076] At step 330, the generated crew oxygen messages are transmitted to the server for
15  processing crew oxygen messages. At step 340, the oxygen pressure 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 20°C. Certainly, the standard temperature also can be other

temperature.

20 [00077]  As shown in fig. 3, at step 350, multiple sets of standard state pressure data of
crew oxygen system at different time are obtained in the way of steps 310-340. After multiple
sets of standard state pressure data of the oxygen of the crew oxygen system at different time
are obtained, the performance of the crew oxygen system can be determined by processing and
evaluating the obtained data. Fig.4 shows an example of customized crew oxygen message

25  according to an embodiment of the present invention.

{00078] At step 360, the multiple sets of standard state pressure data at different time are
analyzed, so as to determine if the performance of crew oxygen system deteriorates. Or, at step
370, the multiple sets of standard state pressure data at different time serve as one sample and
then the sample is compared with another sample of another set of standard state pressure data

30 of the same type of aircraft, so as to determine if performance of the crew oxygen system

14
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[ 00055] According t met hod of the preSent invention, the firs
pr ocessei, snstheduled replacdmecndi afcoxafeen datindes yhefem flighd etusedribyethehfacththat the

(e 2 k8 chieblet BEAR A P B R PR B0 SRR g

st age gfe gespediderd: st age, the second and third process will be
started, wherein, the second process is used to determ ne whether the
out | et at yr f precqol ers:. t nd ri.ght i i

o [RRELSG MG oS58 nd Sle B s BRBHBRS g cron
secondsxygedcybias dafibedictermined through statistical relation between the oxygen standard state

pressure Ps of the crew oxygen system and installation time t, of oxygen cylinder of the crew

oxygen system, and through the calculation of the slope of fitting curves.
25 [00083]  The relationship between Pg and t, meet the following formula:

P=B1+B2*t,+p (©)
where, P; is the standard state pressure, t, is the installation time of oxygen cylinder of the crew

oxygen system, (81 is an intercept term which relate s to flight time; 52 is a slope term which

indicates the gas tightness of oxygen system; Mis a random term which indicates uncertainty
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process is used to collect the outlet tenperature of precool ers of
the left and right engines, altitude of the aircraft and the anbient
tenperature at every second. [00056]1f the outlet tenperature of
precoo ﬁ&ﬁ’ﬁg %ﬁptleft and right engines is higher than 5 220C or

| ower than 155C afid maintains for nore than 5 seconds (duration), the
custom zed bl eed air nessage will be generated according to the
collected outlet tenperature of precoolers of the left and right
engi nes[00884] t uNeanivalup ef hicer batkprassdd ehévllamigint t enperature and
correspondi ng i nformati on of the duration. [00057] The custom zed

bl eed air nmessage can be stored in the DMJ to be viewed and 10
printed by the flight crefsr= f.f trad,, )} The cust oni72ed bl eed air
nessage al so can be transmtted #0 a server of the airline by the

al For a?ﬁl‘reiaes &t g‘ﬁﬂfntbglr of%ﬁlppe%r;{o?ﬁtmgﬁ ﬁé uddd§n B uﬂtfo systemt he

I'n re e alriitne on the ground can na e a decision
accor di [umoss) thMedﬁbﬂh%ﬂPQcﬁ%d‘é?{pE’%@&ﬁas%llém engi ne bleed air
system even require the aircraft to land and ?o be mai nt ai ned.

15[ 00058] Accordi ng the nethod pf_,the present invention, the trigger
condition of the custonlqed ggge.prptpe generatrqg)condrtron of
the message can be nodifi éd’ exanmpl®, the trigger condition of
t he custom zed nessage confi ured to make the custom zed
messag& 58 Behibr Ay ela?fc Searpﬂbrdrnqnaﬁ 1k arg HRed R Myecauladio’n manner s

a0 niROBE: 763 RERED: Boserin ROREIETBrmE s Ru R arhee babane: &)

they need a | ot of actual data for tralnlng and | earning. The

custom zed nessage is the beﬁ; gre prpvrge such training data.
[00059]After coIIectrng t he gt ssage of multiple flights,

t héO per f or mance of  thef - ed ba§¥d on an act ual
physi cal nodel, a feature evqutQ@@angel)br an intelligent nodel

t hrough usi ng the data of flight/status provrded by the custom zed
message of 25nmultiple flights. [00060] The so-called actual physical
nodel is a nodel, which is built using the actual physical

char act gigog¥) C ‘I?ﬁe €53 ﬁ SaRE VANROTRENGMIR, s GaiiD e d@cht: R WHAe! the air
reflect t he rea at us o the perfornmance of the air t.

[ 0006 1}@111tee$®>f caiw exiyg‘eﬂaystem ieVidleyiet formamed of ciesr @ ygeu eystemebzhebet detgrmined

the perfo ce of the 30 craf rou e decline tes of the
per f or ﬂ’éﬂ‘é@a@‘#e‘#ﬁé %F‘P%f‘r %ffat,?i 1% th% S@BP It?gfmoté[hésd’e H“P"HE’C c?\‘iﬁ’r"f)éftﬂefl system

rm@g:l S alsd RhF bR SImiAE P BrSh Iﬁ%% @B&ﬁuﬁiﬁs\én e eh "slobB?exﬂ% ok QTR GirQhfis.
t e aircraft. [00062] The "so- cal ed intelligent nodel |s an

"intell % e med t hr %' or trarnrn L
dht s i (EBET L RAEh pSfoiRing Rbosfihons Fslelith 8 b BhyBth 'Sl ke Fbove
net wor klof®deleciién cB@MBNwbildebd baentif MEels nd QGISehidnt bebR eandﬂH& or

can be built for aircraft's different components so as to reflect

st at us oBYgenplétgindbepaishiertesartied by date rointsovinels srggied B the cgewlptiany

buil d these nodel s. Moreover, the custom zed nessage can be anal yzed
based of000Bgse nudehdingao aae embodmhdnz of ey preseme hoentled, ehé idetweriofatibief the
aircraft. [00064] According to one engodrnent of the @gesen

i n¢&nt P%‘ﬁon%t’t:‘é? ﬂ]ﬁéreﬂié?t‘ﬁéﬁeﬁéﬁgémﬁ réetsrped firongh dedrdensient Wﬂlﬁ’;te“
t he nehbggmkﬁrmgetectrng the perfornmance of the aircraft in the 10
enbodi nent s “descri bed above of the present invention, if the results

of dete i ndi cat.e .t he nce of the raft al ready has

Fai | od. (QoRE0 rSinge tedbitryl OF ol Treried e B cfigpbelor Hign phesiitE ansyybe
det ect b@%ht' R bbRbRdtRAIRRI :i Ak PRRGRe (ﬂfucttuﬁﬁes 3ldafly @tﬁleﬁlﬁed fud BehEBFERR by
period, The aircraft can be arranged to be maintained at an

appr optheaﬁtemg |ane1raq§heﬁ ettemel tetrtperahufe m:td ﬂﬁf@ﬁld‘ﬁamdfacmf thecprassuee ssaporbEor
reggiz ed 15[900@? E t he fo detgftrng t he perfqgrmance
I'BdUCIHg € 61’106 t c accuracy 0 emal cmperature and accuracy o € pressure

sensor, one embodiment of the present invention does not use the leg leakage rate, but uses two

points which are more than 24-hour apart to compare the pressure at those two points, that is,
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custom zed nmessage of the present invention is described through
t hree exanpl es. Exanple of the crew oxygen system [00066]Fig. 2 is a
schematic illustrating a perfornmance curve of the crew oxygen system

Every oxy em has certain |evel as | eakage, theref
when t AR %M‘bbﬁ%mr%v dftkega ratgiaas &eéta ¥ b TREr I 9 o be adopted,
pr Oduciﬁjchaats A 1Btfeﬁfa?%1cfh' a&?%&a@ ARRkRAE: hBﬁ‘nt ﬁde%ﬂﬁhﬁ@ ﬁ%ﬁ%@g@tlﬁq data

as PL=AP/t. Wen the gas lNeakage rate 1s stable, per f or nan
t he cr pwinorifes wassed thyrmaipling, Bﬂzatﬂag becr dod; romngraveﬂage gdnmhl wekmghe average

Cyst onVBHE & Satattt FBRCAT SrP w DODS, B PERE Yaled B DL a3

| ar ger ghhan &hl# fahee%aﬁlb %lt-l%r dabe Per fzox 'Elﬁ?scﬁls@fcaﬁ R 1E& WafHY 8L Bpecial data
system enters lure 25 period, failure may happen, which can

i nf | uepesligaf.ety of fli ght and easily causes unschedul ed nai nt enance,
and thus result in delay of aircraft and being grounded. |In present

t echnol p@po1t heaecdr8ing@o Ay eliBadifehCofdRé feberlt inviehRor HIRVR DKy IGEteSMB S €S
enters deterioration period. However, according to one enbodi nent of

t he pr&dbng aysogmieplsge relil «det ,é‘émlbwdwéteﬁ@g@p@na@ce POoGBTPYEeR SY§itE, can
crew 0’6¥98@ul§t¥:ﬁtbg foﬁ%“@%nﬂﬁfaamt ers are easier to be obtained.

The 300X e oxygen cylinder is the best main

par amet er for reflectl ng the perfornance of the crew oxygen system
Singe the oxygen pressurg in i xyge der of e Ccrew oxygen
syé emis related to the]%t“@ﬁ‘peh 3r%“ l'Fhe Bxygen pre(ss)tt]re and the
tenperature in the oxygen cyli nder must be obtai ned sinmul taneously.
Howev ewheze, h énthemambereofsbtemprintgemddayd.y i s not provided in the oxygen
system Therefore, the tenperature in the oxygen cylinder need to be
cal cul at®§9%ks eﬁc%ﬂﬁd@gﬁéroﬁee%@?@{nﬁmeomecﬁe% ipenHamsyhey it 35 required to

[ 00068}, if téfoc?exi? &%:% sgzeé}nt dh%Hgé% z&%rtgﬁtypgﬁpd C(# g sh tHaE‘penod
t he crew oxygen sys em acco 0 one-enbodi men e present

i nvent canbe télectédhs aweingl fantpies mcaawhide ansthdr tai afbiaml of drharaxly géthe same
te eraturelnt 0 |l inder: k. Ta 2Tc = 2

| 00b6OReRB, ber Sl ERancifth SO P S PeP AT 1S (EhEpat fan are
out si d%ghﬁﬁ:aﬁdi BifRRSy, ti&ﬁ)u-éﬁ rﬁa‘-’mﬂ%E c&%é’ﬂ?éoh HeQRA r8dpdtdve 1.4 ,Ql‘gf o ?e'tﬁof
adj ust nent parameters and . According to one e Abodi ment  of

t he pr emmsples,iangadingdn ;heldtatwtlkaa pl‘dﬁﬂhﬂltY,SiO thét éheopeyigpd rand dagree at deteridrafien of

rel ated l{go the apbient air tg %ruc{g Tat and the cockpit
tenperB? Pranapee OSHEV (M eEGh B ture has greater influence
(is nore relevant). Certainly, other rrean val ue formul as al so can be

used t o[Q08PBLII at Acqording kg gencmboiment girtae PESEIS QUED} iR GBIEPE Fiowpnef two
( g?ﬁ) g;g& rof o t%‘ %H(g \éﬂﬁa%%g %H‘P'L ,E%g?}e c%i‘cu&zh%dogﬁﬁ%%ggﬁfg §1 13 tBQ %ﬁﬁﬁ{c%k‘ the first
adj ust g&nif macg@n(&mmdmg\@czma); 8% sahersriaxamplie mfcoxﬁm@etmfﬁg@h (including m
data). Since S1%/82* should follow F (n-1,m-1) distribution, the value of F can be determined by
searching the F distribution table. It can be determined if the difference between two sets of

data is significant according to the value of F. If the probability that the two sets of data belong

25  to the same distribution is less than 2.5%, it can be determined that the difference of two sets of

data is significant.

[00094] It can be determined if the difference between two sets of data is significant
through other 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

30 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 deteriorates according to the
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invention, k is close to 1. Each of k, kIl and k2 can be obtai ned

t hrough neasurenent or 20statistical analysis. [00072] According to
one enbodi nent of the present invention, k = 1. Then fornula (2) can
be changed to;, T -Tat +Tc 2 (3) [00073] The oxygen tenperature

obt ai né rﬁ%es‘é%ueo?lfl?ﬂ(@g%aﬁ?ful a (3), which may be less 25 precise than
those calculated fromthe fornula (1) and the fornmula (2), is enough
for the systemfor detecting the performance of the crew oxygen

system | |'S odi ments of the esent invention. .[[00074] After, . fhe
oxvgen 1DRBa} o TReTebEmeR: e fablos Autteas Br Rk oS At Eqitieren
under g & BBkarh e TReR! B §SesCRt H€a LIRS QRRRG dNe shing tHiaMi@fetore, this
state pressure under the 13 standard tenperature, so as to nmake a

conpar nethwdandlaxaile uMateoverh éhié defleattm manesr iTmet Emated dydeplacgnaent of oxygen
pressure.can be cal cul.ated the foll ow formul.a:..3 where, Ps
<t ho el ang Coarirroul et BeaiPd f Rt uliiermd tenito Sicpimed on
t he ob},aifgethneX ¥HeRwO0BeS SWtém hRfvRied befta aHd aﬂ&nﬁep1ale1hé1ttdir%xg%éfg®mnder
t enper at ure when neasuring. The standard tenperature can be 20C.

Cert ai A OXYgepatyigandar d t enperature al so can be ot her tenperature.
[00075]Fig.3 is a flowchart illustrating a nethod for detecting the
per f or npooeepf  Hbeirufieyy hoxy @edetéitien s@ificoit obarige @b edltdadpdrtiinande of
the present invention. In the nethod 300 for detecting the

perf or fEENC @xpgen; Fistcat aRng HPe anctlyd ok e Breserinveniion; i described thyqugh some
310, thenpd@nxygen pressure data in the oxygen cylinder in the crew
oxygen system the anbient air tenperature and the cockpit

t enper at yr re obtained At step 320, ¢rew axygen, nessages. are

gener at ROGZE or g 19 S TG SR B s B LU B L AT H o e MErb Ry pepyossure
cyl i ndef okfuehhf thd 8%&g@fi)é§ﬁﬁﬂe’§)6¥i]’?‘d“@re@vhﬁy%&@éy%i&n ghd meRITPRE MY SecBRfing to
the cockpit tenperature. [00076] At step 330, the generated crew

oxygenoneswhodimeat ef the aresenttinesitivn Theecusey shomwnfinfigl 5 iphetessbe pigndardwate

O e RE BF Bl sor bl A o SR RO FR Bl i SR M Fhosrdipto

Pressuki suidierd dtive psdsaute af dx JRARAE atddb@idpyith8 gt 687 teefoudd G818 tHFokBula (59)
the anmbient air tenperature and the cockpit tenperature. The standar

t enper &f slope detactinn method that depkagerate plecre W ARy aeUSIStD rlatzar dorg o0 HAM029
e SR BRSO i AR POREDL S0y Tl ng AbBh R oy
system deteriorates and has entered deterioration period.

20 [00098] Fig. 6 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. Fig. 6 shows a process of replacement of oxygen cylinder
of crew oxygen system. The dots shown in fig. 6 indicate the standard state pressure
representing actual sampling and transforming. Fig. 7 is a schematic illustrating the relationship

25  between a 24-hour 3-days rolling average leakage rate and measuring time of oxygen in the
oxygen cylinder of the crew oxygen system according to the embodiment shown in Fig. 6. Two
sets of data obtained respectively before and after replacement of oxygen cylinder serve as two
samples, and independent sample T test is used to determine if the two samples are identical.
The calculation results indicate the probability that two sets of data obtained respectively before

30  and after replacement of oxygen cylinder are identical is zero. The performance of crew oxygen

system declines, and the average leakage rate doubles. The performance of crew oxygen system

has entered deterioration period.
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crew oxygen systemat different tine are obtained in the way of steps
310-340. After nmultiple sets of standard state pressure data of the
oxygen of the crew oxygen systemat different tine are obtained, the

erfor f th . be determ.ned b

bra ovallbohg liten Fkrmaiiaie S ed ann S OEd anfe bRl AEREe Can
cust OMygRenink §Vp PFRGRRCEBS %ﬁﬂﬁogﬁeﬁfﬁgﬂéﬂﬂ dMbrddes afd eARAME GBI ra@dn p&®Od or
present invention. [00078] At step 360, the nultiple sets of standard

st at e [ibse pereoddef erewtoxgigér eyséamn, thiowmgh precessiag gneanalyingexygen pressure data

et TR ob B BT ATty AT PP BT g Fowe

di f § er emeulhiisfeoSEEPLorasddpesddhasa e anestahénké.he sanpl e is conpared
wi th anot her sanple of another set of standard state pressure data 30

of the v pe: ok :al . le bE : f

The. or et oignr g S €4 R0kt i8R £ BRI AR e R o R oxygen
enbodi sgdm odccbhiingnesatet embudintenornf theepleegt | inskapa. rlat thei methodd8a0 for
determne if performance of the crew oxygen system de%te#i orates. The

| eg | edlEARyainigtae grepferey QW%F%ysé{étﬁ"%i%é’tX’é‘chﬁ?ﬁﬁ”’b@ R qryggnyessig data
foll ow f DN R 2 5 ' ;
take- of | e B, SRy B b TP oLy 94, I drbign i Rperkibee Bud he cgpko
t he0 cr camnEExatgeenars obtagmdwid stepi §26 akyganakesagesfare ReiZerated ditoan darohed toaygen

pressure of the crew oxygen.systemafter |anding. Therefore, .
ber 1 or RERTCEe GFte 41ciE CNEaR PUBIS, Peibe ok P B s P A BleaL g g g ure
the di bh@URNGRKAP tenRRINBRN Ak B@? SBaNHREnShidl @rddW 8Rvdshan@kadel AreCtirimitted
oxygen system before taking-off 10and that after |anding. For

exanpl & thef serves. dalstep 0, hepgrewpiygepan¢ssagearage prachssad Hyothpsprver fo obtain

means that th erformance of the.cr en_system deterigrates, ..
0080t et b Bl ShE PR 8T BRg G 08 S Paii SR oL e Ragpized
acqor didigpdrauicheAP s®p 850, A% Zant Be |de@rharKagepdrifrandiof exxelpdgigeh fsystem
the leq | eakage rate L.- t1 is Iarger that 48 15 PSI/day, it neans

t he pegﬁfémﬁﬁé@a@ﬁd amevkiplasetnafgindand stasapraaties dain at d¥erepbimes yiiep 860,
pr essut C e .

bval uat G ogdes AR B DEEh S PR Ui Ren T AELRALLE I RIRFLE A ELHER e
obvi ouappropedte cieness atamgde,

Example of detecting the landing quality of the aircraft

20 [000101] The so-called “heavy landing” or “hard landing” indicates a landing event in
which speed or acceleration speed of the aircraft in vertical direction is above respective limit
value when landing, wherein heavy landing means that vertical speed or acceleration speed of
the aircraft is above respective limit value when landing in case that the landing weight of the
aircraft is above the maximum landing weight, and hard landing means that vertical speed or

25  acceleration speed of the aircraft is above respective limit value when landing in case that the
landing weight of the aircraft is less than or equal to the maximum landing weight. The
hard/heavy landing can impose strong impact and vibration on the structure of the aircraft,
particularly the components withstanding greater loads such as the wing, landing gear, engine
and the like, and cause failure of the structure of the aircraft. Therefore, the airline must

30 perform a strict safety-check on the aircraft to ensure aviation safety once the hard/heavy

landing occurs.

[000102] According to provisions of aircraft manufacturer, the subject of liability for
reporting the happened hard/heavy landing event is the flight crew. However, the hard/heavy
19



i .e., unschedul ed repl acenent of oxygen cylinder before flight caused
by the fact that the aircraft tenperature of the aircraft after the
flight and the tenperature when the engine is cold 20are greatly

nvent FONg, b R B PP CiPE I e el e AR incef most

t hr oughagifiahl s lddalg eedndd keporibe thyewn ﬂh@ﬁ’t exwgee ‘shandalikasy dk@ling has not
pressure Ps of the crew oxygen systemand installation tinme to_ of

oxygen egHcAdButdhe prescssing gansey gamntegruption ofspryiqent shgytiraraf and a big waste of

cal cul f ope of fitting curves. 25[00083] The rel ationship
betwee?i&llg,ﬂgna?l e{eggurr@éet the foll ow ng forrrul ar Ps =+ #2 * to +(6)

wher e, s . the standard state pressure Is.th
q:re%r ,

I
of 6xyg@90é9§. ndRsretgre,t FraaEmeRy 9gtenpr§ygdr:e @riglrlgl Qh‘ﬁr rflaéf’? té"éoﬁe taéTF’fﬂﬁ
whi ch tehakenSerd forf éﬂagy@rs bh® ithd 31 tscfawsh%gﬂs {RE Mapi o hpd RYi egtg event

the gas tightness of oxygen syste pIs a ndom term which™in
uncert acaoirding bt weaneRpnah detloiqye) 08&H I\tharmer/aisuelobf ol espenbwe but also

expressed as foll ow,n ") n1,1 (7) 5 where,
nis tHES @Pln&fangé‘%ﬁl%&esﬁg‘? ?r‘?‘g‘ ﬁ\é.neﬁn%lrflé }E}sed in the cal cul ati on.

[ 00085] Mean val ue of Ps can be expressed as follow ng: 4-1="

Ps- avg( P@OIM]PsApgordm@ﬁe pre embodimenhieofiberbresens invenien, ek lpﬁcsﬂ/h@@yvlmctﬂg can

? [)I? US%ﬁ 8et‘§: &(ﬁ,rc %’C@Sr stﬂlglzteg(??rgﬁ rﬁéf?‘ssssg%%;ih §31s_,tomlze§tland1ng messaé/e 1nE'ludes

but is not limited to the following data:

1. RALT (radic altitude, its unit is ft), RALR (vertical speed rate, its unit is fi/sec),
PTCH (pitch angle, its unit is deg), PTCR (pitch speed rate, its unit is deg/sec), ROLL (rolling
angle, its unit is deg), ROLR (rolling speed rate, its unit is deg/sec), and YAW (yaw speed rate,

15 its unit is deg/sec) at the time of 1 second before touchdown;

2. RALT (radio altitude, its unit is ft), RALR (vertical speed rate , its unit is ft/sec),
PTCH (pitch angle, its unit is deg), PTCR (pitch speed rate , its unit is deg/sec), ROLL (rolling
angle, its unit is deg), ROLR (rolling speed rate, its unit is deg/sec), and YAW (yaw speed rate ,

its unit is deg/sec) at the time of touchdown;

20 3. Respective maximum values and minimum values of VRTA (vertical load), LONA
(longitudinal load) and LATA (lateral load) from the time of 1 second before touchdown to the

time of touchdown; and

4, Respective maximum values and minimum values of VRTA (vertical load), LONA
(longitudinal load) and LATA (lateral load) from the time of 1 second before touchdown to the

25 time of 3 seconds after touchdown.

[000105] Tt should be noted that the data obtained by the ACMS is measured in real time
and stored in a data caching. When a pre-set trigger condition is met, it is possible and can be
realized to obtain related data (corresponding to the time before triggering) from the data

caching.

30 [000106] Fig. 9 is a flow chart illustrating a method for detecting the aircraft’s landing

quality according to one embodiment of the present invention. As shown, the method 900 for

20



10 Ecto, p2 = 1=1 I=" (to, -t0,02 1.1 (9) [00087]The (32 is a
negative value. The smaller the value of (32 is, the worse the air
ti ghtness of crew oxygen systemis. The performance of crew oxygen

SV obeeRninerH b st oF W 55 4oty SPBRTEal Toslas: ' 5 oo
det er mgpednhiy; &ﬂ&h&aﬁ{en&r@caif %@\ﬁ@:‘ }agg ggf glr%aﬁe@%n% gp&e@ 645108 wHen the aircraft

different arrcrafts. [00088 m ng performance detection
of cr eveuckgsylws yithe retishlpeaboteis slod greatde thao thepresat tvhlod, the {anding roedsege
better if there is no replacenent of oxygen cylinder or oxygenating
in t he"pEHIY eﬁ@ﬁ?@§€ﬁ&§£¥ data points which are used in the
cal cul ati on. [00089]Accordin? to one enbodi nent of the present
(8]

i nvént i B9010He Hds ensussdathriorl! of dataef 30spseted dandincevents eahdecieearderk igeygh

" Cakag o ag o s EG0 RSk P T Pl SRR R, of B F2d,Rbkdipg tp one

t he cham@ediafens ¥$ tiRHREGS SHveRtiBRY theeabsdlu@Walud BE tiabpREAIeMhs fRdhE dertical
state pressure fluctuates %g%%tky sonetinmes due to the influence by
t alee

the fisReeAds kesethaacy eapaldp Erepence That passat wRdve £aritho vertiealrspesyl can
O e PRES A AaBClRO%e bR il Shiling Ml ! ARG OHOP PGE iR tre

of extérna erature and accurac essure sensor, on
embodi akthftaduchbedprezeai themiterifi tonchdodswnabmsdbly. t he | eg | eakage
rate, but uses two points which are nore than 24-hour apart to

conpar erdoagodr eﬁﬁ%gﬁﬁ&vahﬁgé Got ¥YQHRD Y ?pgsét haluel fr th@deipital {384 is that the

24- hour "1 nterva age rate PL24." Certainly, other intervals also
can betrgieptcenditisudbr genezatingntherlaadingimasbagescagr e thamgedh dlexitity, Hbe user can

36- hour . anwhile, for.renoving b dat a .poi nt effect caused.b

sampl 1 iflect Sitbipen casposTaGapE Sk pF fig LG o0AR RO AL e s gaen
val ue baycliest aleeedrt @Maatlatedito Bdbd of Keady SaMg @ 11B&rwa@Reddfll dh@Gt bdth
the art ¢an understand that 3 5days is on? an exanpl e, other da

S,
sudh 2landitgy Eonexsmpiarthoprese adlusaor thegreriéqabepestl rafaican dedeived, ore.- 20%4-40%
[ 00091 eAs‘C %;qulg iy ?u%eof‘%ﬂbogr!tigzﬁ% ef%fra%et] o Blaf 35 §s dIMEERh 2 R8 i‘ec%%d and the
P RS i ea e

24- hou ays rol ['i'ng average age ra
landing message is generated as long as the landing is relatively hard or heavy.
{000109] Landing data is collected at step 930 if the vertical speed rate when landing is
greater than the preset value. Then, at step 940, the landing message is generated according to
20  the collected landing data. At step 930, the ACMS of the aircraft may be used to collect the
landing data. The DMU of the ACMS starts corresponding collecting process to collect the
landing data according to a specific trigger condition. After data collection is finished, at step

940, the landing message is generated according to the collected landing data.

[000110] At step 950, the landing message is stored or transmitted. At step 960, it is
25  determined whether the hard or heavy landing occurs during the landing of the aircraft

according to the landing data in the landing message.

[000111]  According to one embodiment of the present invention, it is determined whether
the hard or heavy landing occurs through determining whether the value of speed or
acceleration in vertical direction when landing is greater than their respective limit value.

30 Considered from the limit of structural strength of the aircraft, the limit value of vertical speed
rate of the aircraft relates to the landing weight of the aircraft. When determining whether the

RALR (vertical speed rate) is greater than the limit value thereof, comparison should be
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- L-avg24 ,which indicates performance of crew oxygen system can be
calculated by the following fornmula: 10 1 PL-avg24 =L24 | -13/ 24 n)
1=1 (10) where, n is the nunmber of data points in 3 days.

[ 00092] Accordi n o one enbodi nent of the se i nven en it
is reg SPEAVELY BRI %PW%%&@ Jindinga e eéwg the \AlxG éf}# cﬁawmgggitﬁ e
certai gyBEdihRe; oftﬂ@p%&ﬁ 1h%n§19ﬁ‘tth@ﬁﬁﬁ%l&q9 BEs&ehaeleate ﬁﬁdﬁg%\‘%g}ﬁfof the

sanpl es; neanwhi | e, “anot her set’ of data of an aircraft of thé sanme
type ¢ aincrb is &se traedhamaaimirh dmdie weight smplied. value i stitfetce mitereeie ila‘ndmg

the two s dat a .are if'cantl ff.erent. ough maki n
conpar Vs b6 Bl gielr Yvshé Rt ol B ghe et Behihed above
accord hf&g)rﬂd@eidﬁﬂ:)lést ahd Blel 15ak vﬂﬁ@@@ibdlﬁbxteﬁt aif@aftdhy bo 8ifReedt WheA e landing
degree of deterioration of performance of crew oxygen system can be
det er miweight is] Gowe3]rAess dhati megimpnolaediaasiahighereadfs t he present

I nvention, respective P L-avg24 - L-avg24 of two 20sets of data and

varianc O@llf] Similar to the logic of determining whethef theCRrtidal 8ped rhteris igteater than
Assune 812 is the varjiance of the first set of Puavg24_ (i ncl

udi
dat a) , tisAmit yalugdheraet, xthen d@ﬁ@ﬂﬂwwgs‘érb@h%r the VEEA fyertical load) is greatergthan the
- L- a"g%@ t GARg ltl#géd}? 12 (618 Datue ﬁe‘?ﬁc{?ﬁ%ﬁz& E%O%}cgai{ Ash Wlafes (tﬁ “tihe Tnt ng
vaueoflgcanee e?:

distri i on, term ne sear chi ng
disori lmetgh@nf thebiirerafl. tAccandirpeto dat enbodinent H1 ﬂi&eprd;eﬁthﬁr/anmﬂ thetlingiemalue is

two sets data is |f|cat accor _n to the value of  F._. If the
pr obab?16G yvhreﬁ-'athetlﬂ%ds 93& 2t ghe alé‘ffag f&?ﬁgh%ﬁﬂa pgrdmyganding weight; the
di stri pyki 951%143 s eRS W3 tike Muldgt wefdt fe@ tﬂ@%ﬁ!’:ﬁﬁnﬁggr%ét tHaHethe maximum

difference of two séts of data IS significant I't can
det er rriamddlgl We@ne ‘the fveluen geerthienedk @hoveneres enly c)fanqmsa ang @lﬁglnni’tl‘mémﬂs of

t hroug pen I T If the difference i .

51 oni 1 RIS P B GRRT A0S Beedite S 3 BEfiet O by Dog gaximum
per§ or%aﬁ%@élgmr@gye@fxygen system Gven it is deternmned there 30
occurs significant change on performance of crew oxygen system it is

easy to (ﬂ)ﬁﬁ %stlt% ny’gln[?& $eEarhe ditfeRn 0* glg e(ﬁ%[n%a v‘:ltﬂé’fﬁert g s | 9@%?@%{@

crew oOX gen efiorates acc
occurs through considering whether the vertical speed rate and vertical acceleration speed when

landing are greater than or close to their respective limit values. It can provide valuable
reference information for determining whether the hard/heavy landing occurs when landing,
20  even through a determination cannot be obtained directly. If it can be determined whether the
hard or heavy landing occurs when the aircraft lands through a combination of flight crew’s
report and other factors, the original data need not to be transmitted to the airline to be

processed.

[000114] Fig. 10is a flow chart illustrating a method for generating a landing message using

25  ACMS according to one embodiment of the present invention. As shown, the method 1000 for
collecting landing data in this embodiment includes: at step 1010, determining whether the
aircraft touches down. According to one embodiment of the present invention, it is determined
whether the aircraft touches down through detecting whether the shock strut in left main
landing gear and/or the shock strut in right main landing gear are converted to the compression

30  state from the extension state.

[000115] If the aircraft has touched down, then at step 1020, it is determined whether the
vertical speed rate and vertical acceleration on landing of the aircraft are greater than respective
thresholds. Meanwhile, at step 1030, the following data is collected: landing data at the time of
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average val ue of | eakage rate. [00095] The i ndependent sanple test for
average | eakage rate either uses data at different tine of the sane
aircraft, or uses data of a different aircraft of the sane type.

Ther ef ?rs%co%dhﬁdﬁ? 2 (RERRY . $a ‘Zilng‘aé?é Gt tﬂ%bﬁrﬁg%‘?goucﬁlﬁb\%n%ﬁﬁ%&di é‘dﬁ@%‘?ﬁ 1
is not limte By rep acerment oxygen cylinder and oxygenat? on, ‘and
can bes¢oed bebrdeuehdawretol the Eingrif B3i seatrids aftanweactaloeuw: Aedtepri 040, if any one of
per formance of crew oxy }%}Hg%stem bet ween_before and after

r epl acHeNFIicH SRERY GRéR ACCEARIAR Her S igRter thpsan il & Hreshplds, all of
how t o uydet . I Shani:f | : r :
B o R R e T S SRS
destr i Bedatdingugbsagommot ghodliteent s. [ 00097]Fig. 5 is a schematic
illustrating the relationship between standard state pressure of
oxygen [opot 1§ omipoan &yhiRAghaf iliGatievelafoBap oY Hisserand HBasOMNGor
time according to one enbodi ment of the present invention. The curve
shown genefrating shoitdatiding gwssages aacanides t encadreboiimenfrafshepresaft iacention. The

sanpl i and.transformng,, strai.ght |ipe.indicat ressiondine.
accor dRETPRE By T o o el T i o9 sPOW I B h i ORI gyt im the
time. DiMOathehspfsenid TOPSERY he aftApsail raser@d B thel Spendeiteat tates Qd a

that | eakage rate of crew ox;(g)gen systemis |large, slope is -0.024929
whiléh il“éilmtg}’éwdl AW PTOCREAT 8 AORTFaCI Yo B8 a0 Opereting Fy§ten Al od piless triggers are

f f ' t
ot or | SPREF of bR BV YRP IOBKER B SRR R AOR A8, ROBRACH g FAL
el al | QRS B RRAEEDPLANIRT kTl BT ol o BIUOSIIEL LR SRV GG e

cyl i nder W oxygen system an me accor

one e i .of t esent invention i g. -6 shows.a process, of .
Copt acuBsERY: i M RRRles B SPeed Lo, o8, BPBHRrR IGHRE Yuf girmren
in figilhésubvgat e the standard state pressure representing actual
sanpling and transformng. Fig. 7 is a schematic illustrating the

r e 81 OpRigh Pri2SuRERWEER N3 aBRMS s U¥Brekabh 1P An@ Y56 A3Gd K BORhAGin
anéi mea urlnd time of oxygen 1 n the oxygen cyllna r of 'the crew
oxygenlsyiigegeagcthar @i g tenpbef arinodf tenPSEUOproximitlisgritch. cldonic seits “the

of data, obtai ned respectively before and af repl acenent of ox
cyl i ndéfrcrd r‘iP_élC]és‘gocWRg é%ar%ﬁrk%fi,- %@Wﬁgﬁ‘ep@ﬁd]teg&@aﬁﬁ‘i“@teﬁ {TeeTS LYy or
to det gﬁfxﬁlrg.%'ﬂANb A, Bl Sfer@hehdtH SR IAGEH2 m@ﬁéﬂ@ﬁ“&@hhé&‘tg determine

resul t ate the probability that two sets o ata obtal ne
r especwihethiey thre RANIR Foertioal spkedratele phd OB varfical xacgelaratiph) ategreatee than

identical is zerq. Th erfor of, .cr 0X S decl i.nes .
ndd t hesapisis T riold ReBs 708 TRIVHF a80 LAHESs SR SRRV EASD CREORE taaine
systemyhy@s entered deterioration period. [00099]1t can be seen from
Figs. 5-7, the nmethod described in the present invention can

determ i fopentar rew.oxy Syst 2gr.ad nt er
deterio at0 :1 Lsr] pegctlerog]%glrag Pﬁd'l %rfgm%h%?i g@%gfp\égarn‘ge\;n\% g Elgé%nﬁi"ﬁ?%?ﬁ%gé ﬁ?geu‘d%e“

pr oces gHiN@ted And NBdrY HeNhrigeNpRiBsety eredah@eddd 66 aw toXNgRMAtS yat@m and
and tenperature_data obtajined fromcrew oxygen nessages, and through
5cal cuPHbjiRgansk fingllytle Bpding meseaggengensentgst e T test and i ke.

[000100] Fig. 8 is a flowchart illustrating a nethod for maintaining

t hes ai r po08l 19]cr Aecandingetn aestrmbodiment df tige presandaneaiiod] deritg dic ploeess of

present, invention, In the nmethod 800 for intainin h ircraft
or ow of§GBRINIEDE %ﬁl@mmfe A a?f?f@g b, thtL‘DSN]gE tﬁi@?@f&&@%@ﬁ%ﬁb%ﬁ% datg of e
of thepRXy@etaty b MEEhddk Etﬂgis Gha%e QXN 9RA SYRt AN tRBIR BN TIA Hetecting

tenperature and the cockpit 10 tenperature are obtained. At step 820,
oxygen firgsmay s 3 Atiecgsee tcadaekt fiwhatheo icastate dchaxgegem 1{32ewsonde Ifitiegaodmeter

Lok kOt BT ey TR EE gt
Cr ey OXYGpRsiES IR Frofl ehe EABKI bk, iRerbofe, SENY Qbterrithed tRR B4 QircidfChas

landed. This time is right the starting point of landing time of the aircraft.

[000120] According to one embodiment of the present invention, the LAND2 and LAND2B
23



20[ 000101] The so-called "heavy | anding” or "hard | anding” indicates
a landing event in which speed or acceleration speed of the aircraft
in vertical direction is above respectlve limt val ue when | andi ng,

wherel heay caI eed.or cce eration

of 1 ne daeraing yRiteer e AL SO VRIE Whiif ind BFGER) RufeR defiengte FreE gien

t hat t h@ b@ﬁ@ltmswm gilucPhrdlph thé quroahﬁg fnAdoVE drie ter&aﬂéw e 1andhg state
wei ght , and hard | andi ng neans that vertical speed or 25

accel epﬁﬁhmmr@@%@wr@ﬂceuﬁteh& itcip apedddstogstrrminewpedey the RARRtandaYBEA in a
when | and'({' g‘P %%gondh&tfo}englildlg ngo B% é"’%o%{‘ gﬁé)lcflattlcﬂlggg egt]:ﬂt haﬁ Jesﬁ)%étlve

than of ré maxi mim avy
cansi m&s@oﬁiv@m, i npact and vi bratl on on the structure of the
aircraft, particularly the conmponents w thstandi ng greater |oads such

as the 0'69216;' a@%ﬁgengﬁyrﬁg}l%rﬁ{‘tﬂb %@2? J&ﬁvéth&‘ﬁrsﬂ?] | &EH‘PJ‘EI‘C&{(SILME g 18iing

t he structur ore e al ne nust 3 orm
a stri dinesedled o,chlmck ipantihiegal nomaért bétoean S1b2e TaeilaANDA csaafpatqz Tynweh a

the hard/ h | and 000102
Hi o aPbe ARt BrER A Kopigh oo BFeEn 1 gt opartRaboft matg e landing
happengghards Bﬁ)@é’ Yo RNEERAriLY 8hfe dnd thﬁkeltfl.L, bgrmblé W thd WL VRInge [B8sed by

har d/ heavy 19 | anding event Teported b I ght crew has great
undert Mnldtr;g ha¥met héenabflectsivintthe mﬁasmwhpmandbﬂse"ﬁhqreﬂoem thenlgAMD2Bt is activated

ocear r serdelestmp e HERATRCond DETATAT B3 Findife LR A rter han

the ai pgpadtiveaeesfoldi Gales tAdOothe "BARNIEN &N €@ mii@FeH FeT/2100810)3he LAND2
Therefore, repairnen have to provide the orlgl nal flight data to the

ai r cr afleterraings adretheerthe d‘icAIaRnaanﬁsVBTdn@tethehlén g dine crewrsagyothes respective
har d di h
ar OI{l’FgS%ﬁ c?l Vallai NOPELEY, LA Cal}‘lg e{ %PTE Y £8 % ﬁnt%nnﬁ'lg%imr#]%ggl’ﬁ 1%96 If

manner y expénS| ve -consum ng an ces

t hes ai mgnako, cnﬂémlreﬂbcttghé landlng {tROQTAHd aiteanrbRGicteraene the LAND2B is
enbodi nent of the present invention, the hard/ heavy |anding can 10 be

det ect é@Fl‘taFﬁddGgﬁﬁtW@ec‘&hqt}éﬁﬁf&%M@}%ﬁRﬁéég dgecondaftes é@@mﬁ tpgjare greater
| andi f
" Rl TR} RECHARE vRldes, Pk LADRSR bR, BhiP Uy 9n Hoiparicon

i ts unperfoinddtbyshe LANITChhd pANER Baindicetes iltas therR ALR sind @RTA aFfThRa(mmg time

d | |
dog) . RARY PO HgDessE ARGt ViIpeS tripgans duds 8y GRS E suir tahbibgath mects

sp%ed 'ﬂi%tx‘é F&Hén%tdl Tedtéth@@ﬂfd%?g% ®&hed he tinme of 1 second before
t ouch am £H,nr radlo alfltude its unit is ft), RALR

ﬁX.eItl Ef’délgé?ﬁe T%szhespﬁw%ﬂ& bt el &%, Aoy el P ER and

(rol I'i vRTE Be pbliéd Bt 0.5 %eaﬁ@)befdiad?o rsebdridngites Beedustadotn tithS atéldrbater
is deg/sec), and YAW (yaw speed rate, its unit is deg/sec) at the

time othangbspsetéverihrepipad vpéé@ﬁ)@éwghéhmrm afdwadgegantingdiferentresigities
of VRTA (vertical load), LONA (longitudinal |oad) and LATA (Il ateral

| oad) f [amllmﬂe Acerdiag th cmecbmhd;dbﬁémroé th@pmbdmmvetnuoh,hm is dﬁermlhed under a
t ouchdown; espect i ve maxipum val ues and mn

vakdes C@ﬁawmw@%wbﬁféaq fhrcdsmcal oA e DR B STFRAT gt th@ﬁ%laolé/whee Only
| at er e t

bbei e e JRERALST Hof grdffe G e BRI THEECHOMEREOUM AR Hctermine

t hat t lnéhethat ﬁleo‘bR”ﬁA megrebiger tHae %Cthﬁshcﬂd velas Ulf eloe RADPemlgreaterEihands threshold

stored in a dat a cac ndi t.i on

O e s TRER s Y i Dbl R e et S8 8 shom ddipe

to thepldsikeRed B8 Serfeldt&DEHSAY) from t he data caching. 30[ 000106] Fi g-
9is aflowchart~illustratihg a method for detectlng the aircraft's

| a g ty.,according to o enbodi of ,.the present inven

re ok TRl FeBRERnR sy e BEHERR f TEnerefeah dveat ool P phaed tate
RALR can be obtained in the LAND2 and LAND2B using the following method. On the
aircraft, the sampling frequency of the RALR is 16 times/sec. In order to reflect the actual
RALR more accurately, the measured RALR needs to be corrected, i.e., the measured RALR is
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10aircraft touches down, even the aircraft touches down normally.
[ 000108] Anot her advantage for setting the preset value for the
vertical speed is that the trigger condition for generating the

| andi ng nmessage can be changed fl exibl,y, the. us l.ect, an .
Fecor o orac e A e S 85t e et S e ABREC A Phta Y Inertia
requi r ERRE e AiRE hedohBRg ANMhY phiehingClollRptitiie8 respdat R dcebidlaBnd AoMaihdee
or heavy landing or collect and record data at each 15 | anding. For
exanpl exestdnd congat val ue for the vertical speed rate can be | owed,
e.g., 20% 40% | ess than the limt value of the vertical speed rate,

so t hat [y 25] sAeedriidgt tocbrRNémbRiMEstest tochredeat inpalicy the RYAJe alsd can be
generated as long as the landing is relatively hard or heavy.
[00@109?@&1?&“@@%8%&ﬁ)llpgflllﬁﬂfpé@ﬂbﬁfgﬁlenﬁtep 930 if the vertical speed
rate when landing is greater than the preset value. Then, at step

940, the ITdNdi ng rd¥¥aceal sanpiren efcateatvaieobyeaticalgpted rat@0 t he col | ect ed

| andi ng data. At step 930, the ACMS of the aircrgilfvt may be used to

col I ect thReY1 andi R HEEYOUSTHRPIOND ofl 2Prrscdientnrls ol vedicl spsed@ondi ng
collecting process to collect the | anding data according to a

speci fic PTCOHEF cormtiiGHAGC agbal spmplamna € eirfeaicvalygnofi wich japdeletption , fermediate
step 940, the | anding nessage is generated according to the collected

| andi ngartdalka. [ 000110] At step 950, the landing nessage is stored
or transmtted. At step 960, it is 25determ ned whet her the hard or
heayy | androgaoce HIircHUdogedifis shifelhng Of plebiQingi (567 abibleaF GAEHIAcBerkton |,
the landing data in the | anding nessage. [000111] According to one
enbodi esent invention, it is determ ned whether the

har d OIHF e%ﬂ\?{}efagﬁaﬁ]g occurs through determ ni ng whet her the val ue of

PR O BRCESERL e Btk 5o 00 MR ARG Bl

structural strength of the aircraft, the limt value of vertical
speed PM4tlledf the aircraft relates to the |anding wei ght of the
aircraft. \Wen determ ni ng whether the RALR (vertical speed rate) is
great er t REERt heitchispeied rateal ue t her eof , conpari son shoul d be
respectively performed according to the | andi ng wei ght of the

ai ner af t . PACRDI dlpragding saaipe: cdpiddpednte of t he present invention, the
limt value is -9ft/sec, where the | anding weight of the aircraft is
| ess thanptdjgmxf,i{mmdt@mgijVMth c the limt value is -6ft/sec,
where the | anding weight of the aircraft is greater than the nmaxi num

| andi ng Wﬁjrg{-ﬂ{AWTh p}ée@%&%%arﬂggsﬂpﬂaﬁpin@%\aﬁte@aﬁmeqnl y exanpl es, and

the limt values o Ifferent aircrafts may be different where the

| andi ng Lght is greater or.|ess .t.han max{ mum | andi ng wei ght t hereof
[000112] \Agﬁ‘%pl‘avf%f a?c%l ra{'%'g'féonil)?’e'aaéltn%?%t]ﬂ? g whet her the vertical
speed rat g ,is. greak than the limt value thereof, when determ ning
whet her tﬁ\étgﬁ%[&??@gé%i cal load) is greater than the limt val ue

t héPeof , PHeHinitht val ue of vertical |oad of the aircraft also
relates to the Ianding 10 weight of the aircraft. According to one
enbodi ment of the present invention, the limt value is 2.6G where
t he | andi agnstwgisght of the aircraft is |l ess than the maxi num | andi ng
weight; the limt value is 1.7G where the |andi ng wei ght of the
aircraft Ps greataretrichiznmeckion freis RO Rdesngldeleilgh®). The val ues

i 1or af £ Dky  bdotit PPOTETEREPEI L el h Wl e GRadreD st 18/

| ess than maxi mum 15| andi ng wei ght thereof [000113] Many tines, it
cardbe di BE@ir¢rylt dé&-%&ﬁlﬁﬁéﬁafv\héﬁ-%br the hard or heavy |anding occurs
t hrough consi deri ng whet her the vertical speed rate and verti cal
accel er at D@n spéesr mhenréctiod(zrgispfoeRGrRELER  t{13ahaiorafc] D8 £320airtrhfer 7.1/ 319
respective limt values. It can provide val uabl e reference

aircraft ; 7.2 /318 aircraft : 7.6 )

DXTPIR lever arm correction (x-axis) for PTCH ft (321 aircraft : 53.1 /320 aircraft : 39/319
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[000115] If the aircraft has touched down, then at step 1020, it is
determ ned whet her the vertical speed rate and vertical acceleration
on landing of the aircraft are greater than respective threshol ds.
Meanwhi l e, at step 1030, the followi ng data is collected: |anding
data at t hesrafi . &B18grerafl :S¥ond bef ore t ouchdown, |anding data at
the tinme of touchdown and | anding data from 1 second before touchdown
to the ti Aié of 3ltgdegrmdsy after touchdown. AtHst dplefb@aB “0Bf)any one of
the vertical speed rate and vertical acceleration speed is greater
than respggeti vefitkeeshal ds, all of the col |l ect(effabiards.rg data i s
formatted and then the | andi ng nessage i s generated; otherw se, 5the

| andi ng npgsage gii§ HRtangener ated. [000116] Fi q.dehditlsS28 jschematic
illustrating relationship of triggers in the ACMS for generating

shogt | anging sage ccording to one enbodi nen f .&he present
inv%ntionghThenﬁﬁﬁﬁggggpshomn infig.11 can beqﬁg%ﬂgfﬁ¥phe met hod
shown in fig.9. As shown in fig.11, in the , the top service
TOPSERV iEHET%%VQa%%PTrCé%%W@wOW the syst emD%énﬁ A sugpk 'e?p/&ﬁégmfa& 47319
10 main thread of a processor or a base service of an operating
system Abircradf: HtHBpirarefi gfers are started or activated by the
TOPSERV. Just before the aircraft is going to land, in the FI NAL APPR
st age .is more than 5 and the flight altitude is

| ess tﬁgﬁ&%ﬁgé%5¥%§%$%?ﬁb TOPSERV in the DMJ activates the trigger
LANDL for nonitorj ether the aircraft touches down. 15[000117]
When t he LANDﬂr@éQEgW@?thﬁ%ﬂ%npression of any one of the left or

right main | anding gear, that is, the change of state of the PSEU
(proximty swikl§HHACERt ri=x00nit), "the aircraft touch down" is

mar ked. Meanwhil e, the LANDl activates triggers LAND2 or LAND2B,

LAND3 and LAN;crwecei n=@ot h of LAND2 and LAND2B are used to
determ ne whether the RALR (vertical speed rate) and VRTA (vertica
accel eration) reaterpphan 20 respective threshold val ues. The
LAND3 and LAND4 activated by LAND | record the |landing data [000118]
After the LANI4 is finngﬁﬁ, all of paraneters in the short nessage
have been col I8¢t ed, and%%en the formats of paranmeters are converted
so as to facilitate reading and printing and finally the | anding
nmessage i s genéfMted. 25fD0WDOOY] According to one enbodi nent of the
present invention, during the process of determ ning the |anding of
thesaircraft kanthe LANBRAILThe operating LANDL reads data of the
PSEU s state of the shock struts in the left and right main | anding
gears. The detecting frequency is 32 tines/sec to detect whether the
state changes in 1/32 second. If the paraneter indicates the
positional state changes fromO to 1, it nmeans any one of shock
struts turns iFTCHRANE FTEBMICEI¥T on(IsT Hi® from t he extension state,
therefore, it is determined that the aircraft has |anded. This tine
is right the SII&HACRG point of landing tinme of the aircraft. [000120]
According to QRepRFRQITBMLrel H@M@%@Wﬁﬁf@@mcﬂm}h&@& andpy -
LAND2B det erni ne whet her the LR and VRTA when the aircraft touches
dodh are great’@’!tBéh respective threshold val ues through the
follow ng manners In order to reflect the |anding state of the

ai rcraft nor e NEI&EOReT BAGCH081 /01384 BETRIR T B &P T 'mes(RiteV el t he RALR
and VRTA in a period fromO0.5 second before landing to 0.5 second
af t er | andi ng BRACQR=RNLETDEHan(PTEEHE 3i-biv@ BEARAEERD)-BZ eds(FIEH/57.3)-cos(THEA

TA0/57.3))
EPSN  =ZNI1-HRACOR
25 EN = EN1+T*( K3*EPSN)
VZN  =VZNI+T* ZTCOR-EN-*EPSN)
VZNU = VZN-D*ABS (ROLR)
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[000121] In this enbodinent, the LAND2 is activated firstly. The LAND
| outputs a landing tinme value To, which is an integral nunber

bet ween 0-32. The LAND2 conpares To with a fine-adjustnent paraneter
CHK which is hetween Q-5 _|f TO/2-CHK<O, it means the landing tinme is
too close to ?%%Bnea§ﬁp?%b time and thus it is possible that the data
change caused Zby= 201 + andizNg RuiSERS)Y) been refl ected in the neasured
paraneters. Therefore, the LAND2B is activated for determ ning

whet her [A0RE2@AL FiesghevwrRtows the pregsevircalauiase a sample of Rilde  JPepparles can

than r i : hol d_ v, . - I 1 . .
ror 2- corepeupd vy ReB5O afiey e HER soR L e el e Rl B O o ltows:
| anding tinme e greater than respective threshold values. If not,

t he’ LAND2 co res'To with 16 to determ ne whether TO0-16>0. If 15
TO-16<0, in ovaier=veNreflect the landing state of the aircraft nore
accurately, the LAND2B is activated to determ ne whether the RALR and
VRTA in 1 second after landing tinme are greater than respective

t hr eshol d valRI€3ACE3d RIKEIAGAND2 is term nated. Once any one

conpari son pQﬁ%ﬁ?ﬁﬁﬂ=QﬁtkﬂﬁxLANDQ and LAND2B i ndicates that the RALR
and VRTA at the landing tine are greater than respective threshold

val@es, it neEs3RAEL= Y HelR4Ndi ng state of the aircraft neets 20 the
requi renent t@rcgerarmire t he | andi ng message. [000122]1n this
enbodipent . it can be accurately detern ned whether the RAILR and VRTA

in the period fromO0.5 second before to 0.5 second after the

t ouchdo i re greater than,.res ive threshold v t hr

e opetBOTE” oREREnE T G O mERTdlar e LT aL obASTY st LAD2p
Accor dipfgdit19R8tag e Ve ARAE acRbletfitn BlofS @R veHRYEIBE Shtainkd by $he ACMS.
determ ned under a 25 certain condition whether the vertical | oad,

i.e., V .S great.er . than its,thre :
<Fhot OP00r SRR PR abhRRhOGERe Skt i enfill GaPRO Pl B he
det er ntglpwiigtiimefiodshe VRTA is greater than its threshold value. |f

the RALR is greater than its threshold val ue, determ ning whet her

VRTA exceeds itg t i d i

message can be géng%gggﬁggffi@??i?Fg%?%gg%%%?’Egg%% indﬁﬁgﬁg%%qgjLRzmd
enbodi nent of the PNA&Eanhfcorrpendingig) thhameaftliscadnddpted thedhmdiRALIRer an
be obtained in the LAND2 and LAND2B using the foll ow ng nethod. On

the aircraft, the sauRlih®ohd LEALEDERAIT, IRRLRAPRAS FECR] RER/SSEOLR Nand
order to reflect the actual RALR nore adcurately, the measured RALR
nee@ls to be correc@&W af the landingtimeasured RALR is 24 corrected based
on the vertical speed rate -1V neasured by the ADIRU (Air Data and

| nerti afooBeidr enceccbiiifiSto deGaitdidiigert of tHeergchCiii-@iion] ik lob&@tion time of the
attitude, respective accel erations al ong ree axes and_constan

th t.
[ 0001 25N ridicaendsdoniseordingde meRimMyR vaNes idegmmnumipabis 0d ¥ Rl &ONA,
RALR i i f i ; ; =
NW ac TR RRLR 8 B0y HOTS bl e th e8NS ST s (fiF the

previ oumdiatithe€ n-1( a preceding sanple of vertical speed rate )
PTCHACC = PTCHACC actual sanple n ( current value of pitch

aceel er ﬁfd&)?ﬂ)]’ F@t &b g?@ e cMAt 1RRLStAg 1 MRS leenieRtitE W aRARY 1A R age
sanple h-1 ( "a preceding (n-1) sanple ©of pitch actceleration |,
i nt er mesingtAC M8 racairtimg)to RRGHACEAbediPTAHAGE: presentdosensianpllee rebgynd force of

glio t 2;]2%}%2% ﬁlfdagéerp lla;% iplg %%%'o%ﬁget t 8girbrah%ne<{ trﬁgig %haeta?rcya%{\!vﬁplhi?tge g?gu%lﬁ a:gain.

This phenomenon is called “hop” of the aircraft. Such hop when landing may occur once or

several times. The hop is very likely to be the hard or heavy landing, therefore, the hop needs to
30  be monitored. The landing message related to the hop when landing is a long landing message,

while the ordinary message is a short landing message.

[000131] As shown in figure 12, the method for generating the long landing message in this
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15PTCR1 : a preceding sanple of pitch speed rate PTCHRAW pitch (
Internmedi ate variable ) PTCHRAW : a preceding sanple of pitch (
I nt er medi ate vari abl e ) VACC vertical acceleration ( frominertial

navi gati on dio altitude 20PTCH _pitch Constants_;
geonet Fméaﬁmaem studes 3t $taml%1r0 r?leﬁenm@m wagtherdhg pigsrafy Funh%S dpympst et 220,

arm COFSI%:EB g'??s&)é%t%g?heflgﬁ(%lﬁé ﬁat?’%tghé tinde o2 s@loh rb%f‘Jre ez%uglb £|“§12 Qt the

aircraft Ircra / 318 aircra
ar m cotimectfitouchflawaxdm)in filor pdRiod R0 T sktond tRike ahertondfdbwn t@ 3&e1:0n’.312ﬂ’cer the

ft ft.: 2./ f XTP
ever - MBI ek pEaN2 R SEfehatrine b ibhestfi babacifberhe aferht s fhghe hop
ai rer afjbes n@t%céu@&&emﬁhfn%'r@fléther tﬁ@vgttléal?s%ge@fa'i&hﬁf {fertlcag %cgbléraﬂp & l)vlhEl? the

frequencyHz ( default is ) |ter constant( default is
1( 2fi | ewerafdarsisane grediest &whtrespscﬂ‘@ahre)shtﬂksfﬁlwes et stepp hat0a nft }(esol@ﬁ:ahortt lanshng

"5" ) THETA() average PTCH d wnde 321 aircraft .:4.5/ 320
ai r cr aft**%%§ }S %efﬁragei%raérs%?f’tlz% 2‘%7103 % ?lll‘lg%?ie%Fage 104t gleﬂ?fl gd i zation of
par aneters: PTCHRAVL 0.0 10PTCHACC1 0.0 PTCHACC2 =
0.0 PTAS0CE132]10 Hijithe. bop occurs, the 1and1ng data at the time of 1 second before the
re-touchdown and 3 second after the re-touchdown is collected respectively at step 1260;
10  meanwhile, determining whether the vertical acceleration during the re-touchdown is greater
than threshold value thereof at step 1270; if yes, the threshold value, the maximum value being
greater than the threshold value, the trigger code and trigger reason are recorded at step 1280.

At step 1290, data of the second touchdown is formatted to generate the long landing message.

[000133] According to one embodiment of the present invention, it is determined whether

15 the hop occurs during landing through determining whether two main landing gears have been
compressed and kept in the compression state for an enough long period and then whether the

left and right main landing gears are in extension state again. It is determined that the aircraft
touches down again (re-touchdown, re-landing) through further determining the period is less

than 10 seconds in which the left and right main landing gears are in extension state again, and

20  thus it is further determined that the hop occurs.

[000134] Fig. 13 is a schematic illustrating relationship of triggers for generating long
landing messages in the ACMS according to one embodiment of the present invention. The
trigger shown in figure 13 can be used in the method shown in figure 12. As shownin fig. 13, in

the DMU, the TOPSERYV is a trigger reserved by the system. Just before the aircraft is going to

25 land, in the FINAL APPR stage where slats release is greater than 5°and the flight altitude is

less than 10000 feet, the TOPSERYV in the DMU activates the triggers BOUNCE1 and LANDI.
The BOUNCEI is used for monitoring whether the two main landing gears are compressed and

kept being compressed for enough long time.

[000135] If the BOUNCEI determines the two main landing gears are compressed and kept

30 compressed for an enough long time, the BOUNCE] will activate the tnggers BOUNCE2 and
BOUNCE3, which respectively are used for detecting whether the left and right main landing
gears are in the extension state again. And then, the BOUNCE2 and BOUNCE3 activate
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VZN1= 1 W/ 60.0 15ZN1= RALT PTCHRAW = (PTCR-PTCR1)/T (T = 1/16)
PTCHACC=
PTCHACCL+T* ( 2* Pl * FC) * ( PTCHRAWHPTCHRAWL- PTCHACCI - PTCHACC2) / 2( Pl =

VACC: 03170 UG T50E BOBRYETEL#PS POIICED 5 oy djermine th Mght s of te

HRACORa At T+ ThE BOUNCIOHIEGR OBINGE 7 (SEpeAVAQ/ defcB8ontibad (st the REEHADTE sBie of
cos(THEA TAO/ 57. 3)) EP N = z 1 H COR 25EN= E 1+T* K3* EPSN) VZN=
VZNI +THe s aﬁdlﬂagefrm the\roRgesgs when a

ZN1 + I&&M@Nﬂﬂﬁﬁhjsn§RSN) [000126] The above shows the process to
calculate a sa RALR. O her sanples can be cal cul ated by

as Tl @%QT%ENI“E&M@E&S&%iﬁ SR b pate B aad FOURRRG o
PTCHACEOTINEEEHACGed I T and T(Qﬂ%m/tllféT@Bidlng RIEER inl 906:k3dd before the

According to one enbodi ment of the present invention, the LAND2 and
L AND2 Breorchidavetandinin pariedtfram (herreitouchdewe ée @ seongmthereafien he
vertical |oad obtained by the ACMS. 15[000128] According to one
ferr})lodl rr[s{rmflsﬂ ] tMBe POARCOE7 it eshiches, add@alteANDSmGmutisoe &l d@erntihe whether the
ol fown uncti ons:
vertical acceleration on the second touchdown is greater than the threshold value thereof. If yes,
10 the threshold value, the maximum value being greater than the threshold value, the trigger code

and trigger reason are recorded in the message.

[000138] The method for obtaining the landing data used by the BOUNCE6 and BOUNCE7?
is similar to that used by the LAND3 and LAND4, and need not be repeated here.

[000139] The LANDI is used to monitor whether the aircraft has touched the ground. If the

15  aircraft has touched the ground, the LAND1 activates the trigger BOUNCES. The BOUNCES
determines the long landing message or the short landing message should be generated
according to whether or not the hop occurs when the aircraft lands. At last, format conversion is
performed on the landing parameters for two landings so that the values in the message are

convenient to be read and printed and the corresponding landing message is generated.

20 [000140]  According to one embodiment of the present invention, it is determined whether
the hop occurs when landing using the following method. The BOUNCE]1 read continuously
the position state of the PSEU of the shock struts in the left and right main landing gears at the
frequency of 32 times/sec, so as to determine whether the position state changes in 1/32 second.
When the position state changes from “0” to “1”, the BOUNCEJ] starts a counter to accumulate

25  the count. Only when the value of the counter is greater than 16, the BOUNCE] will activates
the BOUNCE2 and BOUNCE3, which means the two main landing gears have been
compressed and kept compressed for at least 0.5 second. If the condition is not met, the counter

is cleared and accumulates again.

[000141]  Herecafter, taking the left main landing gear as an example, the right main landing

30 gear can be processed using the same manner.

[000142] When the BOUNCE2 operates, it proceeds to detect continuously the position
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a. recording the values of RALT, RALR PTCH PTCR, ROLL, ROLR and YAW
at (corresponding to) the tinme of 1 second before the |anding tineg;
b. recordlng t he values of RALT, RALR, PTCH, PTCR, ROLL, ROLR and

ZOYAMVat t | andi n 9] Accordi.hg to o nbodi nent th

2 oo ehata e PRGN BRELL (A T RESORIE defniate FHASGIT o a2 g
recor digiigent e ViRd TR0V Fhd) 8Surdétdstiink b MBI @htdeSual. MRYAvhdrOMNR, vk 6f the
and RALR in the period from1l second before the landing tine to 3

secondsowftereis grépger] thmdﬁltgfhﬁ BQUNCE oot Iz0ictiFatgd. Abpiesens, thi shpaknsint of the

accor diGe ARBTR R bt RRtebe “Hice i SERRERHTRIER H5kdBpEitne

forge @fhdntBe 861 fitish M@ﬂmb@ﬂw dOEntEBIs dpéa%dc@dtah@rﬁmla&ﬁ abint apsid. t hen
the aircraft will hit the ground again. This phenonenon is called

" hop" - :
o OB S5 PA 98, 1O, OISR TGS 18058 8 mouce2
| andi n§yhdnhgheefabiieeis t‘me th@raom&adstaﬂqo%ctnﬁummm eWhemhe lvahgi isg‘1”, the

nessage related to the hop when | andi ng._ | on ndln ssage, .

whi | e BFEEHeh ¥plpe Hé&ea@entey%dewwdr siilhe & %ﬁ@a@ga ug %ég%@ﬂlg’;&g is less
shown iy, {oQUKEisTiete d”i%@ﬂh@ Ho o&ﬁﬂe&ﬁtﬁerﬁgftttﬂﬁnllﬁ)ﬁlﬂné% | ﬁg present, the
message I n this enbodi nent includes: at step 1210, dete

wheo hepettidie (ia.,rtimafin airpuahelsicl dven shogk stsﬂutapf 1221Rft wainl Iendlngngear keeps in the
respectivel, nd| me of .1 second before the

t he |
oo pabtandy S s TR ot ART e s 7 0 O RERR e P At e acond

before the touchdown to 3 second after the touchdown;, at step 1230,
det er nmi HIO94443h etmfeﬁummeryhtip thise wprditiprsrofithemethod far deterarigiog Wirethen ghe hop

hop 5 does. e n whet her the vertical speed rate
and vePf?%%nqﬁ Qgg??g W%%ﬁﬂ “gn%lrcraft | ands are greater than
respective threshold val ues at step 1240; ;Ey the short | andi.ng
message i s defpmtiameayhehes helofgnd rightygaindsndinggmaryage %@@&@@Pff‘sw%ﬁtate

ge”§r%Egﬂgg{ﬂﬂﬂé%ﬁkéﬁwhﬂﬁe OQF&HB the | andi ng data at the tine of

secon oret re-touchdown an 3 second after the re-touchdown
is collecteq respectively at ste mhlle termnin
Whether -t he 2y SFERBRnE: SEIEE 40Y e a‘a‘f i left et BRI el A s B e iy the
than teﬂfe%&ﬁﬁ'sﬁté’a’ﬁaﬁﬁarﬁih&%ﬁ&fn tRdt sehSRor hofOthahfl ¥&shd; Eﬁt? threshol d

val ue, the maxi mim val ue being greater than the threshold val ue, the

trigger cod tr| eason are f ed Pl g 1 At ste
1200° dat a at e iude sibeE A e o BRCE R ClieR T B borlt R, e
| andi @atdﬁaeﬁ@&eaagaﬁmaaeb A@qazncttat@fotrq:es@ﬂenqmechrmnt of the pr esent
invention, it is deternlned whet her 15 the hop occurs during | anding

t hpough I
 sguan HEREAT 10 MG DSt B le] RIOLDGSEN TTNE L Sy curing i
periodlamuhgdﬂmﬁmwﬁether the left and right main landing gears are in
ext ensi on state again. is determned that the aircraft touches

down agfﬂ 4ge- Ae&tﬁbﬂtg% oh& ehdB i &f%ettﬂesetutﬂdtﬁfwﬁetfee&mhelBtgut\*t%s
period s ess than 10 seconds in which the left and ri'ght main

| andi ngpeyets sfoar 30 |snaccmdts,em15|1s)rde@tmtredaga:prdln@rtd Ql@t lalged tof | the f BOUMNGED,

deter DS RBE, ARCRORORT ook RNAML o3 U5 AR ARG Spovi be

NMe$§ag@sndrited, %&&Nﬁh@%@ﬁﬂgegfﬂ]ep%ﬁlewmelamtm@f the present
i nvention. The trigger shown in figure 13 can be used in the nethod

i oger NULEH, CROGNCERT S st bl HACHEN Tdcehty o BRI ot gfer

25| and BOUNCEg oF BRAINAEFPReta it Mdpere sl ats release is greater than
5'and the flight altitude is | ess than 10000 feet, the TOPSERV in the

Egglﬁg£ dﬁﬁ& etE bk??%@?r&mﬁ&Hﬁﬁﬁéﬁgﬁﬂuﬁﬁggb%Tgré?%%%%ééss §§£E%§%¢

and bemg set by trigger LAND2/2B when vertical load is over the limit during first touchdown.

30 [000149] BRPTCODE: message trigging code, which is set when the trigger BOUNCE7

30



5[ 000136] The BOUNCE4 and BOUNCES respectively activate the triggers
BOUNCE6 and BOUNCE7 to search, conpare and collect the | anding data
in 1 second before the re-touchdown and in the period fromthe
re-tou qgowgl 3 sec%nds t ere%{tellr..t $000137 th}%CUNCE? al so
sear ch&&°L cRaranietes arg 400X el Hits Jurniseaand (IChdpRa-"\ o ¢ cal
accel eration on the second touchdown is greater than the threshold

val ue t H¥I0889] | BORBNCES ownpre then pasisoperamsierse and wlstomasiic ierhgrulong eqrnghort
greatehu%%%gsggﬁtﬁgkgégghd val ue, the trigger code and trigger reason
in't {

are recor nessage. [000138] The nethod for obtaining the
| andi ng_dat a_used by the BCUN§E6 agdaEO%% 7 is simlar to that used
by the LONbALIangrge ¥. Rlease fefertorths tagle ggéated here. [000139] The
LANDL is used to nonitor whether the aircraft has touched the ground.

If $he 15 aircraft has touched th [ oun he LAND1 activates the
trigger BOUNCE8. The BOUNCE8 determ nes the |ong | andi ng nessage or

the short BEUNICED MespeNe N d BEPDEOPEAt etheddstyhend t 0 Whet her or
not the hop occurs when the aircraft lands. At |ast, formt

conversiorn, i s perfor on the | andi par a two | andi ngs so
that the gglues in tﬂgpnessage are QQ%Veniegg%gg%B%Qé%ad and printed
and the correspondi ng | andi ng nessage_i s generat ed.

20[ 000140]Accor di ng td one enbodinegﬂLof t helQREdREHIEE nvention, it is
det ermi ned whet her the hop occurs when | anding using the foll ow ng
met hod. Thie BOUNCELl rdad conti nuousl4p0® he poginginogssageat e of t he PSEU
of the shock struts in the left and right main | anding gears at the
freguency of 32 tines/sec, so as to determ ne whether the position
state changes 1 n 1732 second. When the position state changes from

"0" to Y he BOUNCEL st art count.er f. | at e, h .
oty w088 VB0 6t R o el Thod i S it f g Riliment
wi || aef thegireent MeeBdNEEZhanel iBEAdNEERen Wohche fipansthhthle edicabipaed RALR
| andi ng gears have been conpressed and kept conpressed for at | east

0.5 setoprly I§Usescdusiggdhisilanding Thervesigal agoleratinmy BLA 18 19465 mdrchygdn the
. X . | R _
s TR 1A HOWEEL ¢ Bfieral BRIl PG Tt AATHE ligh

usiing hiphes &mchineasaatven fHRONEHOGrevheorts hieat B FENGRA ydpet lathéiag octurs, it is easy
proceeds to detect confinuously th ositio tate of the .
D onpr da B BaRS s nosP ardithe PR hgegaandng dPenat odtdsesdine tashe
times/ alue is "0", the counter start to accunul ate

o e gt

count . e value of the counter is greater than 32, the
BOUNCE4 _wi | |, be_activated. At. present, .the shock strut.of the left..
e aFOL S l0GBE" 18 17 AT Eresnils BT B ioiad Pafhed abittaifh ¢ Rl o8phgient
for nopetticiReseit neaRIRE: ASYRAM, ihRn®RREH frof thefifgt i the HopeceO @A this
is cleared and accunul ates count again. [000143] The detection

pr 2fici pinding In the moesscrs thesfisst fpuchdown the RALS ix héftsemrkthe ViREh i RE7G.
val ue s "PO'+pthe equnte r t. ;

e VT TheRALR AR FEPRER R apd SO RITAA € oER e AR WY ot 1n
accunullad gdessabbtheakcdrddetoaeidoival theRAER $s 1 5320 thetVILEA te. 3 GriThetkfore,
that the hop occurs on the left main | anding gear. A{ present,._ the,
10per i & gp, escursidupipg landiey 3nd yesticphiead dupae Sedad tachdewiy FXqeRds itlipit.
mai n | andi ng gear keeps in the extension state, is less than 10
seconds[00&84 1t h&he flight srewncanhebtaio i lasding mestagedrany ainenvol pileGdetddrylod the
a su ry. the three congitions of the .nethod.for determ.ni ng whether

F he® nODNHCAHSi e PE o s B HEE resT a8 RAnF Gpsiavl A e pettomate Tipritiing

det er mspigNGnWagkt {h%rmﬂd?ﬁ% h{lieggéagé‘@gwhiogﬁéd F¥BinNar] ARGIJAEd Y8R 1EnkedyBtehD ik d\h a

conpression state 15 an p in that state for nore than 0.5 second;

ground station to realize the monitoring of the landing performance of the aircraft, so as to

ensure the abnormal condition can be found timely and accurately. In such manner, a lot of data
processing and checking, which are used to determine whether the aircraft has a hard or heavy

30 landing, can be avoided, and thus the down time of the aircraft can be saved and the utilization
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2. determ ning whether any one of the left and right main | anding
gears is in the extension state again and keeps in that state for
nore than 1 second; and 3. determ ning whether any one of the

| eft and,right in l.andi n ears .is.i.n.the extensjon state.again.an
coeps. Phtretadt FoderBRr B8 HEfihiles melis i SHLEPRLS Dol FRRE Bk
condi t b $heAb€eut®} riskd chub beladl@iifhte@dThd @écotdrd P foeiedrigelslulid Mgptt hnality
| anding of aircraft. [000146] According to one enbodinent of the

pr esenmon{oBRg fdensriment @restimeteBOEREES teshrigae avality pf tho figdereys, it is
determ ned according to the values of the BOUNCED, LONG.RPT and
BRPTCOD@00NE3|heThd ReEEMB NG Akbsagetaken aden hanplensthagecssitoinventiim, but the
25gener at ed, wherein, the neanings of the paraneters are as foll ows:

[ 0001 47pPisefinicetihe gicsent enbfR i jimited harg Thpretppiyerimmalsng use the
bei ng R%@}_M%ff‘s%%in QAR ah b@%&'{%ﬁ% %‘ﬁ&}ﬁst&%@ . [000148]
) cat at

LONGL state paraneter in ing t ong nessage m ght be

over tnwi el B Al bmBYaiisuingh o Mereon iG] bimprisReed 1S dative
triggi BerpeQdeand ik Givenfios & n¥@NLd REithd k@RS pBRNEEmS OF @sdtBodshBiclosed.

the parameters are above their limts during second touchdown. o
[ 000150 hoBGMNBESHUbe STt Widl aiposciatp dhad veriens madidicdiéensy additensnst svbptitutions

21,2 SSEOFRERREE L s SRS bR SRR g

type Old}iil?ﬁﬁhhm@mg@f%% &g ci@asage 1045001 ong nessage 10
[000152] Fig. 14 is an exanple of the short |anding nessage accordi ng

to one enbodi nent of the present invention. As shown, it can be seen
fromthe figure that the vertical speed RALRis only 1.8ft/sec during
this landing. The vertical acceleration VRTAis 1.64G which is in
the range of normal | anding. However, the |lateral acceleration is
0.21G which may be a slight 15 higher. In this case, even the flight
crew reports that the relatively hard | anding occurs, it is easy to
see that this landing is normal and the hard or heavy | andi ng does
not occur according to the short |anding nessage. [000153] Fig. 15
is an exanple of the long | anding nessage accordi ng to one enbodi nent
of the present invention. As shown, it can be seen fromthe figure
that the hop occurs during this 20 landing. In the process of the
first touchdown, the RALRis 7.2ft/sec and the VRTAis 2.07G The
RALR is in the normal range, and the VRTA also is below the threshold
val ue thereof In the process of the second touchdown, the RALR is
1.511/sec and the VRTA is 2.650. Therefore, the hop occurs during

| andi ng, and vertical |oad during second touchdown exceeds its limt.
[ 000154] The flight crew can obtain the | anding nessage froma

nonvol atile nenory of the 25 DMJ and al so can print the |anding
nmessage in the cockpit, or the performance nonitoring staff can read
the | andi ng nessage downl oaded froman air-ground data |ink system
through a ground station to realize the nonitoring of the |anding
performance of the aircraft, so as to ensure the abnormal condition
can be found tinely and accurately. In such manner, a |ot of data
processi ng and checking, which are used to determ ne whether the
aircraft has a hard or heavy
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30l andi ng, can be avoi ded, and thus the down time of the aircraft can
be saved and the utilization of the aircraft can be inproved,;
meanwhi l e, the aircraft can avoid to operate with security risks and
the security risks can be elim nated.~TRagecorded data further help
the flight quality nonitoring department to estinmate operation
technique quality of the flight_ crew [ 0001 The ACMS of. Ajrbus
is taken ds ‘am Tﬁ#‘i‘ﬁ“ﬁﬁé’%@’é&% qfrﬂi’e?ff‘frﬁaﬁ:ﬂaﬁi{] OR ReCUSIORHFFC SIS
of thec&hﬁﬁﬁﬂ% invention is not limted thereto. The present

i nvention al so can use the AHM of Boeing and thus can be applied to
the aircrafts of ei Ag... [000156] The_.gbove enbodi nents of the

i nventi on Cﬂg%mﬁ r&ﬁg‘g’ln@?@ﬁr 18?Ltiafurs3£ﬁ'|'eaﬁui° *pur poses and t he
invention is not to be limted to the particular forms or nethods
di sl osed.gemtrateg §1©| C_Ns@éillilfrd nRsAE _basw:l!om thp spdestest éat@mlner@ar the istomized
modi £ GALL00% cAXHLII0 TR SHIRE blde AT RarhRBIE: ARSI Bl o DRI of
the i nVeRtron 15 o cover a1 modifd cat S, ‘equivalents a

al ter ngid avegaff;al | ing Wi thin the scope of the appended clains. CLAIM
1. A nethod for detecting performance of an aircraft based on a

custom ze ﬁﬁgg' [(Naleh JoB0data reflecting operation
st atus of %%C{%(g‘l%z?rg%}lsarﬁt; {gglﬁgg%r{l%%ghfeﬁigc’ustom zed nessage based on
the col | ect ed .dat a, erein, .the.custom zed nmessage i,s configured to

i nol ude ofEgHn @e%manﬁspéwéta&c@%s Y IESUPRBISHARSESn st at us

of the aircraft; storing or transmtting the custom zed nessage; and
dettecting the performance of the aircraft based on the custom zed

nmessage. 10 2. A nethod according to claim1, wherein, the
custom zed. NemEABE decbdriim@rto ichEhul]efheddit, 1BE cOBRbRiARY thdskaeyfuffAdrafEiuéésSone
related to correction of the nain paraneters. 3. A net hod

accor dPhorAiiarparamgiees islated torrarrsetim ofthey@awRaramies®ur t her

conpri sing: 15obtaining values of the nain paraneters and auxiliary
paranmeters at one or nore timngs in response to a trigger condition.
4. A nmethod according to claim3, further conprising:

converting hhgead §&rdihg Io"Gaifff?, WIRASIATRE S&p 0RBshePdihls!thliet cHAPASRMEELT S
into val ues under a 20specified condition. 5. A net hod accordi ng
to.claim4, further comprising; correcting the val u
patamet or SPLIEE At PRt mEirermetefany RIS R

response to a trigger condition.

of th in .
§I}ree ?relpgr% tlrxrl%ngs n

4, A method according to claim 3, further comprising:

converting the values of the main parameters and auxiliary parameters into values under a

20  specified condition.

5. A method according to claim 4, further comprising:

correcting the values of the main parameters according to the values of the auxiliary

parameters.
25

6. A method according to claim 3, wherein, the main parameters of the customized message

are determined by the following steps:
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25 6. A nethod according to claim3, wherein, the main
paranmeters of the custom zed nessage are determ ned by the foll ow ng
steps: obtaining nultiple paraneters related to the operation status

of the aircraft: .. .determnin | tipl e in.par ters according to
respect | VE4SRDS el RinSlers Bheed et RSt e

paraneters; cal cul at i_ni; correlations between the nultiple main, .
par anet erdgteraiing rmawbiplen gnasm ePBRMptETSe 26FOr¢iRG  tou ITeSPEEIE endhysipad r BpRltcatians

based . | en the multiple nain paraneters.

7. A m%%%&a%g%%gélﬁﬁgﬂggﬁ@ﬁgeﬁﬁa wherein, the main parameters of the
custom zed n]gs,sage i.s.determ ned bK ,tgere fol | ow n%; steps: 10obt ai ning

mul ti pl e CRSHIZHRE EorEelptiqngbativaey e 1BUIGRE BPNGRTARETHASt the aircraft;

associating the nultiple paraneters with failure events of the
ai r&r af t remodeg enaionendrhef s muftipde maim ppamatest bassd oodhe gbaelatigns between

correl ﬂtio . bet ween th? mul ti pl e main paraneters; and
renovi MY 'BREPSTHBPE 4G e nultipl e nain paraneters based on the
correl ati ons between 15the nultiple nain paraneters. 8. A net hod

according to claim7, wherein, the step of associating conprising:

cal cul ating correl ati ons between the nultiple paraneters and the
failure gvanhsthod atdeediag ke clafm 31 Whereimh tibahsinparintgers 30the custdmiZed message
nmet hod_ according to claim3, further conprising: starting a first

pr oces dieranngdsoy the oHaVipgFEPSr whet her the trigger condition is

met . 10. A nmethod according to claim3, further conprising:

25380 ar t i mtamisgomitthlppaessteravelatdd to sheigmedation stadwd ¢efche wiharafier a
condition of generating the custom zed nessage is net; and starting a

bar aret or S endHg 68 rjuﬁ_ti i eﬁjﬂraﬂeﬁﬂ‘l WRALfall B é’\%htée§f afe hik@afibb Netermine the
paraneters and 34 auxiliary paraneters required by the custom zed
messagaultiple main parameters;

calculating correlations between the multiple main parameters; and

removing one or more of the multiple main parameters based on the correlations between

15  the multiple main parameters.

8. A method according to claim 7, wherein, the step of associating comprising:

calculating correlations between the multiple parameters and the failure events of the aircraft

through data mining.
20
9. A method according to claim 3, further comprising:
starting a first process which is used to monitor whether the trigger condition is met.
10. A method according to claim 3, further comprising:
25 starting a second process which is used to monitor whether a condition of generating the

customized message is met; and
starting a third process which is used to collect the values of the main parameters and
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wherein, the custom zed nessage is generated using the val ues of the
mai n paraneters and auxiliary paranmeters collected in the third
process, when the second process determ nes that the condition of
generating the custom zed %essa eis net. 5 11. A nethod according

to cl aPTFEArY RAATRGIERs TeaSH 0¥ thie S?PHF%‘HSSS?% second process and the
third process by the first process. 12. A nmethod according to
cl ai m 11 wheksin.ethe custbmizell me¢ssqgeds geerited veing ithyuvaddestof tHe traimparemeters and

10whet her...the aircraft is jn akeof f stage,.clinbing stage or
descendrigsgndad eéded Bifle BSGRecess o8B nf HirPRAPRs Berditirince that e
whet hego@itionbt %neﬁaﬁﬁ@ﬁ{eaduwoﬁliﬁﬁd 1ﬂé@§g%qls aics. of left and right engines

i s higher than 220C or |ower than 155C and naintains for nore than 5
seconds; the third process collects the outlet tenperature of
the  precoolers of the left and right engines 15at every second. 13.

A nmet hod according to claim12, further conprising: generating a

cust omi zédd- dmsspdaceordingdg sia vaeg-lﬂhﬁr, CORRTHar anet ers of the

custom zed bl eed air nessage include a period in which the 20 outl et

t enper at stagtind thp semad ipercessodndtthethimfro@ssiby thghirstgmgéenes i s hi gher

than 220C or |ower than 155C, and a maxi mum val ue or a m ni mum val ue
of the outlet tenperature of the precoolers of the left and right

engi nes; and auxiliary paraneters of the custom zed bleed air
nmessage i,nclyude.an al ti.t f. the airgr d 219J| :
Cenpor at Ure 19588 ot A8 ey NS oot GRS A r B8 Tz o deppmine
cusb omvetheBRSRACRL iS i18a Gkes FRTage dliMMHTAGeediriiescehiiag sagsyst em

nessage. 15. A method according to claim1, wherein, the
custom z LS alal (VB '
of " Boel nate SRR H3ck e EtgRto USleifink hofich o Bhuddibbizel At of

stori ng.qnh ﬁ%lﬁ%ﬁ hbd {sEatfe? M| B0RY o Iowér}{tﬂﬁﬁ P& EN en LM ®Th LR more than S

nmessage I n a nonvolatil e storage nenory of an aircraft data system or
transnit%igg the custom zed nessage by the ACARS or ATN. 17.
A met hd4°8 cording to claim10, wherein, a trigger condition of the
custom zed nessage 10or a condjtion to generate the nessage isS. )
changeabitle third praggss gollegls flagoutlet tsmperiuie o1 Eheirpropiers oiBe dithand ight engines
tri,gge Lt of the custom zed nmessage is configured to generate
thégcué%%%ﬁg% bI?r‘gssage at each flight. 1519. A nethod according to
claim 18, wherein, the step of detecting conprising: collecting the
custom zed nessages of nultiple flights; and detecting the
performance of the aircraft based on an actual physical nodel, a
feature dvofmsdthod sesoudingoe chavm; 17, &irtheyeqropm®ya®| t hr ough using t he
custom zed nessages of nultiple flights. 20 20. A nethod for

Mai nt ai Nigegeratinga EWst@hized BROPhir Hicdgige,

wherein, main parameters of the customized bleed air message include a period in which the

20  outlet temperature of precoolers of the left and right engines is higher than 220°C or lower than
155°C, and a maximum value or a minimum value of the outlet temperature of the precoolers of
the left and right engines; and

auxiliary parameters of the customized bleed air message include an altitude of the aircraft

and an ambient temperature.
25

14. A method according to claim 1, wherein, the customized message is a customized

message other than a system message.
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detecting performance of the aircraft using the nmethod in any one of
clainms 1-19; and maintaining the aircraft in response to a failure of
the aircraft; or arranging the aircraft to be maintained in

an appropriate tinme in response to a decline of the 25performance of
the aircraft.

10

15

20

25

15. A method according to claim 1, wherein, the customized message is generated using

the ACMS of Airbus or the AHM of Boeing.

16. A method according to claim 1, wherein, the step of storing and transmitting comprising:

storing the customized message in a nonvolatile storage memory of an aircraft data system

or transmitting the customized message by the ACARS or ATN.

17. A method according to claim 10, wherein, a trigger condition of the customized message

or a condition to generate the message is changeable.

18. A method according to claim 17, wherein, the trigger condition of the customized

message is configured to generate the customized message at each flight.

19. A method according to claim 18, wherein, the step of detecting comprising:
collecting the customized messages of multiple flights; and

detecting the performance of the aircraft based on an actual physical model, a feature
evolution model or an intelligent model through using the customized messages of multiple

flights.

20. A method for maintaining an aircraft, comprising:
detecting performance of the aircraft using the method in any one of claims 1-19; and
maintaining the aircraft in response to a failure of the aircraft; or

arranging the aircraft to be maintained in an appropriate time in response to a decline of the

performance of the aircraft.
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