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TECHNI CAL FI ELD OF THE | NVENTI ON [0001] The present application
relates to a nethod for detecting the equipnent’'s operation
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the ground power and gas source, once there is some malfunction of the APU, the result is

20 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

25 cycle is time-consuming, which directly causes the aircraft delays even to be grounded.

SUMMARY

[0004] Regarding one or more technical problems in the conventional technology, in one

30 aspect of the present application, there provides a method for detecting performance of an
APU, comprising: obtaining EGT (Exhaust Gas Temperature), LCIT (Compressor Inlet
Temperature), STA (Starting Time), TSR (Service Time) and PT (bleed air pressure);
comparing respectively a difference of EGT and LCIT (i.e., EGT-LCIT), STA, TSR and PT



conparing respectively a difference of EGI and LCIT (i.e., EGI-LCIT),
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  Hereinafter, some preferred embodiments of the application will be described in
20 reference to the accompanying drawings.
[0008] Fig. 1 is a schematic illustrating a structure of the APU according to one
embodiment of the present application.
[0009] Fig. 2 is a schematic illustrating a structure of an inlet guide vane assembly
according to one embodiment of the present application.
25 [00010] Fig. 3 is a schematic illustrating a control structure of an inlet guide vane according
to one embodiment of the present application.
[00011] Fig. 4 is a schematic illustrating a curve of the change of the performance of the
APU according to one embodiment of the present application.
[00012] Fig. 5 is an example of A13 message of Airbus;
30 [00013] Fig. 6is a flow chart illustrating a method for detecting the performance of the APU
according to one embodiment of the present application.
[00014] Fig. 7 is a flow chart illustrating a method for detecting the performance of the APU
according to another one embodiment of the present application.

[00015] Fig. 8 is a flow chart illustrating a method for detecting the performance of the APU



to one enbodi nent of the present application. [00011] Fig. 4 is a
schematic illustrating a curve of the change of the perfornmance of

the APU according to one enbodi ment of the present application.
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30 [00018] The greater the need for the power of the bleed air load is, the greater the resistance
when the front end axial flow centrifugal compressor 105 rotates is. For keeping constant
rotation speed, the hot segment portion 108 should provide higher torque. The fuel oil
control system of the APU should supply more fuel oil to be combusted in the combustion

chamber 120 so as to supply more heat energy to the turbine 140 for driving the front end



portion to rotate at constant speed. APU al so includes a tenperature
sensor for detecting the EGI (Exhaust Gas Tenperature) of the gas
exhaust ed fromthe APU, and an 1GV (Inl et Qui de Vane) assenbly.
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20 (Aircraft Condition Mnitoring System) of Airbus and AHM (Aircraft
Heath Monitor) of Boeing. A feature of such systens is that it can
noni tor the operation data of the aircraft in real time, and

automat ol USAEh A TRE3RES. P Sk RS o PR DD P & e

exanpl e ( tRPUAdTMr@ﬁ dB@lﬁieQ@n@&ﬂwﬂ@l £ oamai tbdsBolddRlug it BxdebgedAEpeBformance of
Airbus), the ACMS includes an aircraft integrated data system (Al DS).
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and a control display unit is used for sending and

recei vi ng Yty efieovick will be gureardengos theomarﬂt ifs mpnmteined gt thisrtune. Gecartedy, when
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nessages (fatiee ditddkf, 0SS 20 86did uhdeeuled Haiflerthad, 208 Sedues ﬁfe&ielléxy @'tBe aircraft
owned by service prOV|ders and distribute recei ved messages to

respect i veansktho srastesf castiof aaiienazce Fauses by ﬁlaﬂlﬁ@lnﬁ@twrﬂm@t@ sy xadseherule.

nmbodi
oniern oo FEURS, PhOSREERC pPDALLAL o ISy ARV HISHBARPS, Bhs s gt
t he serverpe@ivdt he 10ground t hrough ACARS. [00028] Accor ding to one

enbodi nent _of the present ntion, the APU nessage can he
t ransmi t 8824y Eorc&ﬁ?ﬁyﬁg&ﬁ% rpaRaecd thi ARV itdsaegriredhto mamniior Appratipmfate of

Tel ecomungeaip %nl}&ﬁm%) taid P& ht ?ﬁer& Rort §%a OF rﬂ{ee{’lFUf lAsQﬂé aﬂ‘gxrﬁﬁ system is

system nmonitoring the per or mance o e APU actua
exi sti ng pmojeatd mdileeomipimxetheamcradisqadnshistegn Al?hbméagaee pmerﬂid such as ACMS

automati ca ted ndtran mtted.to. the gr d vi

ATRE Mo iter i e hoh SRR O RS bt iSohS fod ATIHc A Gt Heah Monitor) of
decl i ne PeRb&QHg OA féeﬁ‘l?reré?'éu&f SRAGR 19 khalt MecahPhbnito? erdth (ﬁi%%%@ aircraft in
t he A13 rressage of Airbus, i.e., APU MES/| DLE REP , or the

message of r@b@mn@nd@mn@waﬂp genepite snpstpgapinchisesgpeciaPdyte 6}(1)311]3 CIertam Hegger
fol |l owi ng er%qtdl nent the Al3 nessage is used as an exanple, and the
APU ressag®’ FUBJEMFY can be processed sinilarly. [00032] Fig. 5is a

schemat i @024 US THIdhE e AOVBXEMIBusHls A X afBRS@EFEATM bF Bbéifag céﬁ bé b&parable
the Al13 nessage mainly includes four parts of infaormation

redpecti vewhéhfeAéM%ézﬁ drirbug)y tRPOOMS tnsiydes jgn girgeadl iFeerated é@ié Isﬁ.fttfﬂ@r{AIDS)
par amet er ’h% c&%%rftﬂlléﬂ'ﬂﬂsg?s Qﬁgt%rr%{agglﬂgﬁt%lt%@? The DMU has the following two

important functions:
- collecting, processing and recording many parameters in the aircraft, including
data from the black box. These parameters are stored in an internal storage memory
30 of the DMU or an extemal recorder, such as a digital AIDS recorder (DAR);
- generating system messages, and triggering the messages when the trigger
condition is satisfied by the aircraft state or system parameters. These messages are
stored a nonvolatile storage memory in the DMU.

[00026] According to one embodiment of the present application, the aircraft data system,
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25APU starting paraneter. [00033] The header is conposed of CC

section and C 1 section including mainly the follow ng information:
flight information of the aircraft, leg in which the nessage is

gener at ed, f e. bl j I , - Y ature
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and 53 indicate the status afte he APU starts all of._engines ]
SUccesst Ul TSSaRRS (it Ik ameiopesmr NEve BEHIN AgHow apgally GG0APedy service

Al 3 messagol fielsU 368 dRututd @béil¥d RlesBEAlBEGIe iVl drf8f BPfeRREBATIAQDN the
status of the APU. The operation parafeter for starting the aircraft
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e o GBS BRI ROTHRN Lk, €7 LI B riccin

Taki ng t henafwogkaft A320 of Airbus as an exanple, the anmount of
system dat a obtained by the aircraft can reach up to nore than
13, 000, MAEZYi nAs o hegiarent ishidatpsystean manitosrg the rsrformapgesdthg APU actually
reflect th r nge - . , Abtr | LSS
belgol ved %er?hJé@%r sgﬁg&gpgpﬁgg??oﬁg?%ﬁ&ﬁ%% %gﬁse 80293%{11t g%l%ﬁ&nat?cally
par anet er sgénemtededrld tensARtddpe tHeogrremb @ a pat ARE be ASNa bl wievergteenati®ra data is

suitabl e al gorithmcorrespondi.ng 15t e sel ected r ers so as
to accurat %Q%WS?‘L%‘QE&GC?% BBF’CFI r?&ﬁﬁ‘goé?g‘etpﬁ. Omcepg%%]%-ﬁ g. 6is a
flow ch oboz(g' UBLH &t e,athgemOHleﬁéaF% detBfusNde t AP RAED B FEEERORT, NG the

APU according to one enbodi ment of e present application. As shown,
in the et ABY BeRaed diBatatgis an kyample op ewdhokIMdmusssagk. t he APU in the

e di ne t st 00, the f.ollow.,ng eration infornmation,of e
APaE s apap Het BB oRns erBarfienBlbih (PBE ol dl f & ol R apu
(Starting I'ﬁ!egggée oﬁgéé{hg:@aﬂﬁd’ﬁﬁ-oa'é&mﬂﬂ@ﬂlged_ air pressure PT. At step
6200, the difference between EGI and LCIT (i.e., EGI-LCIT), STA TSR
and PT al08034spBig Sviekychoniier iustyting anrrspmplectipbtl messagpoé<yidng As shown,
{espoct | veren Barsraet AnECMSRePE R Bh! OnREaGR BEBLISRLRy ehEheader
par anet er san APUShigorp &I0mmLRa ¢ 0pgal oS piramesulftr Hating eite Ltkalt €hdine and an
STA, TSR and PT 25 and their respective threshold values is assigned

wi 20 a wei QRY. staing pERmEEn0, conpari son results between EGT-LC T,

STA, TS PT. i i I I u Sj k g

wei ght aOgB?B_rJt ea?éalﬁi gé@%ogseé (ﬁgﬁ&%%&g% S%@%@ gﬂ/%ils%%%{_agr %qﬁ‘rgﬁ{kg Iﬁatmy ﬂ'fe
whet her t hiliontieg isfboadatices Ulithteifeedsioa 6f tirt apperefietedr i nédchy ahaueesddge is
the integrated result does ng% ﬁxcee t he {i,rst redet er m ned %al ue,

it is deteBFicHY dpe SAEPIGBOGICAMNT YAYS: poirk &iF aGre {lffe AR demRerature)
good; and gl HtEAMRCAPY HidtorySinfEhGtish ﬁbe@bn:{}éb%w%{f FiN&cdidH ROMAIRIhe following
result exceeds a second predetermned value. If the integrated result
doaés not einf@ethtivheths LRI gempalathatber, Menaect ka@irsiend icircilstiahesrel hksdtheatperation

step 6620 that th erf.ormance of the APU is nor ,and at step.
ov1h, CTE0 s hotaueter St dragrerth shiihe &L rameres wb S S ResRts SuiBsip, Y1 and
predet er m §e¢hN@kd!fre dpkrdtiBf stalisCORA @€ FraSHlctardOfInd R stR6AERYD shBS2 indicate

the operation status when the second aircraft engine is started, and N3 and S3 indicate the

status after the APU starts all of engines successfully and when the aircraft is running
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[00038] If the aircraft data system does not automatically generate

the operation status nessage of the APU, correspondi ng sensor and
trigger condition should be added to generate the desired APU

nmessage. |{okfie existing APU nessage of the aircraft data system does
not cover one or nore of the EGI, LCIT, STA TSR and PT, the _

gener at i [#§034ndiThé¢ &3 message nghidaPy pﬂmglétagef pehonstersiyelabimgitd pperation staigs of

the lacking o or., nore paraneters. ce t APU fressa an b

trans 1t oferar Y Baf areahoh BB tof s R Pl ErRRtyngikeaie BYT, e
ATN, the rggdnidd M16BNHOIGVNahefinlbhsrefREd 6f RNGEnREssbH) ehARdd Cdmpa&sor inlet
achi eved. rtainly, the transm ssion way of the nessage can avoid

hi gh cost temperaidranthe flogr rataokibg bikedtaive th@amewrw\safythe Pbed auadie oil temperature
According o I ,

o o ok B AL B s BhBBE e PP A o0 i g e
aircraft dakapeayStabis M&HwEGTgemrcaatﬂoagsﬁdee ARbke PRals aghe cﬁiOEGZIO&ndAthe load
step 6200, the threshold value for the difference of EGI and LCT

( EGT- LCI T) COBpresspREMstitefaperfaneRedi i ne i s an EGT redline val ue of the

APU. EGT, n h . o
model s o[}aﬁg\%‘ﬁs Egggggﬁgﬁaéﬁgn({fht %Jfl ?)aneI%Ithe(ghéﬁ# aﬁe{e&se ﬁ”ahdmon o the
obtiai ned fparﬂmetefsahleﬂlermnha]hessagﬁhé“alhhg ebd alrdrattah 820 DOrAIDBTA assan example the

STAwam ngLi ne which is a Og#foﬁﬁiﬁﬂée decl.i ne val ue of thg1 S'(EI% (%@ngem a

al so depen%@o‘t‘iﬁ of gstemp data obtaig Bjairea qap reachaiPde ware
TSRA, whi c of datk @hd BEQ rrlﬁdﬁ'éc'ﬂz oY %éﬁ@f(ﬁﬁhh&%fi the Wpef, Therefore it
ti me-on-w of" a certain nmodel of APUis 70% The threshold val ue of

PT is PT/ Aasmpeiofisissestthéei&@lvnﬂ hy mﬁprmeata@pémathmbs@wvetcr@tﬁat swblgypagameters

certain nodel O, the threshol d val ue of PT an. be .
PThaseli notomal o KL petspistiict AGRERTS wiiblorengric nliab iy comesponding
centai n nogahe Qélec@%{:géihkhbt@% Q% W@hccﬁfh@él?fréﬂﬁét theQREBFh£1RB ob fHe\Weren
EGT-LCI T, STA, TSR, PT and their respective threshold val ues can

reflect KR0S sBig. Bagyr SevwhheridBustiating 8 methed fos drigaiéns te pedformpange af the APU

perfor W&nCaCC8¥d1$% APU %ﬂ%{r tf}%l% plregln’&%é}%c%ugﬁ C/Lé Mo H&LP%{ fife IgéthB(P 8000 for

perfornance (0] I ne Ine an

PTBaselLi nedétedam@ethemeafoﬁﬂﬁlncfer oMifecARUeth dier emacf;dlmmnmalssepoﬁl(icr Qm: following
manuf actures. Certainly, they can_be obtained throu act ua

exper i ment OParigaiaformation af ths‘: ‘%%IﬁtlsanPfalﬂiF‘écsE(B& Ieldn( rﬁssahaﬂ%t Temperature),
stgpdard vapp s&d?—mg%ﬁg%@ J, > sePHiBE Binle ﬁgk hidd 'bTQghTﬁpgﬁé’sﬁﬁ% BeOY!: A, Jg}v@@@ the

mai Nt enanceé enviro nts’and ot her ctors | 'ong peri
observat i Odlfhmﬂlcatbaiw;es:nSEGT haad i VAN @r, EGM@IT})&STA h'ﬁ‘SRlami-IéT heectespectively

nodel of the APU satisfies Poisso ut| The desired. T

Can’ be_obt IARHS PO eSS (PiFBIGHYAHES! M THo IS GOk cmbodiment of the
di stributiglsse ﬂ%llEﬁl(ﬂlbttﬁé r‘re%ﬁv@(iﬁﬂéglﬁﬂﬁ Vet areF ek tr&¥@MRIRs dhespective
paraneters (such as a nean value) of Poisson distribution followed B

t he act ual par8Reteen Abestttpaﬁm gegdcdmpaisby resuttcbatvesn EOd-1¢0i; §3poddRRnend PT

TSI LE where e. fail e 00/ t he se r|t at %9 can .
bo 2 al cut athigin e IRkt wthe samaite: it 2oveiehf alsirb Rt c6ifferison
di stributi QRuidc beatded E@himﬁd At TSRTaMR }P"ﬁoaﬁﬂllheﬁoﬁ%@éétﬁz@ntlﬁ)@s%ﬂﬂeﬁalue
EGT-LCI T, STA, TSR PT and their respectl ve threshol d val ues can be

done by catensidsringghe Wélghélﬂtfbméﬁgmiﬁd fazethst et Sr@p patl it tsadasermined whether the
considerin ecti,ve

Sra Tor | BREHE Gl e SRPE Bl i RRFRLRNR e i bRladtE R et Broeed
at step 62 t&@tcmédhtétmlﬁ@i wilee, &b ddieffinkd af stth 6570 fiaehe paffpinhaat odthe APU
[00042] EGT-LCI T, STA, TSR and PT have different .influence on the

pePPor mancs gsodi pred APEIeP OAED.af b deterpmasd Yhether: Grerjategraiqdgicant fkqerds a sccond

P B e 05 e B G v

their respiags de»tenﬁihé&sﬂ‘wélﬂﬁﬁmlthﬂs_hapﬁfmbiaacm@ﬂhe RPU Bhorkal, aiﬁﬁaﬂ%ﬂe;ﬁﬁ’ﬂo, it
is determined whether the integrated result exceeds a third predetermined value. If the

integrated result does not exceed the third predetermined value, it is determined at step 6720
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(1) EGTReaneSTAI Vam ngLi neTSR', PT wherein, PDI (Performance Detection
I ndex) is a paraneter reflecting the 30 performance of the APU.
According to observation and analysis of the inventor, if PD is |ess

than 0.7, jt ans. t he perf.or ce. of the. APU . P i

or eater ¢ nitht BEF AR gB St AP 1Gisthe UG penbl ot Bl i B bypfos e
APU i s norﬂiﬂjd%pr@dwbﬂnﬁnddhﬁhﬁpit ik ge@feiate bt $tBROSOD it thetpefBANack k€ the APU is
performance of the APU is poor and in the decline period. If PD is

cl ose to linthefaulhpgapfe PDI is greater than 0.95, it means the APU is

in the faj ‘ i s A _
an exampoR0 8% REN:Bgd8 Snt BbbHERnlB 20 RN BbpRiioh A inARHDRYE Ruired o
exappl e of stehelGreans: pisteded dom tRdAMdlmasade sickeps GGE1LATS snlsa3b, Fangkample,

an exanple_of the third 5Spredeterm ned value at step 6710 is 0.95.
[00044] ThidefeBHBessAgF ke RO IHBHP HERAITER tSh%P%Fé%BﬁPbtawﬁg reattelyfrom

is furthergg S(“Slééﬁfédlnﬁa‘?#éﬂgletdépf %@@%ﬁcaﬁ@ﬁ@k%ﬁﬁﬁ{?ﬁe@) I{f@@%‘gﬁmtml center

Exanple 1: the relate nformation o APS3200 AP OWS:
EGTRed! i neardl68RCCYPAvwioni gal CoemBticaBdmiCorn®raticBiRndtwH0l0 Oontiith eentet igheal time,

araneters respectively. are 10R1=Q. 2, R2=0.3 =0. 35, R4= 5.
P00046] - Theb Shianed {1 SmCesHec af MHerdpetaps SIS 1Es SPuRBE LI Ry decoded
Sl ¢ net V‘DE)Ea FRMAEEHe&RIBE &) asdb oblAEhE@b¥RLS HFeY]Blon 0 RicBirchdd KA.

time, and t'he obtained APU nessage of the aircraft is decoded by an
ACARS nel$983 dHciderirgaft alata eystdin alags tive aupsematicilby genérotentiiei eperafon status

the aircraft APU i.ncluding: EGI: 629, LCIT:33 .STA: 59 .TSR 488 nd

DT 3 66, TBRSEET G IC Lo, DR EoTERP B et sy Gopgidiph. SRR B8 Beged to
STA  +R3  JRrdrdthd UeBired KGTRABssage> TAhE cxisting APUT 9i8ssabd of the aiictafi Sata system
calcul ated that PDI =0.85. Therefore, it is determ ned that the

pﬁr f or mancéoesinot BeveaREk ios maie phEedde T el T ST Ao d SRaand Brhithe sengrtimgspndition
t he, APU of ' t . _
reﬁ%t ed ?n?if)tggna’ffilltﬁ)zﬁ%%agfe ﬁsg&@%ﬁﬁﬁ‘ﬂsgf Rf)%ldl élggg&?lg%%mm {eepa%amétlales. Since

EGTRed| i neti@4PU mEssbgaicngbd emalitedibr dutdscbyver bBRARDOAOIN rEhleimevg{CARS or
paranmeters respectively are R1=0.3, R2=0. 2, R@t}f@: 35. R4=0. 15  [00048].
The APU nedbNgeheorak tige angmitorng of sheprriarmanes ehde ARU opp ke gehigved. Certainly,

e or i SOk kgt oAU OGP, S iy CATLRE1af gy e by v
ACARS nessmgsudlemgder so as to obtain the operation information of

A TR T o W - M L N

STA  R3 35&8610%11%-5 dBrained directly from the aircraft data system without generating the APU

message.

[00040] At step 6200, the threshold value for the difference of EGT and LCIT (EGT-LCIT) is

EGTredline: EGTRediine 15 an EGT redline value of the APU. EGTRredrine depends on the model

25 of the APU. Different models of APUs have different EGT redline values, which can be

obtained from related manuals. The threshold value for STA is STAwamingLine Which is a

performance decline value of the STA and also depends on the model of the APU. The

| threshold value for TSR is TSRy, which means a corresponding time where the reliability of

time-on-wing of a certain model of APU is 70%. The threshold value of PT is PTwin, it is the

30 minimum bleed air pressure required by a certain model of APU. Or the threshold value of

PT also can be PTgaselLine, it is the lowest inherent amount of bleed air of a certain model of

APU during normal operation. Comparison between EGT-LCIT, STA, TSR, PT and their

respective threshold values can reflect an offset degree between current performance and

standard performance of the APU, and further reflect a decline degree of the performance of
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EGITR" dal eSTAWAr ni ngLi neTi Rrt PT [00049] it is calculated that
PDI =0. 72. Therefore, it is determ ned that the performance of the
30APU is normal, and the APU can be used normally. [00050] Conpared

with the pﬁqh Ca\?r EGT,L h%Tge%hggﬂfo%dngwlaﬁg\fgfgWOQE tolﬂg n&l"‘from ) related

present app i on, A 47 “dbt ai ned
time, the Bkkraft anahbBbi me&onamnﬂacngest Cdrtainl,othey| can (e pbmnﬁdttﬁnmughhm:tual

obtai ned PDl is cog_Fared with. the det er m ned. val uge, refore,. the
mot hod canSREBTIRHL 41QIED AP RCTTHRR BES POPTREACE ot ik Siapigaslg inygeneral,

t he conpar élﬁ&n?&@hg?ﬁnglsdgggegﬂg g@@aﬂﬂfﬁaﬂﬁr RARk RNt EE i MAlIGts 4 OtlAl\ePr factors.

addi tion, of “operation status of the aircraft
i s ®btai ne"dhmegtolceﬂg;peﬁnd robsdrvatlammndvdmab'blspﬁnn 1ﬁweamndbldﬂmhdtlthﬂgtlmoaﬁeandodel

[00051] et B et Gere e o ERGR B e SEP SR Be AL RRgA Fagypcpul date
of the EGI Ritilizea®yi Qbﬂﬂlsttﬁ’mﬁi@)ﬁ B8R bhBIM mefe ddaBraly BSRNtFor example, the
application, tthe neasured EGI and I s converted into val ues under

t he st andapmtamdnm (suchirasardednhadue) of Pem;medmthbum fotowed balthd actiab T&R¢ban be

t t t el t h o
et o U Saie bR oS S 3Bt SoREY b BREC Pl 138 e
50Gpcan bese@@h@ch@@l i8S7095E cait ed BileuleRA ity tia @beinkdr pahietetd @f disson

tenperature al so can be e selected as the standard condition. [00052]
Accor di ng @@ﬂbhéo@ﬁ%@ﬂlmﬂﬂwﬁwﬂ@ﬁ%sent appl i cati on under the

of “Boc (CREM; CMpAR T ettt MO HLLE Sra? IR P70, tilf SSPBRGE Hihola
1000 R( TATva{3.dab)be HoRT' Bf’bf?llv{,l]dm% fhg (rél)o or dlfferemdfteffelfﬂmhﬂﬁﬁ, dodlsidsringweeights of

pressure under the altitude of r, ALT i Itltude or the
standard alefPectiyeparymeiers ﬂﬂ%@tlaﬁﬁf Eﬁt -ItCéEFp%Tféﬂé me%’fh&}r respective threshold

tenper at ur@alué@aﬂr@c&laﬁa‘éﬂ bt 4 Bidﬂy c@&‘al B oRE efBodi RdentR bl?catlon.
T ere ore, the

t he adj ust nent paraneter an can 00053
corr ect i [@042jef EGAHeDIT, STaf, TtRe amd PTthde q:nfferssminﬂubme oilthExer ®P#8nce of the
1000 APU, therefore, they need to be assigned with different weights. According to one
embodiment of the present application, in case that the ratios of EGT-LCIT, STA, TSR, PT
and their respective threshold values are obtained, R1, R2, R3 and R4 are respectively taken
20 as weights of EGT-LCIT, STA, TSR, PT, and R1+R2+R3+R4=1. According to observation
and analysis of the inventor, the TSR has the greatest influence, and thus R3 is generally
greater than 0.25; EGT-LCIT and STA may have different effects regarding different models
of APU; PT has relative small effects, and R4 is the lowest. According to one embodiment of
the present application, as to APS3200 APU, R3=0.35, R2=0.3, R1=0.2, and R4=0.15. As to
25 GTCP131-9A APU, R3=0.35, R1=0.3, R2=0.2, and R4=0.15.
[00043] According to one embodiment of the present application, the performance of the
APU can be estimated by the following formula:

ppr=pEGLLCL  py  STA | g3 I5R +R4P§¥"

GT RedLine STA TS‘R

(1)

WarningLine "
wherein, PDI (Performance Detection Index) is a parameter reflecting the
30 performance of the APU. According to observation and analysis of the inventor, if
PDI is less than 0.7, it means the performance of the APU is well; if the PDI is
greater than 0.7 but less than 0.85, it means the performance of the APU is normal;

and if the PDI is greater than 0.85, it means the performance of the APU is poor and
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R(TAT+273. 15) 208=ei ng [ 00054] Considering the effect of the
tenperature, the final correction fornula of the PT is as follows: =
-PT + APT (3) wherein, PTc" is the corrected bl eed

air pressure, funct.i ated to the 25t ature
be. cal cul at ed bif Praerie Ay P BP hi oS, SO R RIS R U105, i
wherein, TAT i syl tREAPEN it SiEFRILaE Yefod Ald fallurks 813§ oeburdk @ny time. Therefore,
adj ust rrent coefficient and can be nmeasured through experinments.

According to onan emmifz wé the Bist Pfﬁéleﬁﬁﬂé%ﬁt"ah\?rﬂt istatG3dn,is 817, wasxample of the
order of 10-5, bl gﬁ%ﬁeé%gn%ﬁ e A ZSEFpt ﬁr Ou %Sb %Ba\ea%n%)pan@% oflthe third

[ 00055] When al OBy are optai'hé experl men

neasur ed PT can ﬂagete@ﬁmedvﬁdeam@ﬁﬂelgolgsect ed PTcor under the
standard status according to fornula (3) {,00056 The correction

for mul a [OP0#ET The a@tméllné%aboee?mbedemm Re@reseniappliption is Sther discussed
Pi ke(5) 5 der the standard dit A EGT
Pi ke(5) Wéu%qwolgg%@ ?hél%ﬁl&ﬁ?r under e standard condition,

is the func rel enperature, PTReg is the Iovvest bl eed

ai r presgoo45]r eBramgld whisnrdldted énfginmgtionsofstharARS320pIATNds pe fdloevst B Trediine
adj ust nment coeffl ci ent. Accor di ng to one enb di msa&ﬁ of the resent

appl i cat i onPd% h%TPF\&mgemo:fg vl loes 2 of SBe> W o Heppt HaF?én‘?t Aggskectively are

val ye of t%?—d@ RE-0/9-RH0.35TRE=§RSCI fi C vaI ues of pl and p2 can be

obt a| ned through expeériments. For exanple, different EGTs 10 can be
obt ai ned[0004fgr Thd AP Entessalgt iof mmslxcraﬁumbhﬁamedgemoteéjr fraimnSH@vweetwork control

out put and tenper 0C.. Then, the as r EFTs .ar
ot h t he RSP RaAD Y deRiarh eonrdh s 18 ol B ot i EERREkSE of the
pressure, aARdaft R&EHANARSaOA CIARES ﬁ%ﬁa%@@iec’bb& JoBHIRE bBtalH the dp&ation information

regressed, so that the adjustnent coefficient in the correction

fornul a caef e ebtrifiinddU [iododing: AGEH2%ahChE3Z.a8dd! % cBSR148R3 tand PT:3.66.

foI OW ng for 2TAT2 + b2T4T + c2(6) wher ei n,
TA'}' is the n?&ﬁt“’&k?ﬁgg‘%‘t‘lﬁ.fa % b2 and c2 are adjustnent
coefficients and can be nggsurgedrt hr oughS@fperl rrerytg}g ACCpTﬁg"I ng to

one enbodi nent of P@émﬁw ?}o'n—fher
0. 005-0. 02, the range of R 5- 2. 5 Afichintthe raﬁggof C s 60-100.

20[ 0005 _8] V\hen ?&C{O 1'?@%%&% S’fflrg %g eﬂ‘ler C?-(I)_re R is de érmmed th{ K lpgrfﬁgn]t)angg OF the

be rewitten as
APU is in the decline period, and maintenance of the APU of the aircraft should be

planned.

20 [00047] Example 2: the related information of the GTCP131-9A APU is as follows:
EGTRediine=042, STAwamingine=60, PTwmin=3.5, TSR.=5000. The weight parameters
respectively are R1=0.3, R2=0.2, R3=0.35, R4=0.15.

[00048] The APU message of the aircraft is obtained remotely from SITA network control
center or ADCC network control center in real time, and the obtained APU message of the

25 aircraft is decoded by an ACARS message decoder so as to obtain the operation information
of the aircraft APU including: EGT=544, LCIT=31, STA=48, TSR=2642 and PT=3.76.
According to the following formula:

ooy g EGL=LCIT o STA (i TSR o) P;;;”

EGTy 11 STA TSR

WarningLine "t

[00049] it is calculated that PDI=0.72. Therefore, it is determined that the performance of the

30 APU is normal, and the APU can be used normally.
[00050] Compared with the prior art, in the method of the above embodiment of the present
application, EGT, LCIT, STA, TSR and PT are obtained in real time, the PDI is obtained
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EGT"' + R2 STATSRPT. PDI - R1+R3+R4 (7) EGTReaweST Awam nguneTSR,, PT,

[ 00059] According to one enbodi nent of the present application, as to
the corrected PDT, if the corrected PDI is less than 0.7, it neans

the perfor fghnp 115, 283 then thE obRihedd DGO TbRA64EE Wil thE Predetermi
greater th%%g . %U%Qﬁgégﬂkggﬁﬂg} ?1?%(%2552 t egggr ormance o H%ﬁgnnuwd
APU i s nornale, thdrefobe tixmomethod eah Ricbratedy geleahme thdyperfd@m8ncd d¢f the ARE) bdsed on

performance of APU is poor and is i he decline perio d.if PDI
s gr cat or EIEATRSTAN bPW@P%dH%&P@@DQh%F pA?ff?t?rgmﬁﬁl vatee f i‘f‘ﬁlﬂt@r‘péﬁ? OFARS
Therefore, m@&aﬁ%?ﬁ%ﬂoe?at% skdifs bt the hir@LRISHEIBNSHed AntiRe19tin SdafRufedMMich can

is 0.7, an exa the second predeterm ned val ue at “step 5610 S
0. 85 and aredeccanpikengibad tel ¢rthianck tBO proddeffierenty) edmypared avitht obddinipg Bab@ally.

is 0.85. 60]., Fi g. i S flowchart. illustrating a meth f

ot ect i HGPRE. pdnt offinefrotrRrim b s delant myteu i Seiey obfhe 0T and PT
enbodi ment Aeforliiig B GRESHLARREHICAL tHRNprefht %B?m;tioh,nt}khﬁeéﬁ'ﬁ?e@C’EGToﬁld PT is
for detecting the performance of the APU in 1he

enbodi nent, at ste
710, one ogonverted o vHlues widep ierrgandprst comidion) ant dhwratioi revrowve ﬂter@’feAPUp altitude
are obtained;, EGI, STA, PT and the | I net hod..f o
Obtai ni g BECETFNT S adtan ey SR Gk skSrimer gt Hekey. o cxample
Sapplied ip this,e di_nent 0061]. Ac AN Q .1h erat .o "
or i pi'e e allBedqiRr R EE R s PRy TSP b st P BT 1 flarg condition,
i mport ant apeter reflecting the performance of the APU., Since the
EGT di 1 ect FY GBIt e R RE RS LI BPAFGH BYIPP SPeIEy oA,
whol e ARdowkn hB&ARY RPELAT &SbREmERANST ahé ﬁreéfgf Egﬂ@geﬁ,d unddi€ teO¥@hdard

t he heat energy conversion efficiency of the t he hi gher

the val ue ghdiid FEPhg the afitiicColt MR Rhd Ble EMPERMIODS 56PC, AR LHERR ed formula
control the fuel oil "valve and the inlet angle of the G/ to ensure
overheat w : the PT and the angle of the IGV in the APU

par aneter\é\b.it:tg%p?g? ?ngépbgﬁ'ange indicating the APU is close to overheat
status and need to be prevented from oveihedtti ng. The STAis a

paranmeter reflecting the overall perfoﬁs@ﬁ% t he APU, which

i ncl udes the performance of the 5 sta—*t—n;zgg'—rrotor, t he performance

of 1#he gearbox, the effici eﬁ’éiFe? st conpr essor ufdt and power unit
(i.e., one conpressor and. two stages é’f turbi nes).. The curren

) - t .
per f or mance and Ye1eEYifrigu {5 BRATSHITE HBCAS FERIGET Pardigefld 1t HitgiiHde or the
moni toring Sfaﬂﬁarﬁ%ﬁﬁm&&ﬁﬁﬂafSQH@EI%B%ng%pe*a% &T&a?@ﬂ{p@f&ur OGSOV air guality
respectively nonitoring the paraneters also contributes to determn
t he fail ur end oarr oe29,arglisflimds*hR deithe aflmstmene para@ofed 80bEin bat8.5t.ep 720,
it is deterpned whether one or nore .of EGI,. | GY.angle, STA and PT
change slfogﬂggli cgh‘?rle re, the ?@%@?‘é??ﬁfﬁgﬂm‘[ Eapféﬁ%\{%@ﬁgw&f'%{,ﬂ Par anet er
deteriorates when one or nore of EGT, Il angl e, STA and PT change
significantly. [ 00063] As to the EGI amde PT, EGT, or and Freor
mentioned in the above enbodi nent can #Ep2EE the directly neasured
EGioand PT to renove the influence sfethé®altitude and 25

tenperature so as to obtain _nore accurate results. [00064] As th )
servi ce 0RpaSensderingdhs effsc Pﬁﬁﬁé@%@rawe ﬂma{waé caegtionyformula of the PT is as

deteri orat gg,wlhi s characteristic of performance paraneters of the
APU can be reflected by the following fornula: X = ,80+ /O to(8)
PT . =£§+APT (3)
wherein, PT.,, i8 the corrected bleed air pressure, APT is a function related to the
25 temperature and can be calculated by the following formula:

APT = alTAT? + BITAT + ¢l 4)
wherein, TAT is the ambient temperature, al, bl and ¢l are adjustment coefficient
and can be measured through experiments. According to one embodiment of the present
application, al has an order of 10, b1 has an order of 107 and c1 is between 0 and -1.
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30wherein, X is any one of the EGI, STA, PT and IGY angle, to is the
installation time, )30 *Il 01 are fitting paraneters. 01l is the slope
reflecting the changing trend of paraneters. [00065] According to one

enbodi t resent_appl i cat i V,
par amet a8 e helt> SRl EhERsd it bdrkndtls, (AL dER5 500 20 can be
fitted so amvk@ed @ fhieRoRdct@IPTS, EsPdhE etnddrt Rtatlsece@tigizan denall 0§38,
and it is determ ned that said paraneter of EGI, STA PT and |GV
changes [908%f i Ehmequection forawta ¢IEGT dvastpldews: di fference between 01
and the reference slope. The reference ;siope is calculated utilizing
data of the APU havifE, gedliGOpetEtT orpleondipR( BT, —THE, dat a ©an be the
data after initial installation of the €ane APU 5and al so can be the
data of other Al - 1 ane 4Togs i ) 6] i :
to %ne enbodi rrewég%mt EgTET ggsatent a%ﬁ'iﬁ? %J;{th?%ﬁ%ﬁg#dt %Jrnqg Ejg ’ ,&?ﬁ’%@?(s)i%qhgguncuon
i nst al | ethtahtb fhertanptenge,t PBL.gof thedowastthladdi die gressurp lreuatder t whenf the engine is
initial paraneters recorded are averaged and thus respective ini.ti al
val ue ofteiésfedy a&ér%@?éﬁeﬁ uypeat sRedidentt %@Wrﬁﬁngstﬁé)&?ieyﬁmf’@?@t@ﬁé@ present
val ues. I 160 ;

a %at?d}}?‘éﬁgg I&)ﬂg%e b?gﬁﬁgfgf fhe ﬁﬂr{Etz@ 60! ?hellglégét' of Pd1fe oft HeQBCR Ab-100. The

Vari ati ons can ai ne rough conpari son ween t he subsequent
par anet sgesifizncluck @f péfaad @2 can balobtinettbomgh axpaiments Foorkonplet dffetest EGTs

ol 2 (ol THt o ohs 2hag a0, hetloch, U chand g, et ohvcunue o
I o jati f EGI, .ST. P d | ati j
e oL a0 O] e 0L T ST B P Ot BRI PSS

variation, it js determ ned that 15said gne p rﬁmater anong EGI, STA,
BT and Wlgr smaleydPressuin ARG etabynaes ob the SQT g R HERRSFAREET Fegrped SO that

| T thergely§i St E@Tgﬁg.knﬁhftﬁ@(;&&eﬁopﬁmmam oblapRas. [00068]
According to one enbodi nent of the present application, the val ues of
one par a0l ofA HEET cariefcal Rilatedh fromGhe fallowang tromskcut i ve peri ods of

the sanme length are conpared as indepgndent sanples. It is determ ned
that said one paraneter chARGdd =1l iyt and 28deteriorates if

t he above conpayj i Qni-fi i e . -
reduci ng infl u@ﬂ%@é&@ﬁf E%%h%aﬁud%tqg@??g@%’Zagbggﬁn%%ggaggg%ﬁg e(r)lt %%eem cients
val ues a@id pai deeireasual theagh rek ferirftdnts. SAAcor@hgatod ohdS exiboAanant difnthet present
one enbodi nment of the present application, perfqQrm spmmoth processin )
to the RAlGaionythesngrefetsis %P@ﬁ@#%&@pfapag 0&?3@&5%5 ierrange of c2 is
aver agegg @hhi ng nean. The anount of nultipoint is nore than 3.
25According to one enbodi nent of the present application, the val ues

of 2par ani®0ess] amepexdbptinetheswostted HWE esd Phgthecioondian(d) tan bhecwritten as the
fol |l ow ng rmul a: Ace", = CdX'.",0011, + C2X A d(9)

wher ei n, %%t he val ue before snooth processing, i.e., the

measured val ue, Xnew is therval ue aft@r, snoot hppocessppg, Xmooth is

t he snooth val uemﬂasmean%tmw—ue—e#—%?ﬁ—+R4mf” D

rt cor

RedLine 7. AWm‘nIﬂgLine
[00059] According to one embodiment of the present application, as to the corrected PDT, if
the corrected PDI is less than 0.7, it means the performance of the APU is well; if the
25 corrected PDI is greater than 0.7 but less than 0.8, it means the performance of the APU is
normal; if the corrected PDI is greater than 0.8, it means the performance of APU is poor
and is in the decline period. And if PDI is greater than 0.85, it indicates that APU is in the
failure period. Therefore, an example of the first predetermined value at step 6510 is 0.7, an
example of the second predetermined value at step 6610 is 0.8, and an example of the third
30 predetermined value at step 6710 is 0.85.
[00060] Fig. 7 is a flow chart illustrating a method for detecting the performance of the APU
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30adj acent point (such as the previous point) being snooth-processed

and al so can be the average value of points around the current point
(not the current point), O and C2 are the weight values and d is
greater tha 7

< et er m heg Tl iR s S lerl ot 0 PieEernntPebln s S i phinod
consi deri nmmﬂh%btl@ﬂlezi’erfﬁﬁﬁﬁldéfof T APBTiA, th&EmBodimedY a€ ftap Jeo, one or more
significant| 00071 ccording to one enbodi nent of the rese

appl i cati off tﬁp tf01[0§"16é9§¢fﬁﬁl%t!1f@1ﬁmlotl qEthsehR B arpeitanet: Brk SAPYPT and the IGV
det t t .
N L R R e P

present apgipliedin tis ehbodimegtet er m ned that t he performance of the APU
deteriorates and the, APU is in the decl.ine 5 perjod i

det eri or @OHG1] apeertdinggtor BeapRsuiagn Eﬂ%@?nﬁntheoépphéhepﬁé@"eﬁ{\PU Exhaust Gas
appl i cat i Oﬁem%ér Jh%%é?%ﬁuﬁaﬂ&ttt{%%&eﬁeﬁ@& i ﬁo?ﬁaﬁc@%f’%ﬁy UBS_It_tlce the

det eri orates sin ecl I ne peri any two o
STA, PT anBGI@edity eafleot the deatimeyydiongersion affaidrey of fizodhote iPlbfvhemnthe APU

present application, it is deter d.that t erformance, of fhe AP
et or | or at SRRt HBstAp i PETs THEPM LS BEOer HOvFShR siffeatyet th

PTglet eri oppiss, hOhRAC hk vARR JTRidIBdTSH Bkl the bl sfst@Rr ﬁqe%lﬂu Qﬁn control

used sinmultaneously to nore accurately detect the per f or mance of
APU. [ 00078 ﬂralgul Bhvesand the imbet ahgletof thel IGSM fosgnisvng caerheathwid] fod pceur, the PT and

detecting APU ccord| furth [..on

Crbodi g, BB ShERRG N e AP rarandeRLad ol Shabt kLB She 4BY is close
for detectigngvdiiait RetdsOaiRRER] &f b e AR ﬂoﬁlh@eﬂmaﬂ$ JTERY STAtisS4 PRrameter
810, one or two of 15 BUT and PT of the operation information of the

APU ar e obteliceint: thphevargl eeformaance miathgi AGUp avbidy instidss ithe perfarmange gff the

t he. APU ne

At ?gt ep 828Eillt ﬁ E%ﬁggﬁq 88@%@9@2%%?%&%;; [El?]es?iﬁel rg*gg g]ieec??n\l/érg&%Z%ht and
limts. | nppadriungiudi.al, onk hemﬁfé’ésofeamdheromgaabéwrmm) The cluGaiRgetiomance and
the PT is conpared with the PTReq which is 20 the Iowegﬁlgleed air

pressure reRiEngdrena é’ﬁﬂ"teﬁ%mé &R h‘éreg]teﬁﬁef[ ghropglpmenitoring the ppatpmetegs EGT,
det er m nedy d@aéTﬁ%d?‘fgotg 1oL gékgeg) Leﬁﬁkﬁhit%ﬁé gfe ?Jralrl’l@éi’s 91@5’ dofitributes to

close to its’limt Ing t ne e I ment he present
appl i cat i odeternting thedaifvee sourees anldal’tndtlﬁdadqndmﬂmasrance of the APUis in

decl i pod if d. PT det t
ond® erbolOHER: O SRS 2Dy BLEHHoUpH VAEPEHnS ¢ TE ety T GRopHa Phend PT
25per f or megGQ 9§1 fRamBUId 1§ deferfRel e c@ﬁ&p@fi’dlh pgh@hféte@fdeéﬂgra@él%fﬁ one or

deteriorate. %6 According to one enbod |rren% of the present
appl i cat i omorea@? RG@T, tIﬁié/ BUgie, SlTheanddihellang¢ sigaigicamly. f ol | owi ng:

EGTTol er E r ) l. eran

moroin odPobEE BoF T MEECT, fid B BaT e AR D Eiinah el B S S fggent can
EGTRedune. reﬁla@@@hé ﬂﬁe@tﬁﬂiﬁe@ﬁuréd/ HEMaal Rhe Alhbwathepihtveive étheeBllltude and
fromoverheating, it neans that the APU cannot obtain nore power by

i néf easi ngtemIPéIa“tfPISO§%Hmt?almfeﬂ¢@u‘@6msﬂt§$ syst em begi nning to worKk.
i oh o986t oRadly gtiBE e phs SRR ADcE ST Y R ARY Berioras, This
APU is in theactestit nd ;ﬁtﬁfdrmdndmﬁﬁraﬁlh&rﬁ@' flad aPahean ibs reflesal be the following
formula:
X=p0+pu, ()
30 wherein, X is any one of the EGT, STA, PT and IGV angle, t; is the installation time,

(0 1 B1 are fitting parameters. 81 is the slope reflecting the changing trend of parameters.

[00065] According to one embodiment of the present application, a plurality of values of

one parameter of EGT, STA, PT and IGV obtained in a certain period are fitted so as to
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[00077] PT is an inportant paraneter when the APU is in the decline
period. [00078] According to one enbodi nent of the present
application, as to the PT, the formula is as the foll ow ng:

PTTol er anc P e i 5

B R e e R S
pressure reEGTESTATENaid e & Biginges ﬁgﬂfﬁ:&tly'ﬁlﬁﬂlefﬁ@@lﬁnﬂﬁi&nﬂthﬁei‘@ce between G1
PTTol erance reflects operation status_of the APU in_the decl|ne

period. W tﬂnﬂ@ﬁ@@ﬂﬁ% elepe-sThe igtsencs stppetingalapeied policmegiats epihg ddd) having
[ 00079] Ex eﬁa—nohtc)ohéiu 18“12%%3 %agﬁ%&ggqa%nﬁqlﬁfﬁ 11%&&155’&? o-frﬁl-g spme APU

( Ext er nal errp rature obt al ne rom-t
nmessages t et alésEhn.be thbdatd 8f otlH&iC@PUrof &e&ﬁmemm driorlgng oellhe searc h

t he | owest eed air PTRe re ui.red n the en ne of
ai rcraf t[OQQgéﬂl - BGe0rding tp Silp smpogiment o ngﬁ’ IESgheRRlITakh, @ ‘Fﬂien%? s installed

| ong term 528%%& n tghlﬁla ARG
of APS3200 A ?rgag§ghe%§f fcsalh&%gk%bt I ne%{ygtiféf%ﬁghe&g%%%g&%\sgﬁgtl on raged

fornmul a t hatd BET ﬂéspentlanemt;al Bluof eviery plegmeter isrobidinerhas their sespedss refsrence
150 is 9.4 /64,2 bout ;! 4% PTTo grance— 0.07, the degree in
which it i @eolhe %180‘6“0 “‘0‘061? é’a’?m‘%‘efés gb¥at> 2. 296 On that
evqglence[o()b@j h Vﬁnétf&aﬁs &3l baRBtaihkdd8icRinh Eégﬁlg%%%ét\b@erﬂﬂb’ siibselglertt PArameters

decl i ne perlod and shoul d be repl aced. 80] The nethod shown in
figs. 6-8 mulnthbeefwede gilpel These variations gomform te dnufoamnulay(8H thsttslapes also can

perfor mance e APU. 2 i I

t echnol ogy, ﬂfeﬁt &WE?}%‘EIH& g%rffp ggd:lairaﬁn%% &dn{)\o@d%\%eq?ﬂ}:eg%&b '[l §| this EGT boqlment
the APU, LédnlpariagAhe Tsiipe 61T tiRndaridion agtobe 6f BAT 1AV PT anealGV Irﬂ&tlve to its
and thus performdetection of the erfor mance qf the APU throug

pr ocessi ngeQifreREding wiEERIes aloV idb ther AN m@eﬁﬁﬁnqeﬁ@nﬁ%%étrlﬁﬁlﬁ@anwd that
th APU i s d

The AP SoiOfutiRGe RGREECH STAY E PRIy SHARAL bighRallR) RE ERARG Gameter
APU SO as daerirates] iffhkreyis aigdifganidifferegcofettvben tmiorstembt . Meanwhi | e,

targeted | nt enance, and oper on co can he erfor t
eval uat i qu &) ﬁéc%&ﬂg&? Hﬁ%ﬁ‘@g m‘Fﬂ‘éOfg‘g’UJreWﬂt éPPqW{) n, SRV ‘F‘?S(,QEHPF gﬂrametef
reduce mai c’li:[f EORNEGEA CPP land [I@‘}Oiﬁztlwo-r&ﬁs&taﬂvg?@ﬁm%f rfﬁ’é‘%a?n@fengfh?aﬁg compared as

i nventi on have been disclosed for 1llustrative purposes an _
i nventi on indepentlentcatmpldsi niitisdietapmiried thatr sai ahapatametes changeetskgydfécantly and
30 Tho in.the, ar ppreci ate that various

SOt oot deidorias e fove campi il s e A BEEEE o ' Ther eror o

the invemooesy i sort R:dﬁéli'i ﬁnﬂﬁénc%@'ﬂhbﬁﬁﬁbt@Qﬁrfoﬂﬂmkﬁﬂi&e@ﬂ% to the values of
alternatives falli hin the scope of the S{’;e”ded clains. CLAI M

1. A net hoplarﬁlnﬁtetiie@ meawgecb@%r%cm @nd AR VAR Scoebinp ite nagmbodiment of the

obt ai ni ng exha a re.E
a1 T st ar DG v Ao BOBET btbSip ces SRR 62 3 S Bhab BBRTHALUN Baopting
Sconpar i ngmiRipRast invedtl @vetlighf lGNC endag! e narkaint asl nulligoifid i€ more than 3.
EGT-LCIT), STA,. TSR
25 According to one embodiment of the present application, the values of parameters are
performed smooth processing according to the following formula:

X =ClX, _+C2X, (9

new stooth
wherein, X4 is the value before smooth processing, i.e., the measured value, Xy 15
the value after smooth processing, Xgnoom is the smooth value which can be the value of an
30 adjacent point (such as the previous point) being smooth-processed and also can be the average
value of points around the current point (not the current point), Cl and C2 are the weight values

and Cl1 is greater than C2, for example, C1=0.8, C2=0.2.
[00070] At step 730, it is determined whether the performance of the APU deteriorates

through considering whether one or more of EGT, STA, PT and IGV change significantly.
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and PT with their respective threshold val ues; assi gni ng
respectively weights to conparison results between EGI-LCI T, STA, TSR
and PT and their respective threshold val ues; and

det er m nj he ,perf,or mance of AP ase ht e

conpari s[ltg)ﬁ%gsu Corglelg eoﬁleleﬁnkﬁ&?n?_%lol#tg%?ﬁ? © 9( tscfg eﬁmmed that the
r espect i v drivreiahed of ti@hBeSdeteriorateandAh8BPdE 1ﬂ€1ﬁaQi’edluﬁEgpdr@de aiyonk of EGT,
wher ei n, e threshold value of EGI-LCIT is an EGTI redline val ue

EGTBeal i neSM FhangnHgy dewgoratespAeepsdingde %@hﬁgeﬂﬁbf’dépaﬁmf the pipepkapplication,
t he t hreshgl. A j

STAVAM ngLI? n%d%%&?{haﬁﬁe ge&gﬁnﬂ}%h 83 E%Eg;gg@ éfé?e%othg&c tﬂg fPU th in the decline
t hest hr eshpdribdié BTA deferibfalts. Aceordimigrie apetheli en@ddnmmtfﬁm mfﬁﬁmeaﬂiﬂ]ﬁatlon it is
reliabi Iitg%of ti me-on-w ngqof the APU is 70%

accor di ng #&e@tiagdihat %E‘Ff rangesRf’ the @chﬂewrateéangaﬂg%ﬁdﬁ 1%1@% G%ﬂ decline
data thro b
claim1, Kﬁa}ogfigﬁ e rgsT hgT‘ﬁo%a“u% I%?[ c%eﬁeel Olgaltg}%&%gdl F&n{ijﬁﬂgg &%Odlment

25ai r pr essiithe pfbimtappﬁcatibe iABLﬂemermnsedathhtdhepErfmﬁaectenf thblAd¥d detieriorates and

anount PTBas . th PU dur.i. 0 7. A net hod
ecordi ng. B8 AltGisth e dairpaionhloBest SRPEd eiconpr | si ng:

calgul atfopg7xjat iR 1rféiho‘é' JhB%%%’g% @%h&@eéhnﬁgruée@s-lfnul%émusﬂs{% mBire %ﬁrately
their respective 30t hreshold values. . nmet hod according t

claim1, \/\Mecelthepenffm@nmegﬁtthmPUhe TSR is gr eat est and the wei ght of
the PT i S t hod accordi t,0 cl ai wherein

i ven RIDOREICREie, fds woR;euaiedliRfing 8 R e upSorR M BurrHAFAFEL B ghe aPU
TSR, PT, RicBrding R2HRthds o@aﬂb&ﬁn@ﬁﬂo%%ﬁ@nﬂ\@ﬁﬂﬁaﬁ&ﬁ A¥Pows, @ the method
APS3200 APU. 510 A met hod accordi ng1 to claim9, wherein, given R

R2, R3 andS¥4fosdeteptingsbe ppifermearepf SedkPY frethecmbodiment. gt atepBER, orppor two of

G'I'&Ig‘13 1-9 A];\@Tzanﬁ'loof)’ %eagg x%iorp %q‘%nﬁﬂg@c 8}r- iﬁengﬁ#{) a(?: }'Btr%nled. V%héer Ié‘]ie‘%'l,Od for

t he step ofbtai@irgy pérftirmgneo inivinsdtiog : oflhd ed PUnnontivgict dbope chmo beeapptedfin this
t he APU based on the followwng formula: PDI = REGT - LOT + R STA
+R3 TSRpTembodiment.

[00074] At step 820, the EGT and PT are compared with their respective limits. In particular,

the EGT may be compared with the EGTRedLinc, the PT is compared with the PTgreq which is
20 the lowest bleed air pressure required when the engine starts.

[00075] At step 830, it is determined that any one of EGT and PT deteriorates if that one is
close to its limit. According to one embodiment of the present application, it 1s determined
that the performance of the APU is in decline period if any one of EGT and PT deteriorates.
According to one embodiment of the present application, it is determined that the

25 performance of the APU is in decline period if both of EGT and PT deteriorate.

[00076] According to one embodiment of the present application, as to the EGT, the formula

is as the following:

EGT,

Tolerance

= EGTRedLr‘ne - EGT, (10)

wherein, EGTrolerance 1S the margin of the EGT, i.e., the difference between the EGT

30 and the EGTReaLine. Since the control system of the APU can prevent the EGT from overheating,
it means that the APU cannot obtain more power by increasing fuel oil supply when the control
system beginning to work. The power of the APU gradually decreases as service time passes,
which means the APU is in the decline period. Therefore, it means the APU is in the decline

period when the EGTrjerance 18 close to 0.
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EGTReaneSTAwanangLi neTSR, ., PT wherein, PD is a performance
detection index reflecting the performance of the APU, R, R2, R3 and
R4 are respective weights of EGI-LCIT, STA, TSR and PT, and PTm n nmay

be repl afb%ﬁ?"ay B%qgér?hﬁ%rta{]nlggarameterd\an the APV fﬁ% E}%gdggﬁlgé)@oag to

claim 11} Turther conprisi ermning t nce of the
APU i s wglob78theActdréinigb ohe embsdinichast the hdseit applechtioar avtacie MBItheformula is
determ ning the f)er_formance of the APU is nornal when the PD is

greater th&hefRIOWIREt 20 predet ermined value but |ess than a second

pr edet er mi ned val ue; det?; I Ni ngp he_P rforrrgp1 e of the APUis in

a decline period when the PDI “f*¢™reat®r th%h the second

pr eglet erm ned V%Hé?éi%gfmﬁvmggﬁcetigge%ﬁég#% Hgthteqﬁl“ Rer ftf?é Hﬁf?—:ﬁﬁ.cr gettwré%n ’%l%JPT and

is in a failure péeri reatér than a thi
pr edet ethe loedstVidéadeair pbessure redudred Avinaat the @ngitie GraisnThe enaghmuda d2the PTrolernce

wherein, the first predetermned value is 0,7, the second,
pr edet efsflerE@reahoR saws of g %%ﬁ 1} Hhe Lijeﬁll?‘?jpeﬁ?oé‘dé"%@rﬁ%ﬁwwé"l eseitg O, the APU

0.95.  ghould be repihfed. A Method according to claim1, wherein, the step
of determ ning gorrprl sing: 30determ ning the perfornmance of the APU
based on[00O79]owErgmplerinit &: cabGE, @l BIddSRPTatDf EGTRTATHERRmdRFenipérature),

EGTRedt meS . - ' wWh in, PDl i f '
ECTEo STO AL oy B et S ey B RSSO S0 327
respect i veAngir@inkSo Mhe secEe loWedt bisdPair -PSEqurg il wkéal @RrenimetdT@he A319

EGI under standard condition, PTcor is the air pressure under
st andard cardiftiodnAirbusdstetsriio 3¢ardt ban bepitdwaell bycordihade Upes t@Ns experimental

et o 20 el ) Bl R T 00 P38 o A B L
pr edet er m fegh tHahb®ic evaluation formula that EGTgiemnce= -9.49, the degree in which it is close to
15 0 is 9.49/645, i.e., about 1.4%; PTroerance= 0.07, the degree in which it is close to 0 is
0.07/3.2, i.e., about 2.2%. On that evidence, both of the EGT and PT deteriorate and the
APU is in the decline period and should be replaced.
[00080] The method shown in figs. 6-8 can be used simultaneously to more accurately detect
the performance of the APU.

20 [00081] Compared with conventional technology, the method discussed in the embodiment
can obtain EGT of the APU, LCIT, STA, TSR, PT and the angle of the IGV in real time, and
thus perform detection of the performance of the APU through processing these parameters
and determine whether the performance of the APU is in the decline period, which can
support the maintenance of the APU for engineers and thus ensure normal operation of the

25 APU so as to avoid delay and grounding of the aircraft. Meanwhile, targeted maintenance
and operation control can be performed through evaluation of the performance of the APU,
which will significantly reduce maintenance cost.

[00082] The above embodiments of the invention have been disclosed for illustrative
purposes and the invention is not to be limited to the particular forms or methods disclosed.

30 Those skilled in the art will appreciate that various modifications, additions and substitutions
are possible. Therefore, the invention is to cover all modifications, equivalents and

alternatives falling within the scope of the appended claims.
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determ ning the performance of the APU is normal when the PDl is
greater than the first predeterm ned value but |ess than a second
predeterm ned val ue; 10determ ning the performance of the APUis in a
decline period when the PDI is greater than the second predeterm ned
val ue; and determ ning the perforreEmgpMef the APUis in a failure
peri od when the PDI is greater than a third predeterm ned val ue.

1516. A nelt Boacthed fndieisgtingperfamenasof apreldi gemprsmg i r st

pr edet er m val i e d - 1l i$T0 .
Phe thi ra DR iads? o ol uROEGET AR SERLE L CHABIME LTy sBntilime
cl ai m B4A, whieiceitime TIRe altllsleed pressuad BTyl at ed according to a fol |l owi ng
formul a: 20P7' cor =+ APT wherein, A PT_is a function related to a

t ender at ur®MParing regrectivelyt a daltyprcediptueaoEEd candobCra ittor E9Rd-GI4), STA, TSR
cal cul g g %ﬁﬁ?ﬂq%?&p&&ix@tﬂﬁkﬂo@%ﬁgetor mul a: AL Tx0. 3048 1000 R(TA
%? g:e g wher ei n, ALT |

T+273. is an altitude or standard
al titude, &5éigning respeativieienwtighsipeomparisnaesulistbatweeh BERDETRISTA, TSR asl PT

an air quality and is 29, g=10ms2, and R is an adjustment parameter.
18. A ﬁ’é‘?ﬁt‘?&f elgsimeil S}E‘?}dg’PéF?nai} wherein, the EGTcor is cal cul ated

according &e@brﬁlir{iﬁ%hﬁviﬁ-e?fbnﬁ%d@af%c EO bas&i gr%e"’wégggd tomharkibn Fesults between
p2(PTcor - PTRe 30wherein, A EGI Is a function related to a

t enper FQI-BCIPTREg TEB aad|Fdwesittheii mepective thyesdhoslivalugsequi red when an
engi ne starts, and pl and p2 are correction coefficients. 19

2. A method according to claim 1, wherein, the threshold value of EGT-LCIT is an EGT
redline value EGTreqine of the APU.

15 3. A method according to claim 1, wherein, the threshold value of STA is a performance

decline value STAwamingLine 0f STA.

4, A method according to claim 1, wherein, the threshold value of TSR is a corresponding
time TSRy where the reliability of time-on-wing of the APU is 70%.
20
5. A method according to claim 1, wherein, TSRy, is calculated based on actual data through

Poisson distribution.

6. A method according to claim 1, wherein, the threshold value of the PT is a minimum bleed
25  air pressure PTy, of the APU or is a lowest inherent bleed air amount PTgyserine 0f the APU

during normal operation.
7. A method according to claim 1, wherein, the step of comparing comprising:
calculating ratios or differences between EGT-LCIT, STA, TSR, PT and their respective

30  threshold values.

8. A method according to claim 1, wherein, the weight of the TSR is greatest and the weight
of the PT is lowest.
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19. A nethod according to claim1, wherein, the step of obtaining
conprising: obtaining the EGI, LG T ,STA , TSR and PT from an APU
nmessage. 520. A nethod according to claim 19, wherein, the APU

nmessage i ng¢l,ude n Al3. nmessage ,of . Al rbus or e of . .
Booi ng. 35 N REGRHGEPrIBEG SIEHD o SHEICH B R F (v e TR e drRgetive weihts
gener ab¥ jee EQE-IARY, BEASAYR, PTCRUE) NIR bH®3 PRI=0.3Chidd RIFA 15 TdRr@té KU is an
of operation 10 information of the APU. 22. A method accor di ng to

cl ai m PFS3E0P ABE: conprising: transmitting the APU nessage to a
server utilizing ACARS or ATN. 1523. A nethod for detecting
performance of an APU, conpri sing: obt ai ning an operation paraneter

of APU sel lephaﬂethé@ﬁ&o@rcﬁﬂ$)tﬁ3f:l@iﬂﬂ$,i wlidréig, gl R DB IR Pas] Renfeeedpettive weights
POT, startina ti me STA E eed air pressure PT and an angle of | GV of

APU.  déf &1k GTrid- ST AeT SR B TpR 1 a0rt R2=CRaREed3 % pah RAFEdAtWpre figgAPU is an

det er mp I f ormance of the APU based on whet her the paraneter
changes chgi%%‘?gghtly. 24. A method according to claim 23,
wherein, the operation paraneters includes the POI, STA, PT and the
angle of the 116GV, 2525. A nethod accordinpng to ¢laim23, further

conpri si ngtl- 651@%?1%2 HORding @kt |y vErerQiRy dieseppt {HeMHRNE CEMBRSING: 5

penyod; fidetd-AghihdtheRleHoh theV2bY 8sedlon!thE FAIRMATERShula® Obtain a
sl ope; and]te co gﬁ’!eng téﬁe SO?OSe vmyt Saorne?erence sfoopg to
det erm ne wh?t herEGHie IStiGpe _chang®Bs si gpj flisgant | y?T,30 26. A net hod

accor di ng t8/ & iWr"tﬁ%W—nprjsﬁﬁﬁ}E“+R&b‘t_hni ng initial
val ue of the parametdfr®dfter instiarsdiation o}F"‘ the APU as respective
;e{og: iegg;e Wi 46; POPE P RPma3nd d¥tétibh Ynddk UALHAS 10 pdrREMRALASRAEAPY) RI,
R2, R3 and R4 are respective weights of EGT-LCIT, STA, TSR and PT, and PTyui, may be
replaced by PTgaseLine-
15
12. A method according to claim 11, further comprising:
determining the performance of the APU is well when the PDI is less than a first
predetermined value;
determining the performance of the APU is normal when the PDI is greater than the first
20  predetermined value but less than a second predetermined value;
determining the performance of the APU is in a decline period when the PDI is greater than
the second predetermined value; and
determining the performance of the APU is in a failure period when the PDI is greater than a
third predetermined value.
25

13. A method according to claim 12, wherein, the first predetermined value is 0.7, the second

predetermined value is 0.85 and the third predetermined value is 0.95.

14. A method according to claim 1, wherein, the step of determining comprising:
30 determining the performance of the APU based on following formula:

EGT PT,,
PDI=RI—L2ewr gy STA | o3 ISR | gy Pl
EGT, ..  STA TSR

WarningLine re cor

wherein, PDI is a performance detection index reflecting the performance of the APU, RI,
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calculating a plurality of variations between the plurality of val ues

of the paranmeter and the respective reference value; fitting the
plurality of variations of the paraneter to obtain a slope; and

conpar i h ' : e ) i .

ol ope CARIABARERE Wbidif SRR OFB B RPECE SPACTOR AR Eeg i e BT
23, futhberstadagd ¢aiditipn, 80t plsrthe@lead pirtpredsiteyundtr stahdsed codditidrg and PTy, can

paraneter in a_period as a sanple; obtaining a plurality of
val ues bferl#red byPadmetier i n a pervious period of equal length as 10
anot her sanpl e; and conparing the two sanpl es as i ndependent

sanpl es to determ ne whether significant change occurs. 28. A nethod
accor di ng t5oAchethod 2&ording toheainc bdyiudtisdr egmpii&iopt ai ning a plurality of

val ues of fhe paranmpter jn a period, erform ng mul tipoint spooth
processi n em%ggtﬁar%ﬂrf agge 9@@%5‘8@ hge@a‘w Hotlr PDIGE Jesselfipbd frs
accor didfelePmfledivihg3. further conprising: obtaining a plurality of

val ues of the parameter in a period; and 20perform ng snooth

pr ocessi ngletmmiieg pheipeaformancd of tleusBUak nohwalpahemttedtDhscgreatenthanghe first
the follow ng.formul a: = C X51, 0011, + C2Xoi ] Wherein, Xoid is
 val e SElD il AT b R (PG ¢ SEOnAgrede e Vi ur od val e, X i s

a Jgl ue afde@mififp BIEORHRERLETIhOAPUEHAAUBlidSpaiodalhs tE PRI is greater than
adj acent val ue after being snoot h- processed, 25or is an average val ue

of sevéreteceny predetermin¢diedlueigaddd and C2 are wei ghts.

determining the performance of the APU is in a failure period when the PDI is greater than a

third predetermined value,

15 16. A method according to claim 15, wherein, the first predetermined value is 0.7, the second

predetermined value is 0.8 and the third predetermined value is 0.85.

17. A method according to claim 14, wherein, the PT,, is calculated according to a following
formula:

20 PT, =%+APT

cor

wherein, APT is a function related to a temperature, &is an altitude pressure correction

factor and is calculated according to a following formula:

ALTx0.3048

1000
R(TAT+273.15)

CS‘:e mg

wherein, ALT is an altitude or standard altitude, TAT is an ambient temperature or total

25  temperature, m is an air quality and is 29, g=10m/s*, and R is an adjustment parameter.

18. A method according to claim 17, wherein, the EGT., is calculated according to a

following formula:

cor

EGT,, = EGT + AEGT + p1%7:+ p2APT,, - PTy,,)

30 wherein, AEGT is a function related to a temperature, PTgeq is a lowest bleed air pressure

required when an engine starts, and pl and p2 are correction coefficients.
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30. A nethod according to claim?29, wherein, the d is 0.8 and the C2
Is 0.2. 31. A nethod according to claim 23, further conprising:
30converting respectively the obtained EGIT and PT into EGTeor and
PTcor under a standard condition. 32. A nethod according to
claim 31, wherein, the PTc"r is calculated according to a follow ng

formul a: BTARI&@Bed sccordm@Blclaim 1, whekeh ahéistepoPdbthiging douipelsingn
related to _a tenperature Is an altitude pressure correction factor

8
and is calRIBRNEMeRE S i HgSTA ,ASR and S fran pp AR message- Tx0. 3048 1000
R(TAT+273. 15) 8=eing 5wherein, ALT is an altitude or standard
altitude, TAT is an anbient tenperature or total tenperature, mis an
ai rsqual i t20. andethodiatcotding & clginmil O9yvaRreiatle RAS messageljnehtdoeai A13 message of

par anet er . A nmet hod according to claim 32, wherein, the

) 33.
EGTcor AU af aufhanessiedetifisy'&% o a following fornul a: 10EG or = EGT
+ AEGT + pl -PT + p2(PTc," - PTReq) 8

21. A method according to claim 19, further comprising:
generating the APU message including the EGT, LCIT ,STA ,TSR and PT of operation
10  information of the APU.

22. A method according to claim 19, further comprising:
transmitting the APU message to a server utilizing ACARS or ATN.

15 23. A method for detecting performance of an APU, comprising:
obtaining an operation parameter of APU selected from a group consisting of exhaust gas
temperature EGT, starting time STA, bleed air pressure PT and an angle of IGV of APU;
determining whether the parameter changes significantly; and
determining the performance of the APU based on whether the parameter changes

20  significantly.

24. A method according to claim 23, wherein, the operation parameters includes the EGT,

STA, PT and the angle of the IGV.

25 25. A method according to claim 23, further comprising:
obtaining a plurality of values of the parameter in a period;
fitting the plurality of values of the parameter to obtain a slope; and
comparing the slope with a reference slope to determine whether the slope changes
significantly.
30
26. A method according to claim 23, further comprising:
obtaining initial value of the parameter after installation of the APU as respective reference
value;

obtaining a plurality of values of the parameter in a period;

20



wherein, A EGI is a function related to a tenperature, PTReg is a
| owest bl eed air pressure required when an engine starts, and pl and
p2 are correction coefficients. 34. A nmethod according to

PR T 0 e R A R
23, wh%Sggaiveiréfef&c@leﬂ@é;m ned that the performance of APUis in the

decline period if any one of EGI, STA PT and |GV changes
si gni fi carfitfipg theedwalitx ofperigipng ot ediarnater telohtain 28opgitigfein, it is

det er m ned. t hat. perfornmance of APU. S i.n l.J epl.od I
any o orcbfink e PR WIR reliraler siope B AETRE Wilinel St Dllppe, changes
f or s dekigaificagtiyer f or mance of an APU, conpri sing: obt ai ni ng

an operation paraneter of APU selected froma group consisting of
exhaust gas 25 tenperature EGI and bl eed air pressure PT of APU;

det erm ni . ' :Q.1.ts extrene val ue; and

det erm ni %’%&Elg&%gar?ég?%& g%ﬁﬁ%'ﬁ%ﬁ%k%%@g%ﬁ% ' whet her the paraneter

i s cl ose tobtditing medyrelityiof akxt ofde pwaineeer 180 B&iodtasedahpde;according to
claim 37, wherein, the extrenme value of the EGI is EGI's, red|line

val ue EGTRNHENEH pEAKPO! values (ggt.ﬂema@éle%dma&dﬂ&FVd?wgp?rB)chéF%aéi?ngth as
wheg el Bpothdss %&gg@ value of the PT is the |owest bleed air pressure
PTRN r equi reg én an engine starts. 540. A nethod according to claim
37, wher eicompasng thetthe fampldshe ifdepbmienhspnimesntol detdrsireduldteet:significant change
PTTol vance = PTcor PTReq wherein, PTibierance is a margin of the

PT, i.8%"% difference between the PT and the lowest bleed air

pressure required when an engine starts; when PTToierance is close to

0, the performance of the APUis in a decline period; 10wherein, the

PTcor is & dunethediacgonhmgitorglaimal, hastlfeo comphising'f or nul a: PTcor PT

= ‘?Z -t AP-IEJbtaining a plurality of values of the parameter in a period; and

performing multipoint smooth processing on the plurality of values of the parameter.

29. A method according to claim 23, further comprising:
obtaining a plurality of values of the parameter in a period; and
20 performing smooth processing on the plurality of values of the parameter according to the
following formula:

X, ., =ClX

new smooth

+C2X,,

Wherein, X4 is a value before the smooth processing, i.e., a measured value, Xy is a value
after the smooth processing, Xsmoom is @ value of an adjacent value after being smooth-processed,

25  oris an average value of several adjacent value, and C1 and C2 are weights.

30. A method according to claim 29, wherein, the C1 is 0.8 and the C2 is 0.2.

31. A method according to claim 23, further comprising:
30 converting respectively the obtained EGT and PT into EGT, and PTe, under a standard

condition.

32. A method according to claim 31, wherein, the PT,,, is calculated according to a following

formula:
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wherein, A PT is a function related to a tenperature, S is an
altitude pressure correction coefficient and is cal cul ated according
to a follow ng formula: AL Tx0.3048 1000 R(TAT+273.15) S=e ny
15wherein, ALT Eﬁian altitude or standard altitude, TAT is an anbient
t enper at ur pTOr= fhprenperature, mis an air quality and equal to
29, g=10m's2, and R is an adjust paraneter. 41. A net hod

accordi ng to clai 0 er.ein s.to the E the fol tng formula ..
e adopt 6" STRLAhe! e Rl e 1Bty O it el A Ebrh Shoudboton
i s a ndgerhndfis teuied acdording ta flloheiehegubet ween the EGT and the
EGTRedune; when the EGIToierance is close to 0, the performance of

the APU is in afd@ ne period; wherein, the EGT. is cal cul ated
according to t AIO +spwi ng formul a: EGIcor = EGI + AEGT + pl -PT +

p2( PTco, - PTR ) ={5. 25wherein, A EGI is a function related to a
tenperatur®,=PTReq i s the lowest bleed air required when an engine
stasts, PlyRAGNPALA & &PLKGke ANstaRBE] ARG TAT is A2 ambicHPidMftrature or total
according to claim40, wherein, the step of (%bt ai ni ng conpri si ng:

obt ai nitengperiiorep ay wme grakityomd @quaAP 2 fegsd Agds”, and R is an adjustment parameter.

33. A method according to claim 32, wherein, the EGT.,, is calculated according to a

following formula:

10 EGT,, = EGT+AEGT + p1%+ p2(PT,, —PTy,,)

cor

wherein, AEGT is a function related to a temperature, PTreq is a lowest bleed air pressure

required when an engine starts, and p1 and p2 are correction coefficients.

34, A method according to claim 23, wherein, the step of obtaining comprising:

15 obtaining the parameters from an APU message.

35. A method according to claim 23, wherein, it is determined that the performance of APU

is in the decline period if any one of EGT, STA, PT and IGV changes significantly.

20 36. A method according to claim 23, wherein, it is determined that the performance of APU

is in the decline period if any two of EGT, STA, PT and IGV change significantly.

37. Amethod for detecting performance of an APU, comprising:

obtaining an operation parameter of APU selected from a group consisting of exhaust gas
25  temperature EGT and bleed air pressure PT of APU;

determining whether the parameter is close to its extreme value; and

determining the performance of the APU based on whether the parameter is close to its

respective extreme value.

30 38. A method according to claim 37, wherein, the extreme value of the EGT is EGT’s redline
value EGTRredline Of the APU.
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39. A method according to claim 37, wherein, the extreme value of the PT is the lowest bleed

air pressure PTgreq required when an engine starts,

40. A method according to claim 37, wherein, as to the PT, the following formula is adopted:

PT, PT - PT,

Tolerance — * + cor Reg

wherein, PTrglerance 1S @ margin of the PT, i.e., a difference between the PT and the lowest
bleed air pressure required when an engine starts; when PTyyjerance 1S close to 0, the performance of
the APU is in a decline period;

wherein, the PT,,, is calculated according to the following formula:

PT,, =£§Z+APT

wherein, APT is a function related to a temperature, J is an altitude pressure correction

coefficient and is calculated according to a following formula:

ALT%0.3048

1000
R(TAT+273.15)

5 —e mg
wherein, ALT is an altitude or standard altitude, TAT is an ambient temperature or total

temperature, m is an air quality and equal to 29, g=10m/s”, and R is an adjust parameter.

41. A method according to claim 40, wherein, as to the EGT, the following formula is
adopted:
EGT,

Tolerance

= EGTRe dline EGT

wherein, EGTroerance 1 @ margin of the EGT, i.e., a difference between the EGT and the
EGTRedLine; When the EGTroferance 18 close to 0, the performance of the APU is in a decline period;

wherein, the EGT. s calculated according to the following formula:

cor

EGT,, = EGT+AEGT + pl%+ p2APT,, —Ply,,)

wherein, AEGT is a function related to a temperature, PTgeq is the lowest bleed air required

when an engine starts, pl and p2 are correction coefficient.

42. A method according to claim 40, wherein, the step of obtaining comprising:

obtaining the parameters from an APU message.
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