1 SYSTEM FOR RECOMMENDING HELICOPTER ENGINE MAINTENANCE FIELD OF THE
INVENTION 5The invention relates to helicopter engings, and more specifically to the maintenance
thereof. STATE OF THE ART 10A helicopter engine is a so-called “critical" system, with a very high
variability of its components, parts, and functional assemblies of parts. First, like any mechanical system,
each of the partssastesf the hinciionakhasse Ahliedofgparts; IQE Vnodtdiesds submitted to wearing, to
fouling, to the aging of lubricants, etc. or 15 more generally submitted to a modification of their
characteristics WHCD n?)ia:Kl'eHSEtlrlllerENglj'{gt from their desired behavior. In the case of a helicopter engine,
technical constraints 10 ensure the saf\éty of flights are such that both the number of maintenance
operations and the maintenance frequency are high, and especially much higher than the number of
maintenance opéitations i tredateraotdabemefrequiaesyaof anplaspeetignbsdahexeamiea®@ Then, for a
same engine defipétigyt, the working conditions are much more variable than for an airplane engine. While
an airliner engine typically performs a line flight with 90% of its flight time in cruise mode with stable and
constant parameters, a same class of helicopter engines may be used to perform missions with a great
variety of stress: Y6ALF 95 Eﬂﬁﬁi'?‘ﬂj missions successively and repeatedly requiring a high power and
carried out close to the ground, and thus to the dust and other aerosols, passenger transport missions
with a significant&rwstieopteasmgina bighaltilete ' sdticab'seyseemisgitng with sighifiedatilimes @b exposure to
saline fog, combag myssiaRS pithAdras il XsvaraRiedraiits. .- 30Then, helicopter engine constructors
carry out constant research on such systems to improve their performance. Thus, the constructor of a
helicopter engine may prescribe up to hundreds of modifications for an engine, especially modifications of
the characteristicd"8F ﬂ)‘gﬁté”ﬁé?eé%’ﬂffﬁfeiyﬂﬁ%”h&ﬁ?ﬂé?fdf“b@é‘érﬁﬂ‘i’o?fsﬂﬂé fHoeiRnat assemRites 8 ARRIEL"
helicopter engingsriss, movinpaides’, tissnBO0gdvioivrezimountiotdieg niortiseroofgleé dubticzlly, 86 possible
configurationss greatergéiandpereien endineifikisdriagsielinglagtiamRduwessibikeotiigurations,
only given ones, i, sk iee ahimMBNGRtnR aRdir exlsian Biiesamadiicatigngre allowed

to navigate. Indeed, an e |nef|s a 'ﬁ -ogtlmlz%d hsg/sgerr?,h ue ObItS sign constraints, substantially
more than an airfﬂaeﬁ'é“ret e safety of flights are such that both the number of maintenance operations
and the maintenance frequency are high, and especially much higher than the number of

maintenance operations and the maintenance frequency of airplane engines, for example.

20
Then, for a same engine definition, the working conditions are much more variable than
for an airplane engine. While an airliner engine typically performs a line flight with 90%
of its flight time in cruise mode with stable and constant parameters, a same class of heli-
copter engines may be used to perform missions with a great variety of stress: load

25  slinging missions successively and repeatedly requiring a high power and carried out
close to the ground, and thus to the dust and other aerosols, passenger transport missions
with a significant cruise phase at a high altitude, sea rescue missions with significant
times of exposure to saline fog, combat missions, with a most highly variable profile...

30  Then, helicopter engine constructors carry out constant research on such systems to
improve their performance. Thus, the constructor of a helicopter engine may prescribe up
to hundreds of modifications for an engine, especially modifications of the characteristics
of parts. For example, the number of prescriptions to modify Turbomeca’s "ARRIEL"
helicopter engines is now greater than 300, which amounts to a number of theoretically

35 possible configurations greater than 2°% for an engine of this class, although, among
possible configurations, only given ones, define by strict rules of implication and/or
exclusion between modifications, are allowed to navigate. Indeed, an engine is a highly-
optimized system, due to its design constraints, substantially more than an airplane



2 engine, for example. As an example, an "ARRIEL" engine delivers a 700 horsepower for a 109-kg
weight, which result is obtained by optimizing in the extreme each part and each module with respect to
one another. Thereby, even though the constructor may issue modification prescriptions, this does not
mean that said modifications are necessarily 5 implemented by the user of an engine. It can besides be
observed thaF eaeﬂgiaagimeehaarﬂecmﬁgmeeNhﬁcmBFgmeraibirmm_tiﬁermemmdjamqbolﬂaf_rprdifferent
from the Co_r‘f'gu%ﬁi@hé&f\% t,%ﬂﬂ?ﬁ%éﬂfttf%%%m@d@g%ﬁtimﬁ%_ﬂq hRdicRPiRT-QAH RS ACEHGal system,
with hlghly-lnterdegéaq en&e emerﬁ which 1q ma;ﬁ]a eavery h number of possible conflequratlons,

. module with tespect to One. ano her. 2. ereDy.. & { n rﬁa C nstﬁic L Dy 1SS ,
and submitted to a'number of Maintenance operations which'is also’high, whic wect;}llmpact the engine
performance and"SHEKAIAD tREESRERIRNSs S 9RSS Sitfomatsly e 83 Pradf CRRON D & 4R Bhcommercial
engines, includinigplelmatesingiribs usd of harerginmain@nbesoded pe chiker \cairthat sacnerginsuek & complexity
with all the detaileotgigdntparaiesl islderssine sgentayedraaine brRae AeREeRBhAUR Qrfiglrand 2

maintenance opc§@_f%rf%mgtrlé[§qhgs%mﬁéiggﬂeaépgssynthetic model of the engine working conditions and
rki [

configuration: working conditions parameters are by a limited number (typically from two to three
parameters) and the configuration management is limited to the first stages 20 of the nomenclature by
decreasing the nURIBeY il IeRBERT CAABRISASTHIC Rl st viHHMO Ty igipstireetifers £lefe o igits whatever
tr_\e (_angine m@erqﬁarg uamdit'ver)sr(wlni_mhnctmmmbes_ilﬂﬂemﬁtbmmem_jl dmw thbmjinithedia pamewrs),
significant securify,Hargins sperarplisgHieHRERRINENARGS BIRSAYRNRAS: (o HRile crRiNaRaNCe of a
helicopter engine 5 agiyally yarficapty sub-pimal.anc uther passipiv paniconsiaal e i
essentially depenas o%’t e Skl|‘_f ki he di er_n{ fRAINtEnance perators wor'inB on the engine.
DISCUSSION OF3 B8NS/ EIQMHRHN e HMSnvention aims at providing a maintenance prescription
system which takes 30 into account the complexity of the maintenance already applied, the in-flight
operating conditiang,raddamepacit G paaivecapmitgHEANGNsIR e lesMIN IR BANERE Qparaions for a
helicopter eng'neqe':iﬂ{eg?él%&ufﬂﬁﬁe[mmmgﬁ&“ﬂgi%ﬂ%@é BorKSERA Eé(?e?&”éﬂ&% insRAROse of
helicopter 35 en%lnes e on&n%to the séa e eng(l{gt%c. asséﬁeid ormed. éele ents that vae%| ver time
depending on th@REEMIFCAPEOAY R ANEREAN thee EgHA AR T8 ke WB%@%%B RS gnes, and
the replacement @MHAHGHGH WK CRRATEOROANABHRYS dToMtralifdied atapkesc(BRIEMly Jp¥ational data
relating to: 3 wavking toee joanees)riom ththenhfigionyiod aeageneoita satoniictyteahd fiicn stagesators of
each of theﬁngl%ﬁheﬂ%ﬁﬁﬁam@%%iﬁ@%@%hﬁb@%* megificatinrs RitR:ERINSINd 2.

To ensure the safety of flights whatever the engine operating conditions (which cannot be

reflected in detail by the synthetic parameters), significant security margins are applied to

the maintenance prescriptions. Thus, the maintenance of a helicopter engine is actually

significantly sub-optimal, and further possibly non-constant since it essentially depends

25  on the skill of the different maintenance operators working on the engine.

DISCUSSION OF THE INVENTION

The present invention aims at providing a maintenance prescription system which takes

30 into account the complexity of the maintenance already applied, the in-flight operating
conditions, and the specific engine configuration to determine maintenance operations for
a helicopter engine.

For this purpose, the invention aims at a system for prescribing maintenance of helicopter
35 engines belonging to the same engine class and formed by elements that vary over time

depending on the technical condition thereof, the standard replacement of parts between

engines, and the replacement of parts with different parts, comprising:

= acentralized database storing operational data relating to:



the definition of maintenance plans for the engines according to predetermined 5values of the working
condition indicator(s); the description of the probable causes of unscheduled events according to the
data relating to possible and authorized modifications and the working condition data; maintenance
applied, describing the nature and history of maintenance opera-10tions applied to each of the engines;
and instantiated contiguragititg, destitibingiébeibiatteeahiditing bistosyooftaeecanfigngatominwdifications
applied to each of the engings;3Rf e AeaPHIALGFRLINNg the working condition indicator(s) of each of the
engines and for updatln%gglst? Y\éork'orl}%cc%gét.h% g&%%r(lj?e%enqgé%ot? the &g uired value of the indical5tor(s)

: 0 a ns of e endines :
of each engine; means for identitying a maintenance operation o be app i60%0 Bach of the engines

depending on the op&rafishdd UL MOfHERRIEBAEP I3 1B Cheinet G RY Ao INPISEIS BN for each

identified mdintenance opéretioithe WerkiegfoonidorRdditatmifor the digitally-signed updating of the
applied maintenancelataeanddfigitis Fntiatpebisaydiguiisdions drtr Recrdingie easdidnginéemance

operation applied to eac!?'a fm&iﬂa%gg?t%sm arﬂi‘%@fﬁ%rﬁ?écﬁ@jﬁﬁY&Tﬂﬂs%@ﬂéV\%‘?ﬁir?%acrdﬂojﬁﬂh'eaSt the

digitally-signed update of the data’resulting from the identi applied maintenance operation associated
with the 25alarm is carri@dbut, "Operational working condition data" means objective data describing the
conditions to which tie énjrienanreevarBbieh gessimirathe Mghtoptsh isHIm@UmMaRienereomeration and
based on wiich a decisitonsaghizd to sehvitenthenginginesd As an illustration, a piece of 30working
condition data is the gumiRengbiReuesaidliebal thedeisaptere an.qrerhayl aidheidieNcaptenengine being
for example performed every 3;’89091 hoolériﬁ ofifli[%hat. iégpegglcq]o&%ggtaiﬁ%lsatéﬂg to possible engine
modifications" designate oAt descrigllng aﬁ?ttﬁe nPoDél Ications, or con %urdtlons, which are possible on

engines belongiry Reans fah ceskkjipgstheqworking condition indicator(s) of each of the engines and for
updating the working condition data depending on the acquired value of the indica-

15 tor(s) of each engine;
= means for identifying a maintenance operation to be applied to each of the engines
depending on the operational data in the database;
= means for generating a continuous alarm for each identified maintenance operation to
be performed,;

20 = means for the digitally-signed updating of the applied maintenance data and the
instantiated configuration data according to each maintenance operation applied to
each of the engines; and

= means for deactivating an activated alarm if at least the digitally-signed update of the
data resulting from the identified applied maintenance operation associated with the

25 alarm is carried out.

"Operational working condition data" means objective data describing the conditions to
which the engines have been submitted in flight or on ground during their operation and
based on which a decision is taken to service the engines. As an illustration, a piece of

30  working condition data is the number of hours of flight of the helicopter, an overhaul of
the helicopter engine being for example performed every 3,000 hours of flight.

"Operational data relating to possible engine modifications" designate data describing all
the modifications, or configurations, which are possible on engines belonging to a same
35 class.



"Operational data relating to authorized engine modifications" designate data describing all the authorized
or "navigable” configurations from among the possible gonfigurations of engines belonging to a same
class. 5"Operational maintenance plan definition data" designates data describing all mainte- nances
which are predictably triggered for an engine of a same class, independently from their specific
configurations, baspetaiorihleddel uel aind e womiorigedanditiomodifaitiogs) oédigraenganedestitingerational
data of descriptiqn ¢{dhgREAbAPY GRiBgH RN DRRGGAHIRE ﬁﬁ%&%dﬁ@%&é@ﬁtﬁ@%rﬂﬁ%‘%ﬂg probable

causes, preferab(l)¥ with a sqciated tDrobabilit‘es of unscheduled events occurring on the engines,
) . enwess?e onaing {0 a same ¢ aﬁs’. : . .
especially failures. ainténance operation” here designates an action taken on an engine, of whatever

15nature. Maintenance operations gather actions of engine failure assistance and repair, setting,
overhaul, cobtrol, Qprilatioaakimgintépera tidara ettt icel ating)' tdeangiintesndaieelegoplist)’ hkrealaisignates data
describingdall th?wé]ﬂ@é@_t@ﬁ@ﬁ%@e%@dm ihoRieeacaied enyihe naines cRes iaesatqumaldedamrelating to
Instantiated con Sz : t fle] CONTIGLE engines
following co nfigu{ga%ﬁ#%ﬁ&%?ﬁ@% {gbg’r?)%gb&gﬁ% g ?&%@lfﬂ%&?ﬁiﬁgggﬁ gﬂt:}?ﬂs%e[%%&%ﬁtrugtor.
25First, the systém %{&B?Eﬁng to the invention plots all .the data of all the engines belonging to a same
class, which allows a specific follow-up of each engine. Further, all the data associated with a specific
engine form@n "KbpetetioraEdaginé dssgliaaid’ of thielprobabdanauie bisioghafiaddtbentidieiganies operations

applied to the 30d§fé@ﬂ@§‘orﬁ§1ﬁg‘g96lﬁﬁlﬁe%ﬂQég,%@%%}i%ﬁﬁ' £3tRiAs \WrIhasi1hes SPEGHEHeamEguration

thereof, and replg\%eh tgchr% W”tﬁ%neﬁn |ersleelso%8%) k'fa-lli-me zs;malysis of the flight indicator(s), as well as the
maintenance prescriptions, are A0S pePl"orme a3ed on these data, which contain the history of all the
maintenance operations applied to the engine, the in-flight or ground operating conditions as well as the
history of all confitylaiatéoassentiieraBithoeredatiprates takeadtion deksunntiae eogipiexiydiateeemaintenance

of a helicopter emgine. fuutheratie bigiatiosy tedatairlse enakyps tRimplemsrRhtengeNapanalyses, and
thus to correct aggﬁﬂ{gt%\i}gmggy%o Ei%&lgp(ectﬂa@gdata of definition of the maintenance plan and of

definition of the causés of unscheduled events.

"Operational data relating to maintenance applied" here designates data describing all the
maintenance operations implemented on the engines.

20
"Operational data relating to instantiated configurations” here designates the data
describing the specific configurations of engines following configuration modifications
after, for example, modification prescriptions by the constructor.

25  First, the system according to the invention plots all .the data of all the engines belonging
to a same class, which allows a specific follow-up of each engine.

Further, all the data associated with a specific engine form an "Electronic Engine
Logbook™" which contains the history of all the maintenance operations applied to the

30 engine, the working condition operational data, as well as the specific configuration
thereof, and replaces the handwritten engine logbook. The analysis of the flight indica-
tor(s), as well as the maintenance prescriptions, are thus performed based on these data,
which contain the history of all the maintenance operations applied to the engine, the in-
flight or ground operating conditions as well as the history of all configurations, which

35 thus enables to take into account the complexity of the maintenance of a helicopter
engine. Further, the history of the data also enables to implement tendency analyses, and
thus to correct and/or to improve, particularly, the data of definition of the maintenance
plan and of definition of the causes of unscheduled events.



Then, the system implements an alarm activation/deactivation system. An alarm is acti- vated at least for
each maintenance operation to be immediately perforrged on an engine. The use of alarms aims not only
at warning the maintenance operator that a maintenance 5 operation should be performed on an engine,
but above all at forcing the operator to update the database, which ascertains that the data in the base

are always complete and relevant. More specifically, the system according to the invention plays the role

of paper maintengnce 4QORARKS iMIGHRECSS BRI RDARH RREAAID IS RGR SRR MaHR g system and
thus to update |t.V¥g8 com {qgglon of the technical alarm mana egq)ent ardgff the 10Iergal olbllgatlon of use
ata

of the system thus provu‘fgsé e &t W%g}egﬁ%c&o eéaES%‘Ble?e' '%IISQ/. %rcr%?%ﬁ]rbatoeg%g?iation of the

system, the alarr§188e9baIeERH B HEh B thie &Rt N 18R GrRERI96 A ICHAMEARIFR has been
activated, aslongmsathe sberddgenpinigrisorosetuesgiod, descthoaton |t dpdengnthobtleeatistiohave not
Ee:ﬁn cgrried %Utuﬁdweiﬂ%eﬂ&i@ﬁh@#WﬁHﬁ%@bﬁdmeﬂﬂQﬂtﬁﬁ B&%Sﬁfibi@gmmw&fﬂmﬂ@%tﬂ ﬁngines
elonging to the that | the
technical conditi&@%&@?ﬁééﬁgﬁggﬁj E%E%gm/gﬁ%%gg r?(s) et{/\élzge}ﬁrgﬂi\fgéﬁ | ﬁggﬁgﬁﬂlﬁﬁ%glacemem
of parts with diffemémt%'ﬁﬁ%‘? iﬂﬂ?'cgtgﬁﬁﬁs gﬂi’é@ﬁ'ﬂaﬁ?ﬂ %%e{éi‘tpé?afﬁﬁﬁ(i‘éfrs ! yrﬂﬁ‘?gﬂl?ﬁaﬁ'@n, describing
the history of on@nst iisréowbaaRglcdmaitomphtidanors HEdae satiraBngNeagembivlef Hsdifications
and authorized nisgdificatigan®oiothesengitessRionthieus gliovidss ofertechtichetteqlans fampiengines
according to predetgyxeined values of the working condition indicator(s); the description of the probable
causes of unscheduled events according to the data relating to possible and authorized modifications and

the working condition data; 300 maintenance applied, describing the nature and history of maintenance
opera- tions appMQBj'é‘géﬁ éfw@{@@%m&l?éﬁgem, the alarm also blocks any action on the system

relative to engines for which an alarm has been activated, as long as the corresponding
15  procedures of deactivation by updating of the data have not been carried out.

The invention also aims at a method of prescribing maintenance of helicopter engines

belonging to the same engine class and formed by elements that vary over time

depending on the technical condition thereof, the standard replacement of parts between
20  engines, and the replacement of parts with different parts, comprising:

= storing operational data relating to:

o working condition, describing the history of one or more working condition
indicators of each of the engines,

o possible modifications and authorized modifications of the engines;

25 0 the definition of maintenance plans for the engines according to predetermined
values of the working condition indicator(s);

o0 the description of the probable causes of unscheduled events according to the
data relating to possible and authorized modifications and the working condition
data;

30 0 maintenance applied, describing the nature and history of maintenance opera-
tions applied to each of the engines; and

0 instantiated configurations, describing the nature and the history of the configu-
ration modifications applied to each of the engines; and

= acquiring the working condition indicator(s) of each of the engines and updating the
35 working condition data depending on the acquired value of the indicator(s) of each
engine;
= jdentifying a maintenance operation to be applied to each of the engines depending on
the operational data in the database;



instantiated configurations, describing the nature and the history of the configuration modifications applied
to each of the engines; and acquiring the working congition indicator(s) of each of the engines and
updating the 35working condition data depending on the acquired value of the indicator(s) of each engine;
identifying a maintenance operation to be applied to each of the engines depending on the operational
data in the databasgsn&atyeneratongirucantitrousalarehfadeaifieddentifiedaniairdperatioe apearation to be
performed; updatipgyjthed. digital signature the applied maintenance data and the instantiated

configuration data according to each maintenance operation applied to each of the Sengines; and
Coacivating an st QiR & SHCCr e i e i SRy R nEbR S

identified applied nfAMIEHERHER dperatndingdeiste MntananstmAPeIati deplistio GaBRAEENe
DESCRIPTION OFemEeDRAWINGS The present invention will be better understood on reading of the
following descripti:)ﬂe@éﬁv&ﬁagl asaefhvaanmpienanby ivasetadian Mdly-dignag cpmRasHINOdEAWEEGS, Where:2 15
Figure 1 is a simplifj | 1 : inti IngLto the.invention. Figure 2 is
a plot of a first indi(sa O}EY b?t]‘{tvﬁgév?/%%?ir% %%ﬁ?%@%@%%%@ﬁ@?ﬁf %gggga%t}ggz%@o%”&]g%@%m according
to the invention; Cﬁfﬂﬁ&@é’% and 4 respectively are plots of a second working condition indicator stored
20in the database and of its time drift; and Figures 5 and 6 are examples of a probability tree used for the
identificationoof probable failure causes. DETAILED DESCRIPTION

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood on reading of the following description
provided as an example only in relation with the accompanying drawings, where:
15 = Figure 1 is a simplified view of a maintenance prescription system according to the
invention;
= Figure 2 is a plot of a first indicator of the working condition over time stored in the
database of the system according to the invention;
= Figures 3 and 4 respectively are plots of a second working condition indicator stored
20 in the database and of its time drift; and
= Figures 5 and 6 are examples of a probability tree used for the identification of proba-
ble failure causes.

DETAILED DESCRIPTION
25
In Figure 1, a maintenance prescription system according to the invention is illustrated
under general reference numeral 10. System 10 comprises a central server 12 imple-
menting a database 14 gathering data relative to engines of a helicopter fleet 16, a
software unit 18 managing the access to server 12 and the safety thereof, and software
30 units 20 for processing the data contained in base 14.

Database 14 gathers all the data of the engines in the fleet allowing a continuous follow-
up of the navigability of these engines, and thus allowing to prescribe maintenance oper-
ations thereon, particularly according to their specific configurations and to the history of
the operations applied thereto.

35  The access to central server 12 is performed by any computer means 22 available for
users, office computers, laptop computers, tablets, "smartphones”, or others, via one or
several telecommunication networks 24, for example, the Internet, local networks, virtual



25 In Figure 1, a maintenance prescription system according to the invention is illustrated under general
reference numeral 10. System 10 comprises a central server 12 implementing a database 14 gathering
data relative to engines of a helicopter fleet 16, a software unit 18 managing the access to server 12 and
the safety thereof, and software 30units 20 for processing the data contained in base 14. Database 14
gathers all the dadvalktheengi)es.imsiupfleet adlowing seoantinuorspiadonweapsR2theanaligfability of these
engines, and thugallgwingde msesihpmaintenance operations thereon, particularly according to their
specific configurations and to the history of the operations applied thereto. 35The access to central server

12is pe'r'formed byeaéﬂgoﬁqmnb@@lr Mmean2eavgiarle rveerurfiienerrRIRMErailaRteRscaRpUterS,
tablets, Smaftp*&%@ﬁj}g ‘?\ﬁ?‘tal%?@en‘{'%rﬂf“ié’,r5%3569%%?8&'{@&1}}@'8‘?‘%&”&FXH?/E‘&R/&‘H gt exgmple, the

Internet, local netyo rivate networks, etc. As OP ?sed to central server 12, computer means
22 available Jor £ 14N ARANEH IR WANSEREH serystdreMibR S &ISHX\?%P&%”Q@I&W&%S% a software unit
implementing, Wmeaggr?nse% t'florhd secur managfment

%%YSGI’VI’ IS erfni

t deib a sqoftware .architecture, of web client/server
t0 cen g augqentlc ion ﬁ Fser ﬁi|e5|r|n%to|.
type, thus 5 allowing a corinection with céntral'server 12 via & single web portal for all users. The

connection to ceRRRIESEIV PN} SERETdrhhiaY! BY B ARNHE RGNS VAT HE 8RR I DOKRYER 1B central
server 12 havingaaleastedegit tivere passtwonchich it accesses by keying in at least a login and a password.
Access management and security unit 18 further implements functions of security and 10 confidentiality of
the connections ftessemaneaemerdreiod isatyriktivirtid8 dutthieninptamentsi faspiensor, sesHdimaildraffic
inspection, end aibreidkimialionsf anel tonnesioashvitnrieesior apaheadiyigciiaivipesfarmattrvgiopentral server
12 on database L BYSsbrEasRoHRel RaFRURISASROSREHAV HeRENIGR RIS AGSRTEAg to the
users nature (maiptenanae cbetalon, EnqIne oNneyigssororBARZalion, Snging caneiuclor elc.). these
privileges 15 de |H|ng _% fype_ o aB%on thal ¥he user can un _erqake Or database o an the type of data
in base 14 to whR9SQH [s<operiaied viB SPesiicRYIRogscsaeEtth R eI 453y RIHKSMBE iPRRSented
according to a uspesioriviegies. d\chautsspe cughyifeti qriveleges tmatingon eajothiéreationilefthe data of
base 14, a strongaisingMICaIRDHPAIRA Mardrdigial Qh eleeiaréoRignatHse 13 KdwkegpedP@iabase 14
particularly comqH%gge%%a\”ﬁﬂﬁltgg@%eﬁggi%gé% the working condition, describing the history of one or
t

several indications of the working condition of each of the engines, such as for example, the number of

hours of flight or SRR ATRAAISS IR Gaske e EAnESIRRA BN RREIAIFYIS s apiricator
describing the nymber of imes. 18} 18 SRR A9eRL B0.ANG 0 ATHedIARion of the data of base 14, a

strong authentication based on a digital or electronic signature is required.
20  Database 14 particularly comprises operational data relating to:

= the working condition, describing the history of one or several indications of the work-
ing condition of each of the engines, such as for example, the number of hours of
flight or the number of cycles of each of the engines. The number of cycles is an
indicator describing the number of times that the speed of an engine integrally
25 describes a given speed range during a flight. A working condition indicator may also
comprise flight conditions of a helicopter impacting the working condition of an

engine, such as for example a flight in a sandy, salty, or other environment;

= possible modifications and authorized modifications of the engines. Advantageously,

database 14 comprises not only the authorized, or "navigable”, engine modifications,

30 but also all possible engine modifications. The authorized configurations can be

deduced from the strict rules of implication and/or exclusion. This enables to compare

a specific engine configuration, which may be a possible but non-authorized configu-

ration, for example, due to a maintenance error, with authorized configurations.
Configuration modification errors can thus be detected;



25 describes a given speed range during a flight. A working condition indicator may also comprise flight
conditions of a helicopter impacting the working condit'g)n of an engine, such as for example a flight in a
sandy, salty, or other environment; possible modifications and authorized modifications of the engines.
Advantageously, database 14 comprises not only the authorized, or "navigable”, engine modifications, 30
but also all possiblerengieitivodificatinamntdhplatioriredreonfigicmiiding taprdietdeciveeddian the strict
rules of implication GngliayexshisiordifibisifNakiFaOrRP BRI BReEHic SRIIRGRORTiRYIGSoR. which may
be a possible but nf)gﬁzsﬂ{thger%edl.%rgng{(%yr%g%nduﬁgro?ﬁ Igf ueeetrg) a @a'?t\?vﬂgniﬁeeﬁﬂ%b\/\rmoq authorized
configurations. Conflgura%ion n‘l)Bdl icalioh errors can _%IS be etecgecﬁ 'g”thé de |n|t|on_o1emaintenance
plans for the enginE¥ ARl NG 15 BXREI IS MERFIGIATTHREE RS HOMHRIAY . ShaMISh ARABA (89S For
example, thi§ concéeas fleaintereespeei bpenstionseat tcapplied every X hours of flight of the engines, or
when the number of cycles of an engine exceeds a predetermined threshold value, or when an engine
has Sbeen flown'inthesgrseiiRtienvaf dhenkiababte causes b Sarsphirsiy 66 teienipoBabIesRepiaibs dffatkscheduled
events, and especiahys ofctaittiestctearding ltith ecdaissitdéadintatohpassibie difidasiotsemnzad tmodifications
and to the working GRRAdHIPELAGRLFIRICERBNHIG desesieliphalasir erganzadindbriprerafa
probabilty ree accardingig the.possibic,cndine mogifieations, agdulloe. expianed dn, Lotuther deta
hereafter: maintenance 2 E{Il_ecf, cfescn%?ng eMhatlve and ﬁig%ry Of maihtéenance opDera%ons applied to
each of theX¥¥hgineduahbgi ‘?ﬁé‘thrﬂﬁfﬁ?garbonfigurations, describing the nature and the history of the
configuration modifications applied.to each of the engines. 15Database 14 also comprises_E%Perational

data describing the BHBEIBR 7BRYEDT GEIEEON I HiR AN A h BISIABN Ofh M| BlERNgE LRTEHE R ance
operator should doaePpedefgycoairiheapdinesriiitenance operation, for example, in the form of reference
technical documentation. Because maintenance plan definition data, the data defining probable causes,
and opera- 20 tidhdnefarsiaied cQpratianGarsrey Boe Mmnatuipaatese iz atisie spriianaioance plans,
of operating modesnimiifircaieds deplifitmtemchodfftibregosases, etc.), database 14 comprises all versions of
these data, and particularly all versions of the reference technical documentation, as well as the
timestampiAg of Batabaes sidrdsairoms!isge prafiatporl ritstpvdnseringytheerpetaiisd iprofsioloh£aek and
configuration mogiinaitance pperitinms tihat dssohd 2o eagit@ppac osieratialn andropedificatipn performed
with a version of dhevlatiiTibRAR AEREGISRCAIRHRESARSIRHIER S NENRIUERRROA @IIGHSHLC of events,

and especially oftgﬁg)lHres, with which are compared the working condition indicators stored in base 14,
especially to determirie unscheduled events on the engines, and thus trigger a maintenance operation, as

will be eXp'ai”Edléﬁc%ws%‘ﬁ{ggﬁaéﬂﬂnfégrﬁgﬁt‘aéfﬁﬂ%ﬂfﬁﬁ@?%@rﬁ’ﬁg%%mr’r&“ﬂa‘i%@a%ﬁoﬁlﬁgéeaﬁdfgﬁér‘df‘“ 26 of

electronic cgonsu fation o

tional data are capable of varying over time (updates, optimization of maintenance plans,
of operating modes, improved identification of failure causes, etc.), database 14 com-
prises all versions of these data, and particularly all versions of the reference technical
documentation, as well as the timestamping of said versions, that is, the period during
which they were used in maintenance and configuration modification operations, to asso-
25  ciate each applied operation and modification performed with a version of the data.

The database also comprises a set of time signatures characteristic of events, and espe-
cially of failures, with which are compared the working condition indicators stored in
base 14, especially to determine unscheduled events on the engines, and thus trigger a
maintenance operation, as will be explained in further detail hereafter.

30  Software processing units 20 comprise a first unit 26 of electronic consultation of data
from base 14 enabling to interactively display them in the form of maintenance manuals,
or troubleshooting manuals, of spare parts catalogues, of tooling catalogues, of news-
letters issued by the constructor, especially concerning changes of configuration or other,
and this, for each family, or class, of engines managed by system 10. The access to this

35 documentation is managed by consultation unit 26, preferably according to the privileges



from base 14 enabling to interactively display them in the form of maintenance manuals, or
troubleshooting manuals, of spare parts catalogues, offooling catalogues, of newsletters issued by the
constructor, especially concerning changes of configuration or other, and this, for each family, or class, of
engines managed by system 10. The access to this 35documentation is managed by consultation unit 26,
preferably accordigitedtietpsivieges Habsigngatdd dhefigsatinriothieinsjartatedrsoothgusiton of the
engines, or any Qfherciterien of interest.  Software processing units 20 comprise a second unit 28 for
processing data generated during a flight, commonly called "flight data", unit 28 enabling to collect the
engine 5 Working&&maigmé@ﬁﬁﬁ@t@mtstqmt@m%maéc@ﬂd I@iingoRPINEEEaRY iR @emmé‘@ 14. More
specifically, proc ﬂ @[8 WJ@? % qaf.o ﬁﬂllzggtgﬁgb!‘rﬁélqg%&%g%%n ﬁéators The

indicators and ot fa are tra server 12 from rent acquisition'channels, and
especially frdm fWFV&B‘? BUrORy! F?ﬁbhﬂemé‘aﬂéoéﬁc‘%ﬁ}o@%smﬁ% Y9 atimEL fuhich are not

equipped with erRPOe}gked f'f%afﬁcorg%@% Iandu}‘]rI otherﬁgery Lﬁr ss)dgtﬁrr]rlls 4, ngé h for exa mple collect
said data first. TheColl8CHON |syprpef3era§) sup er ISE ?rom hIS 0@aI°"WOT ngtlon 5 so that he

can view them afeditiBdaBetorodif? t'fﬁ'@f?ﬁt%fé'ﬂé ﬂ‘i'@ﬁf Hdﬂbﬁﬁ%ﬁiﬁﬁ@ erllerted iy HURIesENET Unit 28
further comprise$ 2 fsewodidiferbt LasiiUisitialidiatimg s nahd casireg ity dadlectikghtiateordeds T3k $moond sub-unit

verifies the consigtgnayinpibmepiiesteb datanipiorsr hRynasansrrsldmbest ibfedpdrtisilakethe second
sub-unit Ve&q]es(gQ&Fo%?Joémf%% U?ﬁ(f ﬁ&'i@i}@ié’%’éms%ﬂev%éﬁ‘(&r e 8|f§cqlébﬁ8%£ Pﬁse data,
verifies that t dur

ata are not corru transmission, for exa means o ata
exchange betwolHESEEHLR B BN BERY S 35T B PR ASFRAIAL BIBELGE it 1
case of a lack of%cmlﬁwﬁ@ﬁ%ﬂfmedél%,fwﬂﬁkaﬂ?ﬁ'%l@ﬁﬁlfest@ﬁM@Mnléﬁ@anm@stfﬂl sfiletinit for
pre-processing the.collected data may also be provided, for example, to generate composite working
condition indicators from the working condition indicator values downloaded into central server 12.
Further, the valublsibRthithdroztons)sehicseans s@ynthtekis ol ithdingandrg\con thtiealECed datgine, may be
generated hy calehajieshd@ubinRXRATRICIHRGLAHREND JRC oI Ul 3£ Biuowely H& saeidanly recorded

curing 2 . Opianalyy e eI Seip A i JURAAY AOUIRRARY B esalalaRtYRrg2 ond e

pre-processing sub-unit implement s the calculations generatin ues o the Indicators. Software

units 20 also corfffiot SEYAIRY fﬂmﬁﬁﬁﬂﬁ@%r@%ﬂﬁﬁoﬁiﬁ@nw%r IgSninat g Q8 % 6HEPHRSw values of
the indicators of €hENgAPRIHGNEBIRHNONTOT LarBRIgImY Magesivéetidacrxaendngapasental srieidependently
from a new data toHedtiot Byatod2obaredfyt oy izrehtiseof Rardoltaty, dar. lastcusdugsadbdkerengine

working congitiopjnqicaiars are aRAas Wit RiedeiriRined ¥aliar defined in the operational

maintenance plan data, to determine whether a maintenance operation should be applied to the engine.
35Maintenance pladih SfReGIANGRHRENAG O DRIRIRNGNE AP QISsI DR RIGHIct e xaRpIE:- td O

generate composite working condition indicators from the working condition indicator

values downloaded into central server 12. Further, the values of the indicators, which are

a synthesis of the working condition of an engine, may be generated by calculation, for

25 example, according to raw flight data continuously or regularly recorded during a flight.

Optionally, the raw flight data may be directly downloaded into central server 12 and the

pre-processing sub-unit implements the calculations generating the values of the indica-

tors.

Software units 20 also comprise a third maintenance prescription unit 36 which is
30  executed once new values of the indicators of the working condition of an engine have
been recorded in database 14, or independently from a new data collection, by order of an
authorized user. Particularly, the last values of the engine working condition indicators
are compared with predetermined values defined in the operational maintenance plan
data, to determine whether a maintenance operation should be applied to the engine.
35  Maintenance plans especially correspond to maintenance operations predictable accord-



ing to the current value of the working condition indicators. For example, a maintenance operation is
executed every X hours of flight. However, since datalgse 14 contains the history of the working
condition indicators, the history of the configuration modifications, and the history of the maintenance
operations 5 applied to each engine, it is possible to implement more complex tests than a simple
comparison of a gltethatbuerdnigguingf iheesbdhgacoleirioninelische Eoagxamnlenancenapenation should
or not be applie%d&ggﬁi%%cagda@\@}w@}%{J];gngftﬁ@i@_ncy of working condition indicators may be

n

implemented by unit 36 since the variation of said indicators over time is known, with the possibility of
weighting or not siagld i adysesiuriibhibe 4 hRsime tindadsengipetse MigkiratieRiane/Pa iheormaindenance

operations alrea i ' i ' ine is
denified, an ala?é%?éﬁiﬁ%ﬁﬁ%“ﬁ@ﬁm%ﬂ‘ﬁn D R S LSRR e
instantiated BngifPlg BRSO Bdﬁd’r‘?é?l')t? &Cord ﬁq@{h@(ﬁ?aﬁ’?_f@ﬂ'ﬁﬁé@sgp idri¥Aready 15
applied thereto, fengatisofesatyirlgehdtd peiagusiipgdtoesiod b datgiame MBeiher crdeainerags out the
identified mainteopéragonsatalio0r aochedmidibeing pnadelay aflahitykistbetheatmignancs wpeiatpr in charge
of said operation,HhigdbyitiRGsssaleg seRigaehiodsiernios seethes AosiprediciRbiurRyRNLS have
occurred. Partlcularlryt.the wq(rkl\r}\% (o] grlt% n |nd|cnaf rs §toredh|{n databa§e 14;.] are I20 comtRa[rhed with the
base of time signf)é(teﬁr¢=3'_§n gh'gra%_?eriStYé”p e\?eﬂ?gsfrl' ' r?ngwreﬂg_ln't%gﬁcné) o%ue(?rat"flg%g.s itidtor efample
known that Xbméd"Fiantiatersead st %’ﬂﬁﬂﬂé@'\?ﬁ?ié’ﬁg oftRehaRRISWE RS A AAIeaRyiARPHRR ration, as
illustrated, for extmetple, in Figures 2 and 3 which illustrate abrupt changes of the value of a working
condition indicator. A comparison of the time variation of these indicators with a variation profile
considered as abiben 23nakItenarce RaRitTolel SecapRiirg thaneraHip e itenddieshenaalaimisiiRalysto have to
be appli_ed in qdcﬁmim@oﬁ%ehmedmta_meRlpe_reatidﬂmmesqﬁamﬁﬂfmﬁmmmga@tﬂmasjnvhélnaatéhe _
comparison with dhe ianaAkEE-RRRE IHPWIIRIRNREANAE 18 B/ TIRd AulRYIsdaihSGiRndpe applied
malntenanclesoperaﬁtog?}hd a {;hnd on the |r.'bstan iated con |gpu- ratltl)n dbata to, find ?Lét.whe(}her a previous

) applied thererq, the Hata escrining the opera rotocol to be implemente erto
action on the engine can éxplainthe abnorma _ _ _

carry out the identified maintenance operation, such data being made available to the

maintenance operator in charge of said operation.

on In or

Third unit 36 is also configured to determine whether non-predictable events have
occurred. Particularly, the working condition indicators stored in database 14 are

20  compared with the base of time signatures characteristic of events triggering maintenance
operations. It is for example known that some indicators adopt a limited variation of their
value during a normal engine operation, as illustrated, for example, in Figures 2 and 3
which illustrate abrupt changes of the value of a working condition indicator. A compari-
son of the time variation of these indicators with a variation profile considered as abnor-

25  mal thus enables to determine that a maintenance operation is likely to have to be applied
in addition to the predictable operations prescribed in maintenance plans.

When the comparison with the signature base is positive, an analysis is carried out by
third unit 36 on the applied maintenance operational data and on the instantiated configu-
ration data to find out whether a previous action on the engine can explain the abnormal
30 variation of the concerned working condition indicator(s). For example, an abrupt
increase of the indicator of Figure 2 can be explained by a change in the engine configu-
ration, while abrupt variations of the indicator illustrated in Figures 3 and 4 can be
explained by two successive replacements of an engine module, that is, its generator,
such information being stored and especially timestamped in base 14. The probable
35  causes identified by this analysis are listed and transmitted by third unit 36 to authorized
users. Further, the time signatures may also be associated with identified failures. A



30 variation of the concerned working condition indicator(s). For example, an abrupt increase of the
indicator of Figure 2 can be explained by a change in the engine configuration, while abrupt variations of
the indicator illustrated in Figures 3 and 4 can be explained by two successive replacements of an engine
module, that is, its generator, such information being stored and especially timestamped in base 14. The
probable 35causesiidernditedizyating analysiseacatzieg dand wainSHidadudpritodiynhidtiti alsdorized
users. Further, thelimg gignatigea may also be associated with identified failures. A 11 maintenance
operation is thus prescribed by third unit 36. Simultaneously, said unit also emits an alarm signal. It
should be noted fhaidine séaiaee @i Ristagy of eeMidunateBorRglaasn hiigsainte: Manees applied,

and of the working,candign ndige oF enablReml> ARHRR AnAliaee eﬁa@%'gn%%?feﬁﬁ% g complexity

of a helicopter engf.| helicopter engine Is hggercntl al system
0

, as previou ibed,
aving its opratBHTRLLACIBY bt IRANARGe b RENBERG SReIEoNONE CoAtRERATHRLY it nas
undergone. PartiéeseiiRediiehelisaates esmtatioa merceheshey sieadadgne iy e ol tprcedstimaintenance
operation applieadlbthemitietdastcaptgatiatoammoctikicgttanditious tratitainienasrgenepraaitimry;, a 10

configuration moglficatieiq CHRIRGhtBraR SHRT-RREIRAY SRS IR YRIMRIMEYSIRE Ygeigh can only
be detected by ar; anah\isegg acco @e‘ﬂgs Q ot s{orles st%regI dn c}ﬁtabase .1?. Further, in the case where

hi
the event detecte'c?'b‘gl)O iFd Oinf iIsa alr?uf"el('léJ r%'rogfpé?qhé:amanuaulsngu HET gtgpghagroe{]c:t%rr%tic of a

failure by a]tPSer,%ﬂf@%ﬁﬁ%éﬁ?ﬁﬂ@ﬁﬁ@ﬁ@%[%t‘élﬁbﬁll@ﬁh%?fa@?ﬁifmél’iGﬁuéﬁ e praAbRY¥]uses of the
failure accordingvibithecanainte ariztecipe atiensuzgbydie dctor die i testhe thattod esrgjoned dordaganastion, to the
working condition4ndicators, and to the authorized configuration modifications. Particularly, the data
relating to possible failure causes in database 14 are organized in the form of a probability tree. Two
simple examplesrof_tpéqtiabiﬁéycﬁmr&ne Hiﬂ_%natmdiétea@dFﬁgmm4Jail_m$6,id:égtaiwrb,i_lhlséfteﬁingeprobable
causes of a loss of ifRIMANAR fioMARIRLRFIR WIS PaNROHARdSEIOMIR 2HLSE RHipEREARaRle causes of
an engine perforipange Iose TheRIaBAOI Yo s pamined articylary aceprding fo lhe lpstantiated
engine configuration and Brpwse )y means of a Bayesian-type a_gorlt?"lm. Ird uhi _%g?ran_smits at the
end of its analysRABCRSIRSFIIS AN BdLSEE LI ENPIRFSPANGIGHAM 12 8B NBEHIf; Mbociated with
each of them, astiseindeaoraseddiatedantbintzdanood preson piatifigetidns. same time, third unit 36 transmits
an alarm signal. It should be noted that the trees illustrated in Figures 4 and 5 are very simple and that, in
practice, the nunfs&icgiapys diBldatsoisiRineatearessielmgilep crisge intdetphetsdding tiganizeddo themplex.
Finally, processitig mnitsa2proieumiitis &ree fauth siiagia eranplgemiepioballikil) wedshre dtivested in
20  Figures 4 and 5, Figure 4 illustrating probable causes of a loss of information from an

engine torque sensor, and Figure 5 illustrating probable causes of an engine performance

loss. The probability tree is examined particularly according to the instantiated engine

configuration and browsed by means of a Bayesian-type algorithm. Third unit 36 trans-

mits at the end of its analysis a list of probable causes of the failure, preferably with a

25  probability associated with each of them, as well as an associated maintenance prescrip-
tion. At the same time, third unit 36 transmits an alarm signal. It should be noted that the
trees illustrated in Figures 4 and 5 are very simple and that, in practice, the number of

possible configurations being very large, the probability tree is also complex.

Finally, processing units 20 comprise a fourth alarm management unit 40 which receives

30 alarm signals from the other units. Alarm management unit 40 keeps up to date a list of
alarm signals associated with each alarm-generating event, as well as a list of actions to
be taken on database 14 to deactivate the alarms.

Particularly, an alarm is deactivated when a maintenance operation has been performed
by a maintenance operator and that he/she has downloaded, with a digital signature, the
35  description and the timestamping of the maintenance operation or the change of configu-
ration that he/she has performed. Preferably, in case of a failure, the alarm is deactivated



30 alarm signals from the other units. Alarm management unit 40 keeps up to date a list of alarm signals
associated with each alarm-generating event, as well g5 a list of actions to be taken on database 14 to
deactivate the alarms. Particularly, an alarm is deactivated when a maintenance operation has been
performed by a maintenance operator and that he/she has downloaded, with a digital signature, the
35description andlibe theesteaapiagoofitiemanteaaiyialosigratio methﬁmﬁge ofl snfigutheation that

he/she has perfoifiigd. (Riefe/aRIaiN &Res Q] Mt Gathie 3 ﬁ%bb?rféﬁ rRtasta teipbeRotpssoperator also
fills in, with adlgn%l| sgqature t e{nfor atlol%I raelatl '?to the fa llure that eshe h &entlflqd which

enables, by recomp %e Caasf elatve oa 0SSt AT gglr}soes fo Tefine Said data ™ A varlatlon of
the invention, unﬁ'% Wﬁ%@'ﬁmﬁkrﬁﬁﬁ%ﬁ@fé’ﬁ%]ﬂﬁ LN SRR T iﬁ'?@ﬂa@ﬁlﬁ‘%@%ﬁqr%@me as long as
the descriptibn Sofftbhenaiaienenznaeeatenatiosf dreofahfigomitgurizaign chdimgengimeHasengihechas not been
downloaded. 134glAldMd&d.A system for prescribing maintenance of helicopter engines belonging to the
same engine class and formed by elements that vary over time depending on the technical 5condition
thereof, the standard replacement of parts between engines, and the replacement of parts with different
parts, comprising: a centralized database storing operational data relating to: working condition,
describing the history of one or more working condition indicators of each of the engines, 100 possible

modifications and authorized modifications of the engines;



the definition of maintenance plans for the engines according to predetermined values of the working
condition indicator(s); the description of the proballlg causes of unscheduled events according to the
data relating to possible and authorized modifications and the working 15condition data; maintenance
applied, describing the history of maintenance operations applied to each of the engines; and instantiated
configurations, describing the history of the configurati@mgodifications applied to each of the engines;
and 20 means for acquiring the working condition indicator(s) of each of the engines and for updating the

working condition data depending on e acaulred valus Afdhe disato)of cach ehgin; fpeans for
identifying a maintenanc_% operation 16 be %pp"’heg% &a2h 5T e engiries dep_en%l on ﬁ1e_operationa|
data in the database; PEIRFARS fF dreshin §leMmesititabYRAYENHOE Sapentiish B des isetedlance
operation to be perforrnieditiomahersdbr e stigitaity rsigacsthaptdatingrts tretvappliew mesintedatiee data and
the instantiated configespiiemdahets paeondindittepaepamaisirpaneg operation applied to each of the

engines; and 30 meang f%rcg Ig@ﬁi}/&tﬁggg%@%y%e%@gﬁ%g B(Iillée%ﬂtmgtgigitally-signed update of the

data resulting from the identi maintenance opﬁ%‘gaﬁlon associated with the alarm is, carried out.
t

2.The system of claim 1, vﬂwe?_@?ﬁ_ﬁfg FRBAHO o3 'i’\)qi ( 'étPﬁBéi?]fté’H‘éﬁéén8beeY\é?f§§ﬂ&‘?'} "be applied
comprise: means for identify#ie) Aeisattrodf fERRd drargiashaintenance operation by comparing working
condition data of each enginepugiibla thodifiigiatsisadrmskonted4nodifications of the engines;

0 the definition of maintenance plans for the engines according to predeter-
mined values of the working condition indicator(s);
o the description of the probable causes of unscheduled events according to
the data relating to possible and authorized modifications and the working
15 condition data;
0 maintenance applied, describing the history of maintenance operations
applied to each of the engines; and
o instantiated configurations, describing the history of the configuration
modifications applied to each of the engines; and
20 = means for acquiring the working condition indicator(s) of each of the engines
and for updating the working condition data depending on the acquired value
of the indicator(s) of each engine;
= means for identifying a maintenance operation to be applied to each of the
engines depending on the operational data in the database;
25 = means for generating a continuous alarm for each identified maintenance
operation to be performed,;
= means for the digitally-signed updating of the applied maintenance data and the
instantiated configuration data according to each maintenance operation
applied to each of the engines; and
30 = means for deactivating an activated alarm if at least the digitally-signed update
of the data resulting from the identified applied maintenance operation associ-
ated with the alarm is carried out.

2. The system of claim 1, wherein the means for identifying the maintenance opera-

35 tion to be applied comprise:
= means for identifying a condition for triggering a maintenance operation by
comparing working condition data of each engine with a time signature base of



the centralized database, characteristic of events triggering a maintenance operation; means for
analyzing the data relating to maintenances applied ang instantiated configurations according to the
possible and authorized engine modification data and to the working condition data to identify whether
one or several maintenance operations applied prior to the occurrence of the triggering condition may
have influenced the occuttereeatthizebiiaribasarbanstioistiaobemitingriojorimat onigtaavecstopdre identified
maintenance operation toRgapplied and the identified maintenance operation(s) applied. The system of
claim 1 or 2, wherein the Hgar}]téf%c?tlo meaqﬁet(aalgaergﬁﬂlr%e comprise: mea ser{jorl en %Waqeg.condltlon

for triggering a maintenance opeora |r(])any6i/n%omparlng Wor%iﬁgmcac')ntcelﬂ?gﬁe?jg R GFeRE "ésnrglne with a time

signature base of the cenfRAIfHRIHARS SR AEMA A e BRI 0BH RUENBIESINE I PR ARREMSAR operation;
means for sdlving unschethideahévientss triggangdonrititioth datie tutifidaahtifig ydrétitgiconelitiorsdgeckaracteristic

of an unscheduled event, agidtidenidvingdaaensipleaysrs & teodaseiird Wethevaeangeiag to the
applied maintenance opemﬁiggf% fﬂﬁ%é@&@@&@&ﬁﬂ&%@@éﬁ i% ata, to the working condition data,
the ropa

and to the data relatinq to Scr e causes, and to t ta relative_to authorized

Iption of ed
configuration modificatiorRead 'Shd AR R NSRS B Mo TS AL YL IR Erobable
causes. The system of cl&PArai bR peishiyeh aamh 8o i dfgfiter BadiethigrRrer afoniabagrkRdibing probable

causes of utischeduled events according to the causes identified for each unscheduled event and
wherein the deagfivatipp nagans aje Qanable ! sleasiivating andelrfiraasaorisirg witheagysgheduled
event if the data desc:r|b|ng(1:1i robable causes of unscheduled events are updated according to the

n

identified cause of the event. The system of any of the foregoing claims, comprising tendency analysis

means capable of analyzif§iite @n Bl NHI%iAG CBHERTL P 049G MEHITRECTh PR Adnce plan
definition data according tosalisgalydisigAonditimddefamresmiing ne aitenamesighiialicbisteofengines

belonging teghe same engigee-atasEanghisime dyelements takvany@yRigtinaiferansingen the
technical 15 condition thegpaf, the standard replacement of parts between engines, and the replacement

Gebaribing the history &1 JHEFEY THCHEN TR SO GOl GRErR o B gt
possible modifications anecAAtHTiFeanatarifisatorsaor theckssgeevent, and identifying possible
causes of the unscheduled event according to the applied maintenance opera-
20 tion data, to the instantiated configuration data, to the working condition data,
and to the data relating to the description of probable causes, and to the data
relative to authorized configuration modifications; and
= means for transmitting information relative to the identified probable causes.

25 4.  The system of claim 3, comprising means of digitally-signed update of data
describing probable causes of unscheduled events according to the causes identified
for each unscheduled event and wherein the deactivation means are capable of
deactivating an alarm associated with an unscheduled event if the data describing
probable causes of unscheduled events are updated according to the identified cause

30 of the event.

5. The system of any of the foregoing claims, comprising tendency analysis means
capable of analyzing the engine working condition data and of modifying the
maintenance plan definition data according to said analysis.

35

6. A method of prescribing maintenance of helicopter engines belonging to the same

engine class and formed by elements that vary over time depending on the technical



the definition of maintenance plans for the engines according to predetermined values of the working
condition indicator(s); the description of the probaljle causes of unscheduled events according to
10the data relating to possible and authorized modifications and to the working condition data;
maintenance applied, describing the nature and history of maintenance operations applied to each of the
engines; insteunidkitied cosmbigh raiostandescripiagethennatuparandahednstagine$ thedl Beonfiguration

modifications applied {o,@aGheAt HieLRANMGSIIRBINEEIHREIRWPrking condition indicator(s) of each of
the engines and updating_the workin C%ngi;tion I(g%a goepending on the acquired value of the indicator(s)

of each engine; ide%%w%(%)gr?ngpn eRance operation to be applied to each of the engines
20depending on the operalioM&l’

ek GANEHEORaties ElEINGBA TSRY o CHRtRILBRS XA FYEN identified
maintenancé operation to be t@rfioriceidrs of egtetibeeithihgital signature the applied maintenance data

and_the instantiated_cor_lfigyrqﬂ@gmmﬁo@mﬁgﬁgd}w@aﬂmmmmwﬁﬂ@@m@d to 25each _of the
engines; and deaCt'Vat'ngoantl?ecﬂéﬁﬁﬁgoﬁ‘lgf'mdfn?édmtg%s %\l{t?ﬁgﬁﬁebqﬁgsday&q& % tﬂ%o@?etra resulting

from the identified applied maintenance ?ﬁ[glon associlate rm Is cartried out.

maintenance procedure data QUK r}fﬁlﬁ’ﬁs HY8H%?\Q:8°BF&%W%%W Hch mainte30nance plan
according to the possible @dRadagis@rehifupashl 6augse engiprhedalos: evsatarrcdoidinendifying a
maintenance plan to be carriebkouddter ralfeiyreotpbsintpaine daoth@éxeld ohdbdienginea@caordiag to the
value of the working conditior,ihgicgiQysifish dpe definition data; 35 means of description of a

maintenance procedure accorrT(]JIa{prge'h% %ng éjp%tl‘?eg,f Hwee i entlf&%d mainten £e.9 ye[)quon. nd to the

. . : ion 4 scribing the nature and RIS maintenance
instantiated configuration data.” ] ]
operations applied to each of the engines;

o instantiated configurations, describing the nature and the history of the
15 configuration modifications applied to each of the engines; and
= acquiring the working condition indicator(s) of each of the engines and updat-
ing the working condition data depending on the acquired value of the indica-
tor(s) of each engine;
= identifying a maintenance operation to be applied to each of the engines
20 depending on the operational data in the database;
= generating a continuous alarm for each identified maintenance operation to be
performed;
= updating with digital signature the applied maintenance data and the instanti-
ated configuration data according to each maintenance operation applied to
25 each of the engines; and
= deactivating an activated alarm if at least the digitally-signed update of the data
resulting from the identified applied maintenance operation associated with the
alarm is carried out.
= maintenance procedure data describing a maintenance procedure for each mainte-
30 nance plan according to the possible and authorized configurations on the engine
class;
= means for identifying a maintenance plan to be carried out or a failure to be
repaired on each of the engines according to the value of the working condition
indicators and to the definition data;
35 = means of description of a maintenance procedure according to the data of the
identified maintenance operation and to the instantiated configuration data.





