1 A nethod for nonitoring plane engines The present invention relates to
systens for detecting operating deficiencies of plane engines, and 5 nore
generally, of all equipnent systens at |east doubled in the plane, and

bel onging to the main parts thereof, such as propeller group, steerings,
etc. It nore particularly relates to systens for nonitoring main parts so
as to warn the operating 10 (steering or maintenance) staff of a defective
operation. As a systemfor detecting an abnornmal operation wth a viewto
assisting the maintenance, an integrated test equi pnment (so-called

"Built-1n Test 15 Equi pngni'; TE), i r y , Is specific to
the bad operation underngoﬁgFagéa?%gnio%ggﬁéa&grﬁggs@tﬁggéﬁ%ﬁe pil ot can
avoi d maki ng use of such equipnent, call on an alternative equipnent, and
t hereby, avoid a nore serious 20 incident, or, being assisted b
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It more particularly relates to systems for
monitoring main parts so as to warn the operating

10 (steering or maintenance) staff of a defective
operation.

As a system for detecting an abnormal operation
with a view to assisting the maintenance, an
integrated test equipment (so-called "Built-In Test

15 Equipment": BITE) is generally used, being specific
to the bad operation under consideration.

Being warned, the plane pilot can avoid making
use of such equipment, call on an alternative
equipment, and thereby, avoid a more serious

20 incident, or, being assisted by the diagnosis as
provided by the BITE, the maintenance staff could act
more easily and faster upon a plane maintenance
operation for repairing the defect.

Nowadays, most BITEs essentially comprise

25 sensors that collect operating data or parameters and
such parameters are digitized and tested with by
software referring to predetermined thresholds or
mathematical models.

Here, each engine is controlled by a calculator

30 referred to by the acronym "FADEC" (Full Authority
Digital Engine Control).



Digital Engine Control). 2 FADECs nonitor each the operating paranmeters of
the engine they control. Such engine paraneters are conpared with
predeterm ned thresholds being identical for identical engine
configurations, 5 whatever plane they are nounted on. Now, planes have
each a specific use, thus naking theirpwear individualized. Engines are
therefore subject to a specific and non nodelizable wear in a
predet erm ned way. 10 The above predeternm ned thresholds are therefore not
able to provide for a nonitoring of the engine paraneters specific to

their wear. Howevefappds ifoR988kble@ 0 NI bpEratWRar pandd rpasanet er of
engines and to track the damage 15 thereof. By determining criticity
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elr 1 nvention. us, the present 1 nvention relates to a net hod for
moni t ori ng plakingngittesiconprest ng iatdiebdwatliwed. Engines  are
therefore subject to a specific and non modelizable
wear in a predetermined way.

10 The above predetermined thresholds are
therefore not able to provide for a monitoring of the
engine parameters specific to ‘their wear.

However, it is possible to monitor a wear
typical parameter of engines and to track the damage

15 thereof. By determining criticity thresholds, several
steps of such damage could be identified. But such a
technique would require, amongst others, to determine
the most significant parameters of the deficiency
modes, the wear thresholds to be applied to such

20 parameters and the influence exerted by the wuse
conditions on their behaviour. All this requires too
a good knowledge of physical phenomena related to
them.

The Applicant have tried to find a solution for

25 simplifying the above described problem and
consequently they propose their invention.

Thus, the present invention relates to a method
for monitoring plane engines comprising at least two
engines, each engine being controlled and monitored by

30 a engine monitoring calculator, the calculators being

connected between them by a communication network and



engi nes, each engine being controlled and nonitored by 30 a engine
noni toring calculator, the calculators being connected between themby a
comuni cati on network and 3 each cal culator nonitoring operating

paraneters of the engine it nonitors, the nmethod being characterized in
that both calculators emt on the netwokk the value of at |east one of
being conpared with™5 that of the sanme paraneter as
emtted by the other calculator, and in that, if a value should deviate
from the other by a difference higher than a predeterm ned
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| east known at any tine if both engines have available the

threshodd, i pnene@fofthe engines is diagnosed as being 1in
an abnormal operation.

The environment and the use being identical for
both engines, only the performance thereof influences
the differences being recorded. It 1is no longer
necessary to master the laws of physics for detecting
the defects thereof.

For a given plane, an engine shows an abnormal
behaviour as soon as the wear as shown by a given
parameter differs from the wear as shown by the same
parameter on the other plane engine, whence the
comparisons to be performed.

For example, phenomena related to temperature,
engine speed, behaviour and altitude, disturb the
level of 1lubrication oil in its tank, making it
impossible to know the amount of oil available at a
given time. Through the above mentioned comparisons,
it can be at least known at any time if both engines
have available the same amount of oil or if one of
the two tanks is leaking.

The invention consists in applying a redundancy
technique currently used in the field of personal and
plane safety to the above mentioned field of the BITE

built-in test used for assisting maintenance.



the two tanks is | eaking. The invention consists in applying a redundancy
technique currently used in the field of personal and 30 plane saf
t he above nentioned field of the BITE built-in test used for assisting
mai nt enance. 4 Such a redundancy technique consists in putting in

with identical critical equipnent matefgials, a nunber n, so as to
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two parallel equipment materials, while isolating
defective equipment requires at least three of them.

Here, there are many parameters, as for the oil
leaks in the above described example, for which
isolating the defective engine could be achieved even
for a twin-engine plane.

In summary, the engine redundancy technique is
therefore wused both for diagnosis, forecast and
maintenance purposes, together with strong
probability data. '

Preferably, the calculators monitoring the
engines will be those that actually carry out the
comparisons and establish the resulting diagnosis, but
the latter could be equally carried out by a self-
standing central calculator connected with the network.

Still preferably, each diagnosis of an "engine"
calculator is emitted by the latter towards the other
for being immediately compared and either being stored
for maintenance or resulting in an immediate action
such as, for example, being displayed to the pilot or
emitted by a radio at a ground station.

Other features and advantages of the present
invention will become more apparent by reading the

herein-under description of the method for monitoring



25 for being imredi ately conpared and either being stored for maintenance
or resulting in an imedi ate action such as, for exanple, being displayed
to the pilot or emtted by a radio at a ground station. Qher features and
advant ages of the present 30 invention will becone nore apparent by
readi ng the herein-under description ok the nmethod for nonitoring 5 plane
engi nes according to this invention, nmade by referring to the appended
drawing, on which: Fig. 1 is a first architecture formof an engi ne
nonitoring systeminplementing the nethod of the 5 invention; Fig. 2is a
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to Fig. 1 and 2, the archltecture will he detailed_in thﬁ]exa |l e of a
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2, 3, 4, each nonitoring and controlling a respectlvely desi gnat ed engi ne

n(l) mf2), eentiend), or mM, n2, nB, m% in the flgures The FADECS her e
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(Avionics Full 20 fﬁpl Xﬁ d?g??an oftTL A ne rk5 forgexanple
defined by thenfRbNChAesgBREH ca.lmﬁ@it@tlld‘@orw atzedﬁhsaandardthel t her

t hrough a specific link
invention; and
Fig. 3 is a simplified flow chart of the plane
10 engine monitoring method according to the invention.
Referring to Fig. 1 and 2, the architecture will
be detailed in the example of a four-engine plane. The
monitoring and controlling system 10 for engines ml,
m2, m3, m4d of a plane (not shown), comprises FADEC
15 calculators 1, 2, 3, 4, each monitoring and controlling
a respectively designated engine m(l), m(2), m(3),
m(4), or ml, m2, m3, m4 in the figures.
The FADECs, here four of them, are connected
between them via the plane by an AFDX (Avionics Full
20 DupleX) digital communication network 5, for example,
defined by the ARINC (Aeronautical Radio
INCorporated) standard, either through a specific link
as provided for the hereinafter presented
communications, or through a pre-existing link of the
25 plane dedicated to other communications, and emit data
and parameters from the engine they are supposed to
monitor and control. The FADECs being two-way
calculators, those ways make it possible to strengthen
the information as received from one or the other

30 FADECs.



as provided for the hereinafter presented conmunications, or through a
pre-existing link of the 25 plane dedi cated to ot her conmunications, and
emt data and paraneters fromthe engine they are supposed to nonitor and
control. The FADECs being two-way calculators, those ways nmake it possible
to strengthen the information as receigged fromone or the other 30
FADECs. 6 In a first enbodinent (Fig. 1), there is provided a "pl ane"
central calculator 6 also connected with this network 5 for pooling by one
of its functions 61 and processing by one of its functions 62, data and 5

paraneters it receives finM adpddiendADEGSid. B, khdre BS Prbvided

expl ai ned hereinafter. In a second preferred enmbodiment, (Fig. 2), it is
one of the PADEQark" Zemdraky @dhldulatehed RADET ¢onneied pFay ¥RE2If the

role of the function.62 of the .10 cal cul ator. 6 ' ' t use for
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1, 2, 3, 4pHerddianig caly ansheowfl sital t oneotisbys prézessdatsi naharly to
the function 61 and as will be explained 15 hereinafter, data and

par amet®ers Fanametaisi nd tFeGehyeS FESPoasilbltder §RPESFdd wit P data and
par anet ers 4;%&6%@&@%%4@%4}@5%&%le.cei ved on the network 5. In
I that the

the first case, It is to be notice 20 central calculator 6 can
only play the rol &mofa aecdrmtd grmeth argd 6dmioedimentnet WBi&k. 52f¥orionly pool i ng
data one of the FADECs 1, 2, 3, or 4, i.e. the FADEC i, that

plays itself the role of the function 62 of the

10 calculator 6, which is not useful for implementing the
invention.

However, in this latter case, all the FADECs 1,
2, 3, 4 are identical and could simultaneously process,
similarly to the function 61 and as will be explained

15 hereinafter, data and parameters of the engine they are
responsible for, added with data and parameters
(emitted by the other FADECs) received on the
network 5.

In the first case, it is to be noticed that the

20 central calculator 6 can only play the role of an
intermediary 61 on the network 5 for only pooling data
and parameters emitted by the FADECs and for optionally
determining the FADEC i that 1is to perform the
hereinafter processing.

25 Thus, any FADEC 1, 2, 3, 4, or the central
calculator 6, or the FADEC i, according to the adopted
architecture, has available the same data and
parameters from all the engines ml, m2, m3, m4 of the
plane and performs the monitoring processing 62 which

30 will be now explained, referring to Fig. 3,

simultaneously with the monitoring method.



and paraneters emtted by the FADECs and for optionally determ ning the
FADEC i that is to performthe hereinafter processing. 25 Thus, any FADEC
1, 2, 3, 4, or the central <calculator 6, or the FADEC i, according to the
adopted architecture, has avail able the sane data and paranmeters from al
the engines m, n2, nB, mt of the plane and perforns the nonitoring
processing 62 which 30 will be now explained, referring to Fig. 3,
simultaneously with the nonitoring nethod. 7 1In step 100, by an-em ssion
function 60 on the network 5, the FADEC cal culators 1, 2, 3, 4 emit on the

network 5 the val ue V " 3),.and. M 4. oy Y y yf0f | east
one operating paraﬁ%t%%gpoxﬁéith%§e%6ﬁR%Eléﬁge%ﬂ?gﬁg?géh ?gzﬁggthgly,
t oget her w thetwbdskehgi ke MBAREC taltplanBts 1pB82, 3pd% ewmitespohtieng to

its em ssion address, and with its paraneter ef erence p(l), , 3),
p(4), respecReVEPyX The ERBECYRIH® =Y k74)Y(%¥'th (gélc%PétogQé}’ Eg :

receives, eilbgr-tpiough the raception and RAMINGind Upstanec 6L ek the
paranmeters emtted on the network 5, or through the function 61 of the

other FADECshet hagtinepl oils W) miv k4 pekpeckirelyi otagekhedi wighent from

j) and has available four triplets, 1o £orrgspendi,ng.t = .3, 4. In
step 101, bylﬁﬁaﬁggépetﬁgr &ﬁctﬁgh'GZI%? theﬁgcalc@?at§95§egﬁb3§§n ADEC 1
to 4, any vatge Ytk) kmiseaopar edidreddie thice witikr vakuepaYgkdretor k' =

1, 2, 3, 4, k' being different fromk, but only if )
reference p(l), p(2), p(3), p(4), respectively.
The FADEC j (j = 1 to 4), or the calculator 6,
10 receives, either through the reception and pooling
function 61 for the parameters emitted on the
network 5, or through the function 61 of the other
FADECs, the triplets V(k), m(k), p(k) (k =1 to 4, k
different from j) and has available four triplets
15 corresponding to k = 1, 2, 3, 4.

In step 101, by means of the function 62 of the
calculator 6 or any FADEC 1 to 4, any value V(k) is
compared to the three other values V(k’) for k'’ =1, 2,
3, 4, k’ being different from k, but only if

20 p(k’) = p(k), that shows that this 1is the same
parameter, but corresponding to two different engines
m(k) and m(k").

Absolute wvalues dl(k), dz2 (k) , d3 (k) of the

differences V(k) - V(k’) between the wvalues of such

25 parameters could, for example, be calculated.
In step 102, the above mentioned differences dil,
d2, d3 are compared with a predetermined threshold S,

corresponding to a measurement tolerance of the

parameter.



20 p(k') = p(k), that shows that this is the same paraneter, but
corresponding to two different engines mnm(k) and m(k'). Absol ute val ues

dl (k), d2(k), d3(k) of the differences V(k) - V(kl) between the val ues of
such 25 paraneters could, for exanple, be calculated. In step 102, the
above nentioned differences dl, d2, d3gare conpared with a predeterm ned
threshold S, corresponding to a neasurenent tol erance of the paraneter. 8
If, in step 103, no difference exceeds the threshold S, the procedure
proceeds with step 105 w thout any particular action. O herw se, the
procedure proceedsy# t hi st epcd94 153 Whefsi ngi hecpunber ekcdihiker epees
exceeding the threshold S is counted. Then, for exanple, if only one

di fference dihmslzokkcded tie t presiesiureS, privsesdent wilgh ssbepd LASa nenory
ML and the priotcheddjre roceetdiwigh SLEP, 105. 10 If two differences dl, d2
exceed the tHreshor " PRhet Qbsdt ute " vATue d of the difference V(2) - V(1)
is calculated. |fothdsviswer thbeprbdadie Procedyus ewiphocaess woth step
105, otherwi se the event is stored in a nmenmory M2 and the procedure
proceeds w t'fheusint epheos nuoathe ehr efidiferenssces HcePnE3 hhe hi gher
than S, the ( I S al g r e p(k') by
a difference hig erﬁ'g h%ng%hggﬁ?ﬁrggs’hfor?%ws, %o%ﬁc# -en'gi}{“rifsal ﬁﬂﬁ%sggﬁ
operation ordiafference dl does exceed the threshold S, the event is

stored in a memory M1 and the procedure proceed with

step 105.
10 If two differences dl, d2 exceed the threshold S,
the absolute value d of the difference V(2) - V(1) is

calculated. If d is lower then 2.S, the procedure

proceeds with step 105, otherwise the event is stored

in a memory M2 and the procedure proceeds with
15 step 105.

If the three differences dl, d2, d3 are higher
than S, the parameter p(k) deviates from all the other
parameters p(k’) by a difference higher than the
threshold S, then the engine k has an operation or a

20 wear abnormally deviating from that of the other
engines k’. All the other operating functions remaining
further identical, the procedure proceeds with step 106
wherein the engine is recorded as being in an abnormal
operation relative to that of the other engines, by

25 means of a display function 63 and the event is stored
in a memory M3, and the procedure proceeds with
step 105.

In step 105, the inscription in memories M1, M2,
M3 is dated so as to allow for a history of the events

30 to be re-established so as to better assist the



20 wear abnormally deviating fromthat of the other engines M Al the

ot her operating functions remaining further identical, the procedure
proceeds with step 106 wherein the engine is recorded as being in an
abnormal operation relative to that of the other engines, by 25 neans of a
di splay function 63 and the event is stgred in a nmenory M3, and the
procedure proceeds with step 105. In step 105, the inscription in nenories
M, M, M is dated so as to allow for a history of the events 30 to be
re-established so as to better assist the 9 nmaintenance, and as the nethod
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When t he FA%E%fggfﬁgﬁé%brsgﬁé 2%Q3,PﬁénnhggggénggsthéoensggegagﬁgéFhose
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te” SGBj-&C

di agnosi s in paral {8¢" ahB<sbBREG & Heéhsel ves fé&d%o a

consol i dati %aogﬁgﬁﬁésda&@ FHYSO @Bkt QEF fbimdtRENESIBak@sBAsdasAl ayed.
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overall diagnosis to be displayed.

10 Thereby, a breakdown occurring on one or two
FADECs 1s overcome, making the system 10 twice as
secured, or twice "fail operative", according to the
Anglo-Saxon terminology.

The diagnoses of the FADEC calculators could be

15 emitted by each of them towards the others for being
compared therein and either be stored in a housing for
maintenance, or result in an immediate action such as,
for example, being displayed to the pilot or emitted by
a radio at a "ground" station, but such diagnoses could

20 also be emitted to a "plane™ central calculator for
memorization, display, ground broadcast or any other
system control that could be required.

Conversely, using a self-standing central
calculator 6 connected with the network 5 for

25 centralizing the processing, it 1is not possible to
overcome a breakdown occurring on said calculator.

It should be noted that there 1is taken
advantage of the fact that the engines are in a
three-fold or four-fold redundancy for personal

30 safety purposes for exploiting the induced redundancy

of the engine parameters so as to provide a



a radio at a "ground" station, but such diagnoses could 20 also be emtted
to a "plane" central calculator for nenorization, display, ground
broadcast or any other systemcontrol that could be required. Conversely,
using a self-standing central calculator 6 connected with the network 5
for 25 centralizing the processing, itjgis not possible to overcone a
breakdown occurring on said calculator. It should be noted that there is
taken advantage of the fact that the engines are in a three-fold or
four-fold redundancy for personal 30 safety purposes for exploiting the

i nduced redunydancyi c£ht t RRESREIIR RAT BARLES $0a@Sos Os PEREGRF 1o
significant inprovenent in the diagnosis accuracy to the built-in tests

for assistirda he RADEC-immi nteatfce. IAE hagsseat idescrithwl, tFRDEGvention
applies to 5 aircrafts conprising nore than two engi nes, but equally
appl i es t0|ﬂﬁ%ﬁ%ﬁ%ﬁ%c%f pl anes conprising two engines, for which the only

occurrence of a dew ata®npaesowdscriiid,a tieéechiveatengl npplikis ts, as has
been observed, the case for ojil 10 (or other liquid) levels. This is al so
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| noreasi ng Wddh {die NG dindEA s A eg?&ﬁ?gc’&gﬂ%ﬁ%g dagaged; gogi ne, the
gi ne speed, 'show ng the wear of t ue 1 unp. mat hendti cal nodel
coul d al so mmddetchwichh amly occurrence of a deviation accounts

for a defective engine.

This is, as has been observed, the case for oil

10 (or other liquid) levels. This is also the case for
other numerous examples, such as:

the start duration, increasing with the engine
wear and that could show a damaged engine,

the engine speed, showing the wear of the fuel

15 pump.

A mathematical model could also be added, with an
evolution as a function of the use and the environment
of the plane in order to remove any doubt between two
engines the parameters of which, as they do not have

20 the above described properties of showing the defective
engine, will deviate too much relative to the selected
threshold.

Together with the parameter comparison, the
mathematical model could allow to isolate a defect.

25 This invention could also apply to other
assemblies than the propeller engine, such as generally
four-fold flight commands, cockpit closing systems,

etc.



evolution as a function of the use and the environnent of the plane in
order to renove any doubt between two engines the paraneters of which, as
they do not have 20 the above described properties of showi ng the defective
engine, will deviate too nuch relative to the selected threshold. Together
wi th the parameter conparison, the ng%henatical nodel could allow to
isolate a defect. 25 This invention could also apply to other assenblies

t han the propeller engine, suchPBaseganétlaims four-fold flight commands,
cockpit closing systens, etc. 11 Patent Clains 1. A nethod for nonitoring
at least two engines in a plane, conprising: 5 controlling and nonitoring
the at |east tmwo engimeshodyrengmde iBRIiher idtg Xed il ahior engeaeb emgi ne
monitoring calculator of the engine nonitoring calculators is assigned to
nmoni t or G lEMfneEFTPTIEH: | east two engi nes, and each engine nonitoring

cal cugator of Ihg 2noie; 19, §ORALIN Al Gl abers Ars copgeehed g al |
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the one of the at Ieas% two engines it is .assigned to nonitor; 15 one
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out put ti ngs oy e Net ke dr fodrsSteN@i e oFOEhat akeashsenewof dnygnererating
paranmeters for conparison with a second value of a same operating
and each engine monitoring calculator of the engine

10 monitoring calculators are connected to all other engine
monitoring calculators by a communication network;
monitoring with each engine monitoring calculator,
operating parameters of the one of the at least two
engines it is assigned to monitor;

15 one engine monitoring calculator for one of the at
least two engines outputting on the network a first value
for at least one of the operating parameters for
comparison with a second value of a same operating
parameter outputted by an other engine monitoring

20 calculator for an other engine of the at least two engines,
and each engine monitoring calculator outputs operating
parameters to all other engine operating calculators via
the network;

diagnosing one of the at least two engines as

25 operating abnormally, by determining in the engine
monitoring calculators, if the first value deviates from
the second wvalue by a difference higher than a
predetermined threshold; and

outputting a diagnosis of an engine monitoring
30 calculator to another engine monitoring calculator for

comparison therein.

2. A method according to claim 1, wherein each



paranmeter outputted by an other engine nonitoring 20 cal culator for an

ot her engine of the at |east two engines, and each engine nonitoring
cal cul ator outputs operating paraneters to all other engine operating
calculators via the network; diagnosing one of the at | east two engi nes as
25 operating abnormally, by deterniniﬁﬁ in the engine nonitoring
calculators, if the first value deviates from the second value by a

di ff er encealginglders tikansteored etet er memed vt rfesdrottd; emgtheunhpoi t ongna

di agnosis of an engine nonitoring 30 calculator to another engine

noni t or i K§LE&L@&at §P1f BR1NEERFAGson therein. 2. A nethod according to
claim1, wherein each 12 diagnosis is stored in a nenory of each engi ne
monitoring calculator for maintenance. 3. A nethod according to claiml,
wher ei n di agn@ses A5 martdcdi spicyeting o pelaimol, t HeeppaneddprInpPaASNi tt ed

Che” SngPie AELENIy ol SuPhLoF sOfi Shay NG rRur LrAG 10°0 Bindees. 5.

A net hod raeGe@r Githe e cthnal Bthtiwmerein there are four engine nonitoring
calculators that nonitor four engines. 15

4, A method according to claim 1, wherein the
engine monitoring calculators display the resulting

10 diagnoses.

5. A method according to claim 1, wherein there are

four

engine monitoring calculators that monitor four engines.

15



