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It more particularly relates to systems for
monitoring main parts so as to warn the operating
(steering or maintenance) staff of a defective
operaticn.

As a system for detecting an abnormal operation
with a view To assisting the maintenance, an
integrated test equipment (so-called "Built-In Test
Equipment": BITE) is generally used, being specific
to the bad operation under consideration.

Being warned, the plane pilot can avoid making
use of such egquipment, call on an alternative
eguipment, and thereby, avoid a more serious
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
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
referred to by the acronym "FADEC" (Full Authority

Digital Engine Control).
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2 FADECs nonitor each the operating paraneters of the engine t hey control.
Such engine paraneters are conpared with predeterm ned threshol ds bei ng

identical for identical engine configurations, 5 whatever plane they are

nmount ed on. Now, planes have each a specific use, thus nmaking their wear
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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 regquire, 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 use

conditions on their behaviour. All this requires toco

a

good knowledge of physical phenomena related to

them.

The Applicant have tried to find a solution for

25 simplifying the above described prokblem and

consegquently 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

conprising at |east two



30 a engine nonitoring calculator, the calculators being connected between
them by a comruni cation network and 3 each cal culator nonitoring operating
the engine it nonitors, the method being characterized in
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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 socon 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
compariscns tc be performed.

For example, phencomena related to temperature,
engine speed, behavicur and altitude, disturb the
level of lubrication 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.
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The invention consists in applying a redundancy technique currently used
inthe field of personal and 30 plane safety to the above nentioned field
of the BITE built-in test used for assisting maintenance. 4 Such a
redundancy techni que consists in putting in parallel with identical
critical equipnent materials, a nunber n4 so as to be able to determ ne
by a sinple conparison of their outputs, that should 5 at any tine be
substantially identical, if one of themis defective, or even the one that
is being defective and should be renoved. Detecting requires two parallel
equi prent material s,Swhi | @ redlhatdargy detech i veceqguinpients requpnesiat | east

three of them, 10 Here here are man araneters, as. for the oil | eaks in
t he above descrtbed ?ﬁ, F%%gﬂhic%jgﬁgb?ﬁiingF?hElaéﬁect?QBl@ﬁﬁpﬁe

coul d be achi evedeevens, far rudodN-gngisee A ane. LEn U Y, b he-fRgkNe
redundancy technique is 15 therefore used both for diagnosis, forecast and

mai nt enance putpode§iMPdGetdEirar t BOBt ©dng hpkobabtbity,ddtteat Prbpeidbl v,
t he cal cu} at or itori t i i be, ose at actual | arr
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out the 20 conpar ns and es re i ng diraghosis, bu
| atter coul d beheegudlsl ydederitedequt oy avsel fehst andi ngheent nal valayl at or

connected with, the network. Still preferably, each diagnosis of an

"engi ne" ca!cﬂ Qﬁt%%eeﬁ?F%eﬂhﬁyl?hé“?aE@@PvﬁgwarB§t?ﬁ 150heF €995 £y
bei ng i medi attely conmaresh andy et phehtbeiRgestigned while isolating

defective equipment requires at least three of them.
10 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 1is
15 therefore wused Dboth for diagnosis, forecast and
maintenance purposes, together with strong
prchbability data.
Preferably, the calculators monitoring the
engines will be those that actually carry out the
20 comparisons and establish the resulting diagnosis, but
the latter could be egually 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
25 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
30 invention will become more apparent by reading the

herein-under description of the method for monitoring



for mai ntenance or resulting in an imediate action such as, for exanple,
being displayed to the pilot or emtted by a radio at a ground station.

O her features and advantages of the present 30 invention will becone nore
apparent by reading the herein-under description of the method for
nonitoring 5 plane engines according to fhis invention, nade by referring
to the appended drawi ng, on which: Fig. 1 is a first architecture form of
an engine nonitoring systeminplenenting the method of the 5 invention;
Fig. 2 is a second architecture formof an engine nonitoring system

i mpl ementi ng themet kod/iofest hacciomdentyi ong attdi £ ginderisian ,Si maldsf i eg f1 ow
chart of the plane 10 e noni toring nmet hod according to the invention.
Referring to Fig.c 1 dH EﬁJ{hﬁa%ﬁQﬁP PRLP WY Do ﬂgf%ﬁfed in the exanple
of a four-engine plane. Thes @nfigétngr%HQt%‘%Qh&@ ld g, syst e 404f A
engines m, nR2, nB, nd of a plane (not shown), conprises FADEC 1 g

cal cul ators 1mQFl¥PrMNJea%hSh%M|témphgmanﬂléGntﬁ@H|lmﬁthpdes®éctthely
desi gnat ed gifﬁ%ﬁil% m2), m3), m4), or M, n2, nB, m¢ in the
figures. The €re four of them are connected between them via the
pl ane by an AFDX (A¢igni ¢s ikuld s&fhriupdeX)ithettad copmuarcaki engneewor k
5, for exanple, defined by the ARI NC &Aeronautical Radi o _ | NCor por at ed)
standard, eitREPLHFGAGh %P fi ¢TPLARENEENEr ohGed Hdahe %grthéfter

presented 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

moniteoring and controlling system 10 for engines mnil,

m2, m3, mé 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 mi, 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 contrel. The FADECS being two-way
calculators, those ways make it possible to strengthen
the information as received from one or the other

30 FADECs.



comuni cations, or through a pre-existing link of the 25 plane dedicated to
ot her communi cations, and emt data and paraneters fromthe engi ne they
are supposed to nonitor and control. The FADECs bei ng two-way

cal cul ators, those ways nmake it possible to strengthen the information as
received fromone or the other 30 FADECs6 6 In a first enbodi nent (Fig.
1), there is provided a "plane" 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 fromall the
FADECs 1, 2, 3, 4, Zs aifirde em@¢®imeﬂtheFegnaﬁuerthbmeaisep@ndiﬂeéferred

mbodi t, Fi g, t he
FADEC it ha’g 'g'plz%ﬂ@.ts%?fftﬁﬁ ol et R e e Aot Bhapi BinBschpdy Hathgtnis®

cal cul ator 6, m%um&rMSSHQbﬂh%ﬂddlﬁ oy MRlr@ent | REst e nddivet | N. sHgwever,
inthis latter case, all the FADECS 1, 2, 3, 4 are identical and could
S|nultaneouslfﬁ&9ﬁﬁﬁﬁﬁg divi ety @6 th%sfuﬁ@@¢bh06§ ahd: asdiabhl bad

explalned515 , 1 da a t t hey,ar
responsi bl e for addedﬁg i %%%%fgﬁg Egggng ers (enlgi dngy %heBbt%ér
FADECs) recei veed vanl 1t hee eﬁﬂwuwdedihérﬁiﬁmfﬁerst case, it is to be noticed

that the 20 centraH:caIcuIato n only qg the role of an . .
internediary 61 on tHhe het ?&kﬁ Heeat alFaRd phar albt éFs

em tted by th@riéAmCa;r@dsprcﬁplt,l Om,aliy 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,
similariy to the function 61 and as will be explained

15 hereinafter, data and parameters of the engine they are
respensible 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 is 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, md4 of the
plane and performs the monitoring processing 62 which

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

simultanecusly with the monitoring method.



determning 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 available the sane data and
paranmeters fromall the engines m, n2, nB, md of the plane and perforns
the nmonitoring processing 62 which 30 will? be now expl ained, referring to
Fig. 3, simultaneously with the nonitoring nmethod. 7 In step 100, by an
em ssion function 60 on the network 5, the FADEC calculators 1, 2, 3, 4
emt on the network 5 the value V(1), V(2), V(3) and V(4), respectively,
of at |east one oper&ati ageparlditet ebyf an Sertiwes Bngi fieachtionnB0 nBn née

tively, toget ith | i ker "nml", "n@", "n8", "md
o P eepondi wy NRaTTE ai L obASaG e DEu TR LSRR R 25 Bar ANEFAE CPefbfence
P(1), p(2), p(Bswdfid),srespect vwely. The )FADEGd) (I w(3) toadd. orathe

calculator 6, 10 receives, either through the reception and pooling
function 61 foreiRCharahet eP§ e tkeasononhe ontealdrie Tavamneheoudhrt he

function 61 of e DECS, e i m( k (k.=,.1 to
4, k dif?ereﬁ¥&$r%ﬁ$?§é%n§fﬁas évgﬁraéﬂ%f%§§§%%%#%ﬁ%xs %?%Qég%Fegﬁgﬁding
to k =1, 2, 3t ehpistepatldy Byplreartsn2of, t'hesfunthioncb62refpbhaing

cal cul ator 6 ar any FADEC 1 to 4, %gy val ue V(Kk) is congared to the three
ot her val ues 3%k1) For gRLSS4ony adgregs. B ng Hilt f et bt PREMRESBUL

only if 20 p(kKofexddd pthat stows g hat, this) | srihsesaBe1y.
The FADEC 3 (j = 1 to 4}, or the calculator 6,
10 receives, either through the reception and pooling
function 61 for the parameters emitted on the
netwocrk 5, c¢r through the function 61 of the other
FADECs, the triplets V{(k), m(k), pi{k) {(k = 1 to 4, k
different from 3j) 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 © 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”) = plk), that shows that this 1s the same
parameter, but corresponding to two different engines

m(k) and m((k").

Absclute wvalues dl{k), dz(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 dl,
dz, d3 are compared with a predetermined threshold S,
corresponding to a measurement tolerance of the

parameter.



paraneter, but corresponding to two different engines n(k) and nm(k').
Absol ute val ues dl (k), d2(k), d3(k) of the differences V(k) - V(k')

bet ween the val ues of such 25 paraneters could, for exanple, be
calculated. In step 102, the above nmentioned differences dl, d2, d3 are
conpared with a predeterm ned threshold S8 corresponding to a neasurenent
tol erance of the paranmeter. 8 |If, in step 103, no difference exceeds the
threshold S, the procedure proceeds with step 105 w thout any particul ar
action. OGtherw se, the procedure proceeds with step 104 5 wherein the
nunber of differencekfexceredi agephelCBhr eshol diSfkegecnount edcethen, ther

exanple, if only one ifference dl does exceed the threshold S, t event
is stored in %g%%%%?%/gMg"andt $e pprroé:ceé:ﬁ{ﬁee PSSR S th‘thst§5efb5.q%f0 | f
two differencesithoutlZagxceedttbgrihrgshobd.S, the absolute value d of the

difference V(2) - V(I) is calculated. If dis lower then 2.5, the
procedure proceeds Q{t3retep 10Be suireradsee t heoeveds iwdtét ofee i1R4a
menory Msand .} r.ocedyre S weth . t 05. #e hr

di fferences dl, é?ugB g#% h?%ﬁggﬁqtﬁgﬁ Sﬁl#%§§6§$§%%té?§%i% l%%vigsgs from
all the other tipargneters pékcpubyed.dithier,encer hisghesld hanft belyt bheshol d

S, then the engi k has eration or a 20 wear abnornml|l devi ati n
fromthat of t#ﬁ£$§§] ce égléggs exceeg the thresheld S, theyevent is g

stored 1in a memory M1l and the procedure proceed with

step 105,
10 If two differences dl, d2 exceed the threshold 3,
the absolute wvalue d of the difference V(2) - V(1) is

calculated. If d 1is lower then 2.5, 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 8, 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 & 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 s0 as +to better assist the



engi nes k'.

Al'l 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,
25 neans of a display function 63 and the event is stored in a nenory M,
and the procedure proceeds with step 1059 In step 105, the inscription in
menories M, 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 9 nmintenance, and as
the nethod is to be applied continuously in operation, step 101 is again
started. Wien nhenFARDECcal cadt ors 1th@, BetHdodonikorithg btheaepgiipes are
those that performthe conmparisons and 5 estaféish t he resultingddiagnosis
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overall diagnosis to be displayed.

Thereby, a breakdown occurring on o¢ne or two
FADECs is overcome, making the system 10 twice as
secured, or twice "faill operative", according to the
Anglo~-Saxon terminoclogy.

The diagncses of the FADEC calculators could be
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
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
centralizing the processing, it 1is not possible to
overcome 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
safety purposes for exploiting the induced redundancy

of the engine parameters so as to provide a
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20 also be emtted to a "plane"” central calculator for nenorization,

di spl ay, 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 is not possible
to overcone a breakdown occurring on saild cal culator. 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 induced redundancy of the engine paraneters so as to
provide a 10 sigmificant iimgrovemsnit i fint maiagagﬁbslacwwactp tthe
built-in tests for gisiiting the FADEC rai ntenance. been_descri bed,

the invention appl i ai r EF&FSs céﬁﬁflm%ﬁf%ﬁﬁ%ﬁﬁhant?ﬁo eh§Phks, but

equal ly appl igsite-pParageters of planes conprising two engines, for which
the only occurrence of a deviation accounts for a defective engine. This
is, as has been obsdrvetst hecpasteforiloid, tbhe(dmvertiern jzppdies evel s.

o) oS 10008 ] o QLT DUTSF U8, SHBL 2800 HED B BA e
engi ne, the enguﬂﬂfﬁpGEELpéﬂKMMﬁEkﬁfﬁfvﬁimné& theptuelinglbwpuspgifes,
mat hemat i cal del could also he added, with an evolution as a function of
the use and t eﬂ#F? mehe only occurrence of a deviation accounts

for a defective engine.

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

10 {(or other liguid) levels. This is also the case for
other numercus 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 medel 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 de¢ 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 systens,

etc.



of the plane in order to renpve 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 with the paraneter conparison, the

mat hemati cal nodel could allow to isolatela defect. 25 This invention could
al so apply to other assenblies than the propeller engine, such as
generally four-fold flight comrands, cockpit closing systens, etc. 11
Patent Cains 1. A nmethod for nonitoring plane engines conprising at |east
two engines (mM, n2, n8, ml), each P&tengibea{mt, n2, nB8, md) being
controlled and nonitored by an engine nonitoring calculator (1, 2, 3, 4),
said calculators (1, 2, 3, 4) being connected between them by a

communi cation network (5 apdtgash cabgul a&&{lt(olmnré %wla@e rmeht;%beg the
operating paraneters (p, V) of 10 the engine ( it controls,

t he net hod bQQQ?ﬁﬂﬁ%Qﬁn%ﬁl%@@StntWﬁaEth@eﬁwdealm@eﬂmﬁs mﬁ) 2¢acB, 4)

emt (60 g net wor k 5) the val ue \/ | east . one .of

sai d paranetersg%bf?) orMQbelgg B3t &Ted (ﬁéﬁéﬁ%%%e%O%ndlﬁﬂ? *GPER% hose
(M(k')) 15 oft@h&nsaangpaeambm&tdhﬂﬂ@ eaﬂd&ié@oﬁntlted bys,t hey, okhed

cal cul at or :iﬁq%f ﬁ |n t hat, |f a_ val ue (V&E%% devi ates from the
ot her (V(k' )) X et e 2edidrk)2) dBek}o @3nRprC HettHeh hhem
predet er m nedpt by estiehch{Sv 1 onenefwbbe ergi nesy (4 )cd s-di 2g00sed,

2y 3, 4) monitoring the operating parameters (p, V) of

10 the engine {(ml, m2, m3, m4) it controls, the method
being characterized in that the two calculators (1, 2,
3, 4) emit (60 ; 100) on the network {(5) the wvalue
(V(k)) of at least one of said parameters (p(k)) for
being compared {62 ; 102, 103, 104) with those (V(k’))

15 of the same parameter (p(k) = p(k’)) emitted by the
other calculator (1, 2, 3, 4), and in that, if a wvalue
(V{k)) deviates from the other (V(k’)) by a difference
(dl(x), d2{k), d3(k)) higher than a predetermined
threshold (S), one of the engines (m(k)) is diagnosed

20 as being in an abnormal operation.

2. A method according to claim 1, wherein the
calculators (1, 2, 3, 4) monitoring the engines (ml,
mzZ, m3, md4) are those that carry out the comparisons
(62; 102, 103, 104) and display (63; 106) the resulting

25 diagnoses.

3. A method according te <c¢laim 1, wherein
diagnoses are carried out by a self-standing central
calculator (6) connected with the network (5).

4. A method according to claim 2, wherein each

30 diagnosis of a calculator (1, 2, 3, 4) is emitted (61;



20 as being in an abnormal operation. 2. A nethod according to claima1,
wherein the calculators (1, 2, 3, 4) nonitoring the engines (m, n2, nB,
nmd) are those that carry out the conparisons (62; 102, 103, 104) and

di splay (63; 106) the resulting 25 diagnoses. 3. A nethod according to
claim1l1, wherein diagnoses are carried ot by a self-standing central

cal cul ator (6) connected with the network (5). 4. A nethod according to
claim2, wherein each 30 diagnosis of a calculator (1, 2, 3, 4) is enmtted
(61; 12 100) by the latter towards another cal culator for being conpared
therein. 5. A hethady acicer dangetotanyrat ahakABrlchocdlarwiereirn peael
diagnosis is stored in a nenpry (ML, M2, 5 M3, M4) for nmaintenance. 6. A
met hod accor di HJRD &hyEBFr2tBins 1 to 5, wherein di agnoses are displ ayed

(106) to the pilot of embiedodyRchadifAattf 950uRe shaliQn.1 o 4,
wherein each diagnosis is stored in a memory (M1, M2,
5 M3, M4) for maintenance.
6. A method according to any of claims 1 to 5,
wherein diagnoses are displayed (106) to the pilot or

emitted by a radic at a ground station.



