10

15

20

25

30

1 Method and device for monitoring a structure of an aircraft The present
invention relates to a method and device for monitoring a structure of an
aircraft. It is aimed at taking account more efficiently of the 5 stresses and
impacts undergone by an aircraft during its time of use or service life. In
the prior art, the monitoring of an airceaft includes a regular visual
inspection of the aircraft, especially at each stopover. There are also
major ingpegisnanisitgdniverion cemiioriparts sif tivtuadr crbfirasdrcraft
dismounted. In 10 particular, for measurements of solidity, certain parts
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destructive controls, the limit of resistance of the replaced parts is measured.
Their ageing is deduced therefrom and this ageing is compared with an
expected degree of ageing. '

Monitoring of this kind is imperfect. For it does not take account in real
time of the events undergone by the aircraft. It indicates only a partial state
at a given ploint in tin’ie. Typically, the falling of an object or tool, or a
hailstorm on a vital part of the aircraft such as the radome, leading edges of
the wing and fail structure cannot be detected and reported or taken into
account in any way. Furthermore, the major inspection visits, whi'ch
necessitate dismantling and cause the aircraft to be grounded, are complex.
They are all the more complex when the investigation needs to be further
pursued.

Embodiments of the present invention seek to overcome this problem.

According to the embodiments of the present invention, this problem
may be resolved by providing the aircraft with a permanent monitoring
system throughout its useful service life. Typically, this service life comprises

phases of flight and phases of waiting in
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system throughout its useful service life. Typically, this service life
comprises phases of flight and phases of waiting in 2 airports or
servicing hangars. The monitoring system is an electronic system
powered by an avionic electrical power supply. A permanent electrical
power supply, especially maintained2during the waiting phases, then

enables the recording of all the events to which the aircraft js subjected.
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of such an event can provide useful information on the state of the aircraft.
To put it simply, an aircraft that takes a frequently storm-ridden route will
undergo more of these events. It will be more aged, even if its external
appearance is acceptable. According to the embodiments of the present
invention, the rate of these abrupt applications of stress is measured.

in accordance with a first aspect of the present invention, there IS
provided a method of monitoring a structure of an aircraft in which:

- effects of impacts, stresses or ageing on this structure are measured,
characterized in that, to perform these measurements,

- piezoelectric sensors are placed on parts of this structure that are to
be monitored,

- signals delivered by the sensors are read permanently and
p'rocessed in a central processing unit during a useful service life of the

aircraft, on the ground and in flight,



- signals delivered by the sensors are read permanently and processed in

a central processing unit during a useful service life of the 30 aircraft, on

the ground and in flight, 2a - these signals resulting from the presence of

an acoustic wave in the structure at the position of the sensors, to take
permanent readings, an proper oper&#on of a set formed by sensors
connected to the central 5 processing unit is validated 3 In accordance

with a second aspect of present the invention, there is provided a device

for monitotiag signalstieswiddairoraftiemisisingea efevicaceonsieddedsann the
apaigratprfe ﬂ&éﬁ@#%? REQUSHICeagu ﬁ%;&ﬁé’?&gﬁ%ﬁgeﬁd}ﬂ s, an
Impacts, stress or ageing on IS structure’and an embed dewce
ﬂf@m’e@mw@@nuﬂfy af g6l enbeddéy desisnrFhednvesiien gl e central
%r)gﬂ;ﬂpirg 9)5?65% pm the following description and the

ccomp ying figures. These figures are given by way of an indication

and in no way restricts the scope of the invention. Of these figures: 10 -
Figure 1 is a temporal representation of the amplitude of an acoustic

signal measured with the method and the device of the invention. - Figure

2 gives a view, in a case where there are several piezoelectric sensors in
the same zone to be monitored, of a time lag between the acoustic

signals measured enabling the position of the impact to be located, 15 -
Figure 3 is a schematic view according to the invention of the distribution

of different sensors in the aircraft and of the device for collecting signals
produced by these sensors; - Figure 4 is a detailed functional view of a
recording device of the invention; 20 - Figures 5 and 6 show a device for
pre-amplifying, conditioning and performing integrity checks on an
acquisition system of the invention;
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- Figures 7 and 8 show a device for pre-amplifying signals coming from
piezoelectric sensors (trans-impedance assembly) and a mechanism for
detecting malfunctions in the piezoelectric sensor. 25 The principles of
acoustic emission are exploited in the invention. Indeed, with the
invention, the focus is not so much on dhe condition of the aircraft parts,
well after the occurrence of the events, as | |s on tran5| hen men% _
occurrify HttRE ﬁ%%en‘.é,’éti? @RRGPR JERAHIR é?fgﬁgéﬂo eFE?SﬁH Yainere is
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{naterlals are specific metrological items and are therefore articles of
Ihetrimentation. 10 They are designed for the following particular
appllcatlﬁmreafbmleatmpwmam@rtesﬂrrﬁéﬁehawbtf@ evafditiads especialhustic

t s on the sticjty,.fati corrosmn creep
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eohiaiiﬁgs@mﬁrmeuﬁormﬁmmhﬁLn@membbmbmatermbmd&pmé.lecated

monito_riri_.q r%trléct%res sC eer%lg%lg t@%v%"%%%‘é?é‘ i m?(g Itﬁ'n”n%vention of the
distribution of different sensors in the aircraft and of the device for collecting
signals produced by these sensors; .

- Figure 4 is a detailed functional view of a recording device of the
invention:

- Figures 5 and 6 show a device for pre-amplifying, conditioning and
performing integrity checks on an acquisition system of the invention:

- Figures 7 and 8 show a device for pre-amplifying signals coming
from piezoelectric sensors (trans-impedance assembly) and a mechanism for
detecting maifunctions in the piezoelectric sensor.

The principles of acoustic emission are exploited in the invention.
indeed, with the invention, the focus is not so much on the condition of the
aircraft parts, well after the occurrence of the events, as it is on transient
phenomena occurring at the time itself (within the few milliseconds or
seconds that follow the commencement of these phenomena). At the same
time, the invention does not prevent the subseguent performance of the

major inspection visits referred to here above, especially in order to achieve
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20 metal structures, periodic tests on pressure chambers, piping,
pipelines, bridges, cables, - and the detection of leaks. Such metrological
acoustic devices can be applied in the fields of petrochemicals and
chemicals, for storage tanks, reactor chambers, drills, 25 offshore
platforms, pipelines, valves. They carlialso be applied in the field of
energy for nuclear reactor chambers, steam generators, ceramic

bisisetarime doafbrmees T ey atoals @ kagein i aelanadigcand s0aeenents

tr?r%%" ag{%r}gﬁé%r@glﬁjaﬁfﬁratp%é%r F\%B% measurement of fatigue and

Corfgsion, a 0 Eite and metallic structures.
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embedded in an aeronautical, craft or,spacecraft. They are used in
e AT P B RR Aeh ST B SR, A e s @
trantddsiaglatstio teahe gboveatndntiprechpidbiemasbeingestion insemedterial.
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dRBREATED). It is shown in the invention that it is possible to overcome

the e he vibrations of the aircraft in flight extract qQnly the useful
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rayjde lysis fre h ristic e bursts. It
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delawvinatically 15 recognize and classify the acoustic sources in real time,

e SR SIS BREE iy
processing of materials, transformations into meta.i and alloy, the detection of
flaws such as inclusions, tempering cracks, pores, manufacturing flaws, warp
processes, lamination, forging, drawing, soldering and brazing (inclusions,
cracks, lack of material in depth).

- monitoring of structures, especially the continuous monitoring of
mefal structures, periodic tests on pressure chambers, piping, pipelines,
bridges, cables,

- and the detection of leaks.

Such metrological acoustic devices can be applied in the fields of
petrochemicals and chemicals, for storage tanks, reactor chambers, drills,
offshore platforms, pipelines, valves. They can also be applied in the field of
energy for nuclear reactor chambers, steam generators, ceramic insolants,
transformers.

They are also known in aeronautics and space applications, in the
laboratory, for the measurement of fatigue and corrosion, and the study of
composite and metallic structures.

However in this field, as in any other field, they are not known for
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The system of the invention can also be used to manage its own
configuration parameters, data transfer and data storage. 20 The present
invention can therefore be applied also in the field of onboard systems,
embedded systems, electrical, electronic, programmable electronic
systems, equipment related to transpgrtation security. The device of the
invention has functions specific to the detection of impacts because it
bejreyateshedded these mspasts i Tordiisventhdtbam@engrefuneionsd only

. related to hardware and saftwar erational security. These functions Qf .
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Depending on etected malfunction IS i Its nature,
fareattanalyatopf ditp\iisgrarieey wheiackostraion. tihedanbarston 1t is also
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and recording of impacts or constraints. This device comprises Sensors.
refiegBizesans plapriyotlecatoistiaseeicesriieres L Broelldittathand store the

alREIRNICALINAYES R, 985S MBI AR A MSFORUCH, FUEYSIHIS characteristic

data of a phenomenon.

The system of the invention can also be used to manage its own
configuration parameters, data transfer and data storage.

The present invention can therefore be applied also in the field of
onboard systems, embedded systems, electrical, electronic, programmable
electronic systems, equipment related to transportation security. The device
of the invention has functions specific to the detection of impacts because it
operates during these impacts.

To this end, it has generic functions related to hardware and software
operational security. These functions of operational security reside in
malfunction detection mechanisms that are exogenous and endogenous to
the device. The exogenous functions are mainly, for example, the monitoring
and detection of the state of the sensor or of the lines (breaks, short-circuits,
leakages in the line of the sensor and even sensor malfunction) or more

precisely the permanent detection of the signals delivered by these sensors,
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The present description uses the following glossary whose meaning must

be read with reference to figures 1, 2 and 3: - ADC, Analog to Digital

Converter, - EA, Acoustic Emission, 20 - CND, Non-Destructive Control ,

- FPGA, Field Programmable Gate Arrays, - DSP, Digital Signal

Processor, - RTC, Real Time Clock, -Flight Time, to indicate a difference

between a time of arrival of an 25 acoustic signal on a concerned path
tilenraquidaosir of ithse nxiecoh teenextéyn dhisvianic asid eritae tigshivalnef the

ustic signal not ath that js reached first. - time of arrival to
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136 -andopenofaitencitiossiriat soaliiertoberossityingf artirdshedtidy of the

i tayti he first crossing of the threshold. .7 Thus, as ¢an
r@%ﬂ@%ﬂ%hﬁﬁg@%ﬁéﬁ”#e;sﬁegc éa\éigsﬁ'sticos{‘iléﬁgﬁ(rr?géélﬁsetg aftet e@é‘?ﬁ@althe
momierisionathehallffer stetew figthendebiiehdstarstosadiatimpahiagegIts the

i . th I te t1. It hes its maximu
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tanlsaphilsen pigcarsvoifome heigibloskaskaniies dvoatidt@psalBine system

| L r ' t ' t3. The tim
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hwtmé&u@mgg}nﬂd.bm this dreiviaonf the eysielopeDeprendiggain how critical
ufunases I CRRR RUHIRSRa NG doX BERKB I AINRY S 308RAPEded
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the 10 main wave and twice for the parasitical waves. This
negdesolorenaifBer of half-wave signals equal to four. Since the measured

sionalrRdllfyaiseaMRBRIGIEINE MR OUsts: ARty 2Rl RARAIYor the
whose cut-off frequency is of the order of fifty times the inverse of a mean
dagtrelien dgiracessing and recording of impacts or constraints. This device
comprises sensors. The sensors are piezoelectric in nature in order to
collect the mechanical waves to get propagated in a mechanical structure.

The present description uses the following glossary whose meaning
must be read with reference to figures 1, 2 and 3:

- ADC, Analog to Digital Converter,

- EA, Acoustic Emission,

- CND, Non-Destructive Control ,

- FPGA, Field Programmable Gate Arrays,

- DSP, Digital Signal Processor,

- RTC, Real Time Clock,

- Flight Time, to indicate a difference between a time of arrival of an
acoustic signal on a concerned path (on a piezoelectric sensor concerned by
this part} and a time of arrival of the acoustic signal on another path that is
reached first.

- time of arrival to indicate a time corresponding to a last crossing of a
threshold by a signal,

- number of alternations, NA: number of crossings of a threshold by
the signai starting from the first crossing of the threshold.
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burst, it is possible to extract the envelopes from the half-waves. 15
Furthermore, the signal has an absolute positive maximum amplitude and

an absolute negative maximum amplitude, called an absolute minimum
amplitude. Figure 2 shows a flight time (i.e. the difference in time between
the starting points of a wave, betweer the first wave that has arrived at a
first sensor and the same wave arriving at another sensor. 20 Figures 3

to 5 shbusa systeancdmprisiag softfigreeant, hardwassurethparmmtcInsignal
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theridgisier) Dearsgnatass el esianpifienie $hifsid o tieeviziaitydé tabout
169ﬁ§9r3ri'1ePdSFSE%WyofIWﬁEegFm_ Lerdy Aplfiersintearated g heime

apparatus. The sensors 1 are distributed by zone In sensitive areas of the

thirdrag, tiepdsiAnrtasee sty ingitides iveteliiast hrie) rddmtientaiesdtimipst
cRSaEsPEpiFaf RaARe é@bﬁsctmh%ga{ﬁ?a%HN%@t%U&?ofyg'gﬁﬁggs%na|

three zones. 8 For example, 24 sensors are distributed in eac our
cabnatesz fhidisTarsadufivaery risalferdhivipiasstsaiwmaeiuted far the

nRIRe(i/Rea SIWRYE Ve P eabdisiancrad M-PRIRLTALIEIRRRANGLY 1o o

the size of an aircraft. At reception, they mi%/n_ be demodulated, measured
NWRES RS albuERarsigsRis B8y &g SriftceHbpimeasuredsignehis at
hihe delabarstenamietHbenlrars e diRA SUBGHISRE4EP IHoe!f cut-off

transmits the data to'the memories and controls the strategy of detection

freAHRNMAIRIREHHRS AR o8 fifl¥nimep ther Birriisgiafnv e tsorsisiinnpes a
bfstloaging apdygsrsding obxipizdainandniidigpaesambrits dierlay thiives.

signal 3 processing unit 10 comprises analog/digital converters,
Frithesmaeess tpaignatinasan lytes pgsitive maximum amplitude and an

absolute negative maximum amplitude, called an absolute minimum
amplitude. Figure 2 shows a flight time (i.e. the difference in time between
the starting points of a wave, between the first wave that has arrived at a first
sensor and the same wave arriving at another sensor.

Figures 3 to 5 show a system comprising software and hardware
components. [n one example, these embedded hardware and software
components form a piece of functional equipment.

In this equipment, the piezoelectric signals of an acoustic nature
detected by sensors 1 are converted into analog electrical signals. These
analog signals may be amplified to voltage levels usable by distant
preamplifiers (preamplifier/analog conditioner) 2. in this case, the
preamplifier is shifted to the vicinity of the sensors 1. Preferably, they are
amplified by amplifiers integrated into the apparatus. The sensors 1 are
distributed by zone in sensitive areas of the aircraft, especially those
indicated here above: the radome, the leading edges of aircraft and the tail

section. Figure 3 illustrates the monitoring of three zones.
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Each event in the structure of the aircraft is detected, time-stamped and
described essentially in terms of amplitude, half waves, energy, build-up
time and duration. As the case may be, the frequency spectrum may be
15 measured. The bursts and the parameters characterizing an event are
stored in output buffer memories of thg signal 3 digital processing unit
pending transfer to the master processor. The supervisor 4 serves to
coordinatedkerapieropdatereanngod dditdrifratedhinsigmeth odidiial sensitive
SS] it i ingle datastream towards buffer 20 memories and
B R e S B D, e T R i
cquastitdsoiaagae Ihdishiagoest{d twot-50sndfcopersomadicontputes alize of an
' o] . 0ads and transfers data from the device to a
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inliesigynael 4t oassidsplal. 25 maritordtafrdats Sesrinhat/digipaltsystems are
toperatl ; ial iguration and calipration of the, parameters
R A e, PRI LR G S e
rmeeedies entheonieosuthtstargyent. tdategawsiblettedefaiitutions in the
eshold q)mlalrc g 'ﬁ ' t signal, the threshol
Sggéring diﬁe?g?gependﬁ%gdorﬁﬁiﬁélr%h%}%?ﬁéjrlg%t?sei r|']§§'§ !ﬁ i F?tnorrigczi)tr('(;&ljg ng of
thigndatal ainthe rowsesasry vitsastiseiaighdrisigrsagrtare8hgitbisessing  unit

cdaigrBined,aaJrligignals, Abave s ﬁtmélsﬁﬂ%%tﬁn @g%@iggﬁéﬁgés and/or

produced. In the'invéntion, a system o urther below called a
Dﬁé’@e of equipment or an apparatus, is implemented along with security

functigns At otis 63N RG-S SGH Y fHG&F&H%é@e@%@dﬁ&&%%%ed
attain a state 5 of security for the equipment or to maintain such a state.
ad@esetinRt erpritibnly AnclesR) 0t @ forditiieyda b uttivient éagstyf build-up
it j S Of electr r ni [ i
R AR e R o T RNIBM SIS S be
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stored in output buffer memories of the signal 3 digital processing unit
pending transfer to the master processor.

The supervisor 4 serves to coordinate the appropriate reading of data
from the signal 3 digital processing unit in a single datastream towards buffer
memories and large-capacity bulk storage memories enabling the system to
take in large quantities of data.

The diagnostic tool 5 is of a personal computer or microcomputer type.
It downloads and transfers data from the device to a large-capacity memory,
typically a hard disk drive. It may generate the display of data on a display
monitor. It processes input/output operations, especially the configuration
and calibration of the parameters of the apparatus, for example the threshold
vaiue of the threshold SEUIL, the value of the time out after an event. It is
possible to define the threshold beyond which it is decided to measure a
signal, the threshold being different depending on whether the aircraft is in
flight or is at a standstill on the ground. As a variant, a higher signal

threshold is determined and, for signals above this threshold, an alarm signal
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10 following monitoring and diagnostic modes of operation. The
monitoring mode encompasses the following functions: - functions of
detection and classic computation of the event parameters (number of
sensor and channel, flight time, duration of the signal, maximum,
minimum duration of the signal, energy, number of half waves, 15
build-up time etc); - self-test or monitoring or security integrity functions for
isepickdonmetlile constituting the system to detect malfunctions exogenous or

endo S e appa . - functions of recarding and time-stampin
acoug |c? gt\g/e'ﬁtgserﬁE e%h%l é%@% ﬁﬁ%?ﬁa'iﬁal Hr’ﬁ:}?gne%vr\fn%gl ee8 saeli\}/%%(é% of
etifie whte egquipnatantdurciionscoheatedralsmgissitn secthidsistetions at
lal us ar.b i lor wirel .
A Bl 78 Se ity TR A PR R er i itain o et
okeseuritdignaltbes enuipgenbooninenaindains stolira sstdter weleisss@surity

ations. ; ion. This i ; _
R RS B¢ A, ARG TR qpsgos o
elsgdricapendigaivtie SErioicaEEsBRibe nesfohononss thteaparatasiisvare

oL 2Ratle pleuneoecn douraaced Rages, Tneglaonosic made

consists of a reprogramming o em for 30 the calibration of the
parami&efdiarentbr thinstaidemrobfthatdeeatioandomananstidater afia, the

fOMRAAMG IShiBrABANRIHA0nd k- atuayages oL faRdvention are

especially the following: modularity of hardware and software architecture,
interchBRdBabIitRyiS hedesiBerprRRINRING dodapdoayocienty
upgradeghoydicsadgitiaigb e iPHRERIS BRAANIVESS A CARAEIN L0 f8UET ent

the size of the system, 5 monitoring of the mechanical integrity of a

ParATBRIR SHIvUGRen OfhRepRasesd Chpansliol@isiiaes eusalien Phéhe signal,
rfHRFHOMOTMARIGHN RRsERIOR BreuBRtRaetRt BJURRIIPBES of half waves,
build-up time etc);

- self-test or monitoring or security integrity functions for each module
constituting the system to detect malfunctions exogenous or endogenous to
the apparatus;

- functions of recording and time-stamping acoustic events, internal
and external malfunctions during the service life of the equipment and
functions of data transmission on the system digital bus or buses or new
means of wire and/or wireless communications;

- functions of communication or data fransmission on the system
digital bus or buses or on new means of wire andfor wireless
communications to a distant station. This distant station may be a diagnostic
micro-computer or any other apparatus on the same system bus.

Depending on the seriousness of the malfunctions, the apparatus is
also capable of working in downgraded modes.

The diagnostic mode consists of a reprogramming of the system for
the calibration of the parameters and for transmission of data (event and

malfunction parameters) for analysis.
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validation, a function of operating safety and a function of power supply
management. 10 The validation function is indissociable from the function
for the detection and computation of the acoustic event parameters. It
increases the credibility of the measurement. It necessitates questioning
the conditions in which the measure%ents have been made. In this

respect, these conditions are also measured and associated with the
meastitemenisantdbesetéctittt 1maentistic eventespbeifiigctivr offollowing:

operating safety can be subdivided into functions . relating to safety oy ...
B L ke A i S AISLIGSAUEE. (Ve gpapity of
piaterslziotiie wes)soembries chphaitiorfof theipgocgsgadett)ianthe addition of

% naous disturbances (electrostatic disturbance, power supply. cuts
pgnrigﬁo%%%ugsn,édac?ﬁggresd (%bfzea w?l?ﬁypégiti(/%&%%‘ﬁst 5d allzoeﬁn égﬁs’system,
mehotoengufsthe peectieniis| idtegaibe dfserdarsjuidhtbmegisoce thenpisases of

ement of the capacitance characterizing a piezoelectric
Ogé?%%ﬁ&#egs%:%ﬁlﬂ gerjt?aﬁ{en to this end correspond to Boolean
measuremiamistion resutterifthengstypambyolignbopasiogdtimroasfunction of
Ing.0 iLpatyre. In.25 or validate the consistency of
LR Sl R I R S sueoy
matsedm@mbfirmation of the malfunction is obtained after several

OCCUR@IICES, jHAG: %”‘%Hﬂﬁt%}{“?é“e}ﬁﬁ@g&i%[)‘ig‘? Hﬁ?’ﬁertﬁé'pﬁl}ﬁ&?ﬁi%srofhe

the conditioning of the external power supply with hardware components
delettine Bodstorgetatiarparitbethroastiteanigrgremelersneligy cesases. the

crEbfﬁ)ﬁﬁﬁ%viﬁrh&qug%%%ﬁgémhq%@é ifdE &E%W%ﬁ@'cegggons in

supply.’11 rchitecture of the apparatus of the inventi
wbithghserieasuremeartsfitare Befsumaddulds. thisrespedulthsse conditions

arl9nRIPHISSESIHAY mﬁdg&&%ﬁt@ﬁ%@%&'&&ﬁ&ﬁ&“Bm%uge?%&ed

processor module CPU, a thir e IS an energy monitoring module
apposliTerans, a fourth 5 module is a power supply module POWER

SUPRLE function of operating safety can be subdivided into functions
relating to safety or integrity of the data against endogenous disturbances
(overflow of internal queues, memories, behavior of the processor etc) and
exogenous disturbances (electrostatic disturbance, power supply cuts, micro-
cuts, damaged cable links, positive leaks and ground leaks, short-circuits,
open circuits, damaged sensors). This measurement is made by a
measurement of the capacitance characterizing a piezoelectric sensor 1.
Tests undertaken to this end correspond to Boolean measurements or
results. The tests are cyclical or asynchronous depending on their nature. In
order to validate the consistency of certain measurements used for the tests,
these measurements are filtered. Confirmation of the malfunction is obtained
after several occurrences.

The function of management of the power supply consists of the
conditioning of the external power supply with hardware components and the
storage of a part of this external energy in an energy reserve. This reserve

can be used in the event of a break in the external power supply.
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The signal-processing module groups together the piezoelectric sensors
1, numbered Sensor 1 to Sensor n, analog chains associated with the n
sensors, analog-digital converters ADC 11, an FPGA circuit 19 which
carries out the real-time, parallel processing of the measurements and the
10 extraction of the parameters from 1the acoustic signals. For each
sensor, the device of the invention cor%prises an analog conditioning

chainTheedenaniipalagichelds integs aepdriahedintahedaviess denritbBses,

computation of acoystic parameters and is not associated with a distant
85 00 Bl BUTR the AL HES o ol eIt AR 1983 -Processing

n@tﬁiaiee&b@ﬁmmtﬁ*m%mn/QQ@ﬁ@@bmgwaﬁ@tﬁldé;iﬁgarg@lc@mﬁfi?ﬁ@duie
follgwing in cascade: a 1/Cn selectable gain |loa ifier 6, for
D2 B RAETS 5t S RO R e e T BRG, ourth
nittgnl@ vgith pooudradligpdy uendyl §eOWERIHIP2 b¥ndpass filter 8 with a

cut-off_frequency, 20 programmable according to the type of piezoelectric . .
onsol 15 THE HR A Aier S HE SURBH by HeBRE of el RFrREEC e
sbysoears olimisaledt@eswiichi doaJefidype aaakisiochlinlsaswscmiadByith

20dB, 40dB, 60dB, 80dB. selectable gai plifier 9 i rto m the .
R AR TR aNT e ) b bAeat e S GHH 5 Which
cMtizsaatitaliesinepRbifike rpbaildled ook psiragnpfiftbe b netisamsitiie 4od the

t distance/attenuatian like the voltage preamplifier 9. The
e%i%?g?ﬁa?ﬁ%hﬁﬁ%ar%aé%@rr}lgomgtﬂs%réligi |l\J/ﬁ§/lCo1s eag?gnal independently of
the diftaneadf tsenpizdéle otidyisensortteethin yaetonpidten Srise ordar fmalog

SR RO R SR e
deaim@o@d@emm@%moﬁégm@s@ﬂs ipecamptaiisgahdniswithit tassugtated
e e e S DR e
dete-leecWingdesiabie multi-vibrator assembly 13 is also used to verify the

An analog chain illustrated in figure 5 comprises the following in
cascade: a 1/Cn selectable gain load preamplifier 6, for the sensor n, with a
fixed cutoff frequency 1/RnCn=20 KHz, a high-pass filter 7 with a cuf-off
frequency fixed at 20kHz, a bandpass filter 8 with a cut-off frequency
programmable according to the type of piezoelectric sensor 1. This
bandpass filter can be shorted by means of a relay made by means of a
selector switch or a FET type transistor. It also has a 0dB, 20dB, 40dB,
60dB, 80dB selectable gain amplifier 9 in order to make the equipment
adaptable to different types of piezoelectric sensors 1, a 2 MHz anti-aliasing
filter 10. The load preamplifier 6 is not sensitive to the effects of
distance/attenuation like the voltage preamplifier 9. The load preamplifier 6
maintains the sensitivity of the signal independently of the distance of the
piezoelectric sensor to the preamplifier 9.

In order to detect the defects of ground ieakage and the defects of the
voltage power supply of the amplifier 6, comparators 12 are made. These

comparators detect useful voltage levels in comparing them with the high and
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value of the capacitance of the piezoelectric sensor 1. A measurement of
the 5 capacitance of the piezoelectric sensor 1 enables detection of a
malfunction in the sensor 1, a break in a line or a short-circuit. This
multi-vibrator is connected to the sensor by means of a relay. A signal
delivered by the multi- vibrator 13 Prq jdes information on the state of the
sensor. The load preamplifier 6 (figure™7) is a trans-impedance assembly.
IcvisolkBgeeanTidierepovenisehasiantins dons grneiaiedy thesersrique

into a proportional voltage signal. A relay 16 formed by means of a
o e K U er IS IS ouiEd G s s

feedbaAckioinasitableisedtheisiatior seeatischary® of aselested aapaeiy the

14 Cn.and therefore for preparing the apparatus. A selected resistor Rn
VBl R GRS € TR RIS THTCAABRAG b HRBRSL ARt the
capatiaifde giicheypldRndlacanc senables protiddessdefiddfisriaba avaitiediion
. The gain of the load preamplifier 6, 1/Cn, js selectable hy means of relays .
S R & PEFR bSOk e o FIS i brater i
cdiffereietcptivitaeCiol by otz aslapmbidapreApanes detvdesdodyatiaaenulti-

S and reduce errors of PC or AC ower supply shifts
V}c?a%@d%n I#]valfl{} fas currenta. I(r:'1notrF(§eerS (gg@oﬁr%ﬁ%aﬁﬂfﬁ&ions in the

sensorb®fabd pystenplifier &sdagubdy7)sing Bansrogtablene lbisgbnalbdy. 1 This
' is inserted by direct- action, switching. This,monqstable ,
Pl R & S O R Y S eos o
prementia el dinbaerigeigorh thaitaigyetigdpis2s senheadhe tfpaisaleftiveswitch
 CitCUit 17, j [ erence. resistor placed. at two. . .
oSN SRt R SR
uggsbibeseindor thaslikateargehef vateleoteccoppaditarice ©h drel therefore for
' lechr IS pr, ' t rgtion.of the square-wav
PREAIREINE SERads e SR et R Ll R R Ry e
c3patitosdrts b foxinthe highapaetsiitter vothlidiondebif racaldy YRnCn and
eRAPMESIHIEHIE 31‘3'(;'! RSRASINR SRt ndIgs 2k tﬁg%%}ﬂ%%/gr'ﬂgﬁgier 6,
converters sample the
1/Cn, is selectable by means of relays (selector switch or FET transistors). A
different resistor Rin 15 and different capacitor Cin 15, both adaptable, are
placed in order to balance the assembly and reduce errors of DC or AC
power supply shifts caused by input bias currents.

In order to control malfunctions in the sensors of the system, an
assembly using a monostable muiti-vibrator 17 (figure 8) is inserted by direct-
action switching. This monostable multi-vibrator 17 delivers a square wave
with a width t proportional to RC when a leading edge (or a trailing edge) is
sent to the input A of the latch circuit 17, a resistor 18 being a reference
resistor placed at two terminals of the monostable multi-vibrator adjustable
according to the type of sensor considered. The value of the capacitance of
the piezoelectric sensor 1 is proportional to the duration of the square-wave
signal. In measuring this time t, we obtain a value of the capacitance C of
the sensor 1.

All the n channels are conditioned in parallel by n converter circuits
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information from the analog chain with 16-bit precision at a frequency of

20Mbits/s. The converters are of a parallel type. They transmit signals to

the FPGA circuit 19 by a 16-bit data bus. The signals are accompanied

by a 5 valid data signal. The FPGA circuit 19 is responsible for the

real-time, parallel processing of info rgation as soon as a programmable

threshold is crossed. The measurements processed by the invention are
sasbeaiallbretheirﬁmhlinvﬂimg(ﬁgi)&tirﬁg tﬁemeva:malﬁgudwi:@ thervateref sample the

ister incremented b OO ns - Path number -
qf%gra %n ofg{ﬁe s?é]nal x iAo %h nﬁ? 53 FRER B @r(grses%&é‘%\" of
2Hdihséshble: cBuileligptiare th@mmﬂm Hre=FPBACiranis hd Euﬁl’r@i@a) the
n,of , acoustic events comln%from an |m

P R R B e R RTE S os g 6

rea -time co putatlon 0
v&hﬂbl@ie eiggrdk. The FPGA circuit 19 carries out a function of storage of

the te%or%rﬁg@ﬂtf%&&RP%A é% cn}/nsrb?t%f)h he FPG C'réu'tplgallel

for the recording of the parameters even e Use ofegu
pmemg%qﬁdﬁmm%eraﬂwemurageanmegmmhmatm!eattmhehtssmrossed.

3 is tog 25. I hy. .
TE%?&%F%%? r%@tré[n ry is |n§ mf m%ﬁ? he g ﬁg%%%%%ﬂ% h)é/ F@(I:%\r/\ang.
informadieing wSI@M@mHWWmémWWM RimdgBtectimredoented by a
155)%9{%*& and power supply chains are driven by the FPGA
e

circuit 1 y afe integrated into one and the same component. 30 In
the diajatstisimbee, the system can send the FPGA circuit 19 all the

paramggfgtﬁ?gft%go%p acoustic parameters.

- Maximum

- Minimum

- Number of crossings of the threshoid

- Build-up time

- Flight time

The FPGA circuit 19 fulfils the function of real-time acquisition of
acoustic events coming from an impact and real-time computation of the
parameters characterizing these acoustic events. The FPGA circuit 19
carries out a function of storage of the temporary data in a DPRAM memory
internal to the FPGA circuit 19 for the recording of the parameters of an
event. The use of such a memory is judicious when the storage time for the
measurements in Flash EEPROM type non-volatile memories 23, is too
lengthy. A DPRAM type memory is indeed faster then the 70 ns needed to
record information in a Flash EEPROM memory of this kind.

Functions for monitoring analog and power supply chains are driven
by the FPGA circuit 18. They are integrated into one and the same
component.

in the diagnostic mode, the system can send the FPGA circuit 19 all

the parameters used to compute acoustic parameters.
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14 A reset signal is available to reset all the latches and registers of the
FPGA circuit 19. This signal comes from the processor 20 (figure 4). The
CPU model brings together in a group the processor 20 having a
random-access memory or RAM interfacing with it, a FLASH type bulk 5
memory 23, a clock management mq%ule CLK Management 26, a reset
module RESET Management 22, peripherals RTC 27, an EEPROM 24, all
these/eleraentsdrein s covaititd thresgh alisimehsonioss sataldyisicefdef the

essor arries out operations,of loading and confjguration of the
FE;I§ AC'E:?%%LJ%%Q?P()E%%%Q&& A ?{het EFEREHY %}g 'BUiK mory
23 or TioEEPR @M dst, Hrowgsttegetheading githepkihil preseasyuiora having a

RBIEAR RS, R LA Bl

e acquisition cha mth 0
nfeone the2doritolingk om dreagemensupplyueuttiel dvidthgatating athe reset

tyi value of the clock .15 A
e R R ] 22 RUBB SRS R1C A 0 Bl . =
thaseFeienanitsuhdiogircontectedvititeahgheighs yratameders farsadugathThe
f . . G r 20, reads the eight
P B A BEE el RRERE A SR R Y ey o
cibeiit nénfory2Bamiastein eipsize iof the TRRAN if/pebitrally . A6rivdged3 or

i (ate Of d i iting.o in the Elas
oA 2 (PR T SRR e MR 15 oo tne
rasierdspestoitgriceerivamifram thaecielneleintegritp nbeaktioé inpactysition

Cfts[})é&w ol %@Bﬂ%i@%ﬂf]ﬁg fgﬁggqﬁzﬁ%%ﬂa)nfgmggé%f%%s S{ rg?é‘@t%rmg of

RAM depth greater than thésize of the data Impac
they prewebsehmio soetves mirk Wetiwfiobteé RGN @Ichit I9ardribeal of the

vagadinam thspregesssr 20 is in place (address counters). The DPRAM
Kk

eeps the acoustic events and the types of malfunction that have taken

placel ienféRdAMAIGHg iRh topibee bPARgritculiedR insommatiosibiatingthe
ing%niﬁ?ngg%%‘é@r@é‘%e SAVERsVateRsA TG RRRAM if 65184 by e o e %Light
parameters for each path by means of the processor 20. The processor 20
reads the eight parameters for each path so that it can then write data to the
FLASH type bulk memory 23. The memory size of the DPRAM is arbitrary.
indeed, the bit rate of the data stream during the writing of the data in the
Flash memory 23 (of the order of 1 ms) is far greater than the one

corresponding to the minimum time between two consecutive impacts (of the

order of about hundred microseconds). Arbitrarily, we shall take a DPRAM

depth greater than the size of the data for 10 impacts.

A system of control between the writing of the FPGA circuit 19 and the
reading of the processor 20 is in place (address counters). The DPRAM
keeps the acoustic events and the types of malfunction that have taken place
in memory along with a piece of integrity check information relating to
checksum type saved values. The DPRAM is tested by the processor 20 in a
reset phase.

The computation of the acoustic data extracted from the bursts is done
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30 reset phase. The computation of the acoustic data extracted from the
bursts is done 15 from registers. A register SEUIL (threshold) contains
the value of an arbitrary reference voltage chosen by the operator
according to the application. It can be planned especially that the value
SEUIL will change depending on whgther the aircraft is in a waiting phase
(or even a servicing phase) or in 5 flight phase. The parameter is

frorafesglsierefined gigtingshel degigrispaacdntingdhecatietiamrT Bisitrary
e{f]%rameter Iﬁ stored in an E ROM 24. This p ramet ttE}?nan be modified

SN KR RAG P SENG M G NS FTAREE R Pt FeBlicai, 1t can
béme aanstardspbighilg theadutadionanhe SHIDY wintiowhats stidisgnding on

ow (figure nables the EPGA circuif 19 to determine, in 10 real
W T 8 UGB P R by RV TR LS dee) or i
ﬂzgkﬂremtmmaof Pheapmtareihdsyphateobiing degintat dligywirddesigning and
rame deflned during. the des nin ring
O L T AT R DA i This
panamimteﬂ'@&ﬁﬂfinmchﬁ&daﬂmbagrsm@ m:ﬂtm@ sﬁealomsﬂn@@é%r TDUREE
h e wind w 15 TD ains, active nd c activated
(SRR e NS g R RS s Sl e Sl WiRdow.
TWmﬁhW@WIﬂE@Mdfl@wetN/medablmthe ¢rBSahgiofwittesbalid ey tiine, in
C slan a C rl e tlme TD REE. Thi rameter is
re ore %hﬁa]%é%éBF?(g%l% Z'éfg %%gs%pagr%r%e %r 8al e modn(‘a eg%’h %gﬁ{?ﬁgss’ of
eloeating sthifenag@iknegisiee cataing dheingdgistealob i WNEM TIHEREE

e o e e e o SR a8 SR Sprtior

DWHBEn Hnisomdifieblr tbrisigbttuteld catiagathtite fdltmwigdampBs REE is

o R S ST RP g o Mbiow
Tridohds adminandaiitenahdrechas ot reectivatgdsigoalaipvastibere is a

cn’(T%Elﬂbo'Sf aacwa%?@wewé%@%%{@t ﬁjgnsa? long i E8U S bUREE is

MAX has not reac e window va
deactivated when no crossing of a threshold by the acoustic signal has

occurred during the time TDUREE. This parameter is stored in an EEPROM
24. This parameter can be modified through the locating station.

A register contains a window value TOUT _MAX. The window
TOUT_MAX is a time constant corresponding to a range of inhibition of
acquisition enabling the secondary echoes to be inhibited. When an acoustic
burst is detected on a path, the following samples corresponding to signal
rebounds are filtered. Consequently, as soon as the signal on a given path
ends, i.e. when the counter TDUREE reaches a limit, and when there has not
been any signal above the threshold, a counter TOUT MAX is activated. So
long this counter TOUT _MAX has not reached the window value
TOUT_MAX, the FPGA circuit 19 does not take account of the samples on
this path. This parameter is stored in an EEPROM 24. This parameter can
be modified through the localizing station.

The parameters of acoustic events must be immediately recorded if all
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TOUT_MAX, the FPGA circuit 19 does not take account of the samples on
this path. This parameter is stored in an EEPROM 24. This parameter can
30 be modified through the localizing station. The parameters of acoustic
events must be immediately recorded if all 16 the sensors in working
condition have reported an acoustic ;clrrst after the crossing of the

threshold SEUIL. However, it is possible that certain sensors will not
tnepserapravienivbedayseootitisensardafgsh aebiegausectfsan Bxaasauaithe

R ST e A AR T

wildefirtitedporhis pazsendtdbeceaspubé b g dinsprodersar 30 eorth® of an

values. of the registers TDUREE and TQUT MAX stored in the EEPROM.,
S RSl e are B n Tt sos v g (ke Coretion
withrrespoiidsiep /Ol AKX RE EnafTbe BybaX) doésthetnwaibésobn event

, T iti dtoch terize the end of a act and
e S B R e A e eSS A B A appes
op die isedistiersd THYURAditod CUNIN. bt/eXCeholitdnCHN EEFRCGMiRérand
t ' e if. the.counter. has reached its
e B A 1 o T e EatRentiRgs o
(mhAhxi dEBIBEESwHidH ThdldigdnHadtereadybleserd phtivakterized, and if
th . its limj T, MAX, th e condition
Connbe PR e B aaB R e end 68 1P Reana the
agHyosaatiesad\ibe thempusations, ahth# ereosistiabiaasrbetars barackehipadh is

O e SO 8 o, e
thensignakdrescheed velrtiadg P 1hensblestartdapoed et lgitimit TDUREE
o S o Lo o oI gt e Trh e for
whichy BicalBfanBE M ase precshss epprkingresisoietidcramnhd2thpracasder has
AP IRIER R4S REUSE RN S e NDHENAIAND 1 s fulfilled. If
there are paths on which there have not yet been any samples over the
threshold, and if the signal has been characterized at least on one path and if
the counter has reached its limit stop TVOL_MAX, then the condition COND2
is fulfilled.

A Watchdog function referenced Watchdog 21 enables a temporal and
logic monitoring of the sequence of the software. The Watchdog 21 is a
circuit enabling the detection of a defective program sequence of the
processor 20, typically when the process is working to no effect. The
processor 20 must emit a pulse at a determined frequency toward the
Watchdog 21. In the event of malfunction, the individual elements of a
program are processed in a period of time in which the clock of the processor
20 shows an anomaly, and the pulse is no longer emitted. This activates an
interruption of the Watchdog 21 with respect to RESET Management 22
which processes the nature of the reset and re-initializes the processor 20.

The identification of the type of reset is managed by the RESET
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Watchdog 21. In the event of malfunction, the individual elements of a

program are processed in a period of time in which the clock of the

processor 20 shows an anomaly, and the pulse is no longer emitted. This

activates an interruption of the Watchdog 21 with respect to RESET

Management 22 30 which processes @e nature of the reset and

re-initializes the processor 20. The i&entification of the type of reset is
Muaanggetchy thoRESEDR 1ih Metagemerdtorodule 2i2hn erderdoparatus was
" ‘sgt%er,&r%ipe why the apparatus was rebooted. The following cases are

VErfied: - re-establishing the external power supply after the apparatus is

5 conithetédyfituvinepoaff €disceweeifikah of the power supply, cold reset); -

re-estahblishing,the, external power supply before the agparatus is .

= ~esngp§f(1ﬁ? 3 e%%{%grr OLfc#ver sugrpll)ap | ’rh 5'[1? o gé)ts);a_ratus is

completely turne disconnec he pow

cRupdetialy, tRESHE Dficalisechby ciiveroditoé nedreshisgpef YV atdhdegel

which may, tnal gr.in : 10 - el caused by a resetting of the .
extorial e RO U e o e P e B T A le
canenteisy quenask ofin disneroefiactiohtheThoweResppy, ehot Reseey-On
ObservatiQns: inal r-o QM aCCess 0,

crased S S L Y B ARG ESHTRS B Ehog 2
witiemorg e ks edtaesdtaniptidraata, reported error - shutdown procedure -

SHUTRGNE Ry pyoloraldiantRSMEE RPN BABIIONRSIRSS o1

memory erased, resetting o O error repo power supp

cEaise ety b efaesdt power supply

The following are the consequences in terms of functions:

Type of Reset Type of Power-On Observations

Power On Nominal power-on Random access memory
erased, standard rebooting

W/D occurrence None Random access memory

erased, resetting of data,
reported error — shutdown
procedure - SHUTDOWN

W/D by protocol Fast power-on by protocol | Random access memory
erased, resetting of data, no
error reported

Reset power supply | Fast power-on Réset power supply
level

The bulk memory is a FLASH memory 23 of a size sufficient to
contain the hardware configuration of the processor 20, the starting program,
the application software, the set of recordings of the acoustic measurements,
and the recording of the malfunctions other than those of the bulk memory.

Cyclical tests are performed by the processor 20 to validate the
integrity of the data.
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level 15 The bulk memory is a FLASH memory 23 of a size sufficient to
contain the hardware configuration of the processor 20, the starting

program, the application software, the set of recordings of the acoustic
measurements, and the recording of the malfunctions other than those of
the bulk memory. Cyclical tests are pggformed by the processor 20 to
validate the 20 integrity of the data. The EEPROM 24 stores the
configDhatiEEBﬁi@Mei@rstﬁmemﬁmcwﬁﬂgmurpmemétéﬂﬁ filvethe acoustic

%e eters sed Eomthe self- te?ts éthresh ers %?8mﬁtor 9Qefllter8

cts o bu'? ory efective sec
etm))mmsetmeetstbéat&f&s&mﬁmlmlmnidmeﬂmgy\(mmmtnﬁereadmgf@muage

(infor n fpr the integrit he values s 5%! the . e
checkean st e 1 85 e Rl earSayrscaripe,
reayingh rshmoagﬂh‘équndtm mcemmmmRMM@W@ﬁtmdamssd of
ntsi rt ranysiorage, of evarlable
ekl R e S R B e, e B e
obgsiegirsueyssr 20 to check the validity of the RAM 25. Cycllcal tests
consishgl ARUMGcLRad Al RACAd el EXRPACLILIERINGS of
memory zones an stored values (information on chec sum type in egrlﬁy/
seffisirsifsizpeisagdar tadutes)oDhese sterrgere timplenieaidijthe software

aﬂﬁom@%@ﬁ%%%mﬁm%%%@%ﬂ%&s ?g}ﬁgtg}%ry ffunction l)gr |nt th{?essor 20

dressing, writing, storage (checksum type in ormatlo
tbsakomstoriitiig wéstheniRAdddify. Thyaical Nestagemneist m@cﬁﬂe@ﬁodsc

rehidiHRugs dhe %&L q»%gge N %sm%ﬁ%rﬁ%ﬁ d%#%etsb and

processor 20. | |vers In order to ensure

s\giR Y2 RRrdnéomactio’ HNgCbIatiienh BPadatrptyihehenpedandbakaved
vAGediversiiat fostaeimnedan Mﬁ%“@ﬁ}féfﬁ@&&qggﬁ %Hf%c&%%smt in

resistors 19. The clock circuit is assoclat ase control loo
detecting malfunctions during the addressing, writing, storage (checksum

type information for integrity checks on stored values) and reading.

The CLK Management module 26 distributes the clocks through the
converters 11, the FPGA circuit 19, the processor 20. It also has clocked
drivers in order to ensure low drift values, eliminate the crossing of limits in
adapting the impedance of the drive circuit to the impedance of the lines by
the series-connected resistors 19. The clock circuit is associated with a
phase control loop.

The RTC circuit 27 is a pack associated with a quartz element giving a
date with the format: year-month-day-hour-minute-second. The precision is
to the order of one second. Depending on the type of component chosen, its
interface may be in the SPI or12C format. This component is programmed at
least once during the service life of the card (for the resetting of the time).
There is no corrective device provided for the drift of this clock.

The RS232 driver 28 is a specific MAX232 type circuit designed to set
up a link to a checking microcomputer by means of an RS232 link. This

circuit enables a conversion of the TTL signals into RS232 type signals and
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The RTC circuit 27 is a pack associated with a quartz element giving a

date with the format: year-month-day-hour-minute-second. The precision

is 25 to the order of one second. Depending on the type of component

chosen, its interface may be in the SPI or12C format. This component is

programmed at least once during th 9'service life of the card (for the

resetting of the time). There is no corrective device provided for the drift
viskthisrelcRwWkhe RSaR2! esivae 2Bited i&peoifiMRRUY BRyBHRLIN order to
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under-voltage is
The monitoring module illustrated in figure 4 detects excessively high

current levels as well as inrush currents (short-circuits). The MONITORING
module detects malfunctions due to a power supply fault and protects the
system against surge voltages. A surge voltage or an under-voltage is
detected early enough so that all the outputs can be put into a safety position
by the power-off software or so that there is a switch-over to a second battery
power supply unit. The voltage MONITORING module monitors the
secondary voltages and places the system in the safety position if the voitage
is not within the specified range {upper and lower thresholds). The
MONITORING module powers the system off with a safety stop in cutting off
the power supply while at the same time recording all the critical information
on security.

The POWER SUPPLY module illustrated in figure 4 is a power supply
block consisting of a D.C./D. C. converter compliant with the DO-160
(category B) CEM avionics standards.



10

15

20

25

30

detected early enough so that all the outputs can be put into a safety
position by the power-off software or so that there is a switch-over to a
second battery power supply unit. The voltage MONITORING module
monitors the secondary voltages and places the system in the safety
position if the voltage 25 is not within,the specified range (upper and lower
thresholds). The MONITORING module powers the system off with a
safetyrstaqditicuttngheff givecpativer stipplyagbite mt¢hesdoretimeperation of

ing_ all the critical information on security. The. POWER SUPPLY .
e . JH AR, TP 0 S s TR g gty wee
ee@yDreSeoanvertbe covepliarit wilfithetDOIFE @ f (dategriyrBaiGioMer supply
S@y}g@ics standards. 20 In addition to the generation of voltages needed

or the operation of the CPU module, the power supply unit enables
switching stadetdiaarg ypd thaaypieeseoreinises dve fbldwiradfstatéaning
of thq:@% W\ ly source. 5 The state diagram of the system
compri Ir@ o tes: POWERING-ON step The equipment
enterd ke FONVERMN G AR pHise BEAMRRINGObgpalRESERr the reset
ganrled y the creaL ey een
o ct%lvated. 10'1fa r@%ﬁ Ilg{?sqgg powelrFE S%LLJJpp y vé(%tga}gﬁ‘ﬁjéq s‘g)ysstteenql1 Iézs Shas
bestieetigdadrBAT1 (EEPROM 24 parameter) and if no RESET signal is

activated Jrom YVatchdag éﬂ#@?%dﬂé@e\%{ i@ 'iﬂ%”%%g%gﬁgg% longer

voltage levels in a duration Tpower’_recovering (parame

thepPARSI2EEREQYEteth wilrvaateo @é\doifnna RE&peigtieh e stitiyated
frilts WRRIANSLL N ROV SYBRNOES AR, ?HQ}%%WSR%%%WJS in
Wh all'the vita

en the system is powered on, the equipment test

a fightradaY of HRVEysTesR Yeidugity RArBTE FEN, Foned bink RiSnREbs, 24), the

system will have to perform a reset operation testing the functions of the
power supply.

Behavior of the power-on step

When the system is powered on, the equipment tests all the vital
functions of the system: integrity of the ROM, RAM, bulk memories,
EEPROM 24, information coming from AND RESET Management 22,
disconnection of the power supply, the voltage level of the external power
supply, the capacitance of the energy reserve, the integrity of the sensors,
positive leaks and ground leaks, configuration (number of sensors present).

The relay 16 (RESET) mounted on the negative feedback circuit is
placed in a closed position to discharge the capacitor 14 Cn selected and to
enable the preparation of the apparatus.

The tests are software tests. In no case does the system enter a
process of acoustic measurement.

The system leaves the power-on step for normal operation when the
configuration of the lines has been verified and if the power supply voitage
level is acceptable and/or if the capacitive type energy reserve is charged to

an acceptable level.
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EEPROM 24, information coming from AND RESET Management 22, 20

disconnection of the power supply, the voltage level of the external power

supply, the capacitance of the energy reserve, the integrity of the sensors,

positive leaks and ground leaks, configuration (number of sensors

present). The relay 16 (RESET) mOLIé;Lfed on the negative feedback circuit

is placed in a closed position to discharge the capacitor 14 Cn selected

and td &5 egaipmére prapanasioim of b epapparatassiEpe festeare safitnwaieply
ngfsatﬁglgg%&? % %oee%wgf%_system enter a process of acoustic .

measurement. The system leaves the power-on step for normal operation

whenthe powigwatiinpbtaddiremimsdépmyasfibe dasti trethevROM and
R%ﬁ%%\é?g e30 level is acceptable and/or if the capacitive type energy

reserve 1s charged to an acceptable level. 21 The equipment remains in

the pder-enuigepanthteposse tise ppdveshagsispdtsidbehshatdey hetep if
tRASL 90 Sioh SiRiaaal o mgrﬁﬁn@%}%r‘%&%t%eﬁ% &N R wn

are false. e equipment leaves the power-on step for the shutdown
obtbp ApprRiRius at least one defect for which the error strategy implies the

ShutIeHE <BldBLPORMA AR AAIRCIAE MR ARIERRANS BISFARICEHLog

sensor 1 and the analog chainis positioned on the load preamplifier 6.
chraia ddmestivortorethe 16ad erEBEfipMounidwarptiediegdtite relay 16
(rEssRek AUGHILAT B1° ieampiRidsriasenin die el RS MRaMSitier is

apparatus enters the step in the normal working phase at the end of'the
plasrdrinthstopepdiadii©tiagnostics 15 During the normal operating

phases{be, aPRARINSRIGURS BRIPHIGHecHdRsES JBRARPAFIYS AYRL end

validate the conditions in which the acoustic
of the power-on step.

Pericdic diagnostics

During the normal operating phase, the apparatus executes periodic
self-tests. The apparatus must validate the conditions in which the acoustic
measurements are performed (checks on the efficient running of the
algorithm, stack overflow, control of storage of the data in the memories etc).

During the nominal operating phase, the apparatus carries out
diagnostics on asynchronous actions {communications protocol, access
control, reading/writing to memories, crossings of threshold for the leaks).

If a defect is related to a shutdown strategy, or else if a drop or loss of
power supply voltage of the device or apparatus lasts longer than TBAT1
(parameter in EEPROM 24), then the apparatus goes into cut-off or
shutdown mode.

When a critical error is detected, the apparatus enters shutdown
mode. Only the power supply voltage and the micro-cuts still diagnosed.
Wireless communications are still controlled by the wireless controller and
continue 1o be diagnhosed.

Wireless communications are authorized. A disconnection of the

power supply causes the device or apparatus to be powered off. The



measurements are performed (checks on the efficient running of the
algorithm, stack overflow, control of storage of the data in the memories
etc). During the nominal operating phase, the apparatus carries out 20
diagnostics on asynchronous actions (communications protocol, access
control, reading/writing to memories, £fossings of threshold for the leaks).
If a defect is related to a shutdown strategy, or else if a drop or loss of
apoweatsapibricobggdointgoiteyitdm tiap perates dastsdpndahithanaliiBATdpply
ri P s into,cut-off gr 25
P e R R R e e sl sz
shutddive e@deneny tefseserssuppitialolsiystdmanhdanicdefests stih  the
' Y lcaf re-sfi | ireless ..
e e T R R o S Sl e
isaRfRbitad Andidbenpidstioines trempiweinstippigl calisesidfeadsiceported by
tf?e?@%?é\’\? 19-hsiko qrigcge_ﬂe.'l'he 22 apparatus starts again in going into
the power-on step it the mains supply powers the unit again and if no
RESET signal has already been activated. The equipment defines a
partial shutdown for defects on the measurement lines: leakages on the
line. The diagnosis of the defective line 5 is prohibited and the other lines
remain functional. The defect is reported by the system remains in its
state. 23 WHAT IS CLAIMED IS : 1. - Method of monitoring a structure of
an aircraft in which: - effects of impacts, stress or ageing on this structure
are measured, 5 characterized in that to perform these measurements, -
piezoelectric sensors are placed on parts of this structure that are to be
monitored, - signals delivered by the sensors are read permanently and
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processed in a central processing unit during a useful service life of the

1o aircraft, on the ground and in flight. these signals resulting from the
presence of an acoustic wave in the structure at the position of the
sensors.. - to take permanent readings, an proper operation of a set
formed by sensors connected to the Z&ntral processing unit is validated.
is 2 - Method according to claim 1, wherein - to power the apparatus
permanently, the electrical power supply is monitored permanently, and is

assisted, if need be, by a batteay. I3 -OviatRgeragsaording to one of the
claims 1 to 2.whi erein, to take permanent readings, a state of a

communicalREmBHSPRANFRRFREDSISANS JOINS FEakahRIARgRSIng unit

is tested. 4- Methaod according to one of the claims 1 to 3 wherein, for the

reading STRIESREALRASISIBHERS OrRosNacre bisHérsfbeRge measured,

chrenactieristesinohdt scignflaiervsaswsaduraaasained S?nsor f
references, 25 - a.date of a measured, acoustic event, - a frequency of a
measurdtl BsUeT L W SGESOF ﬁﬂ?n%@%?f?é]f%ﬁegf&f‘ég SyHstues gl to
the yrinéceedbove a threshold, - a duration of a burst of half waves of the
signal for which.th i \' hgld, - a maximum valye of
the meas%%gr%\,@-%% f#}sinl l?r&gv;ﬁ?g%?tiegrﬁ%ag%%d gl%rrTa ’n e?na%ly and
IRGEHS S of thentehslirsassilisalnih dudnerryussliciraendtanife of the

raeesiashHen ghothd shdakaghthe measured signal. 5 - Method
according to one of the claims 1 to 4, characterized in that it comprises

one or nibeseBigadisimsirapiratidhs: presence of an acoustic wave in the
structure at the position of the sensors..

- to take permanent readings, an proper operation of a set formed by
sensors connected to the central processing unit is validated.

2 - Method according to claim 1, wherein

- to power the apparatus permanently, the electrical power supply is
monitored permanently, and Is assisted, if need be, by a battery.

3 - Method according to one of the claims 1 fo 2.wherein, fo take
permanent readings, a state of a communications bus betweensensors and
the centrai processing unit is tested.

4- Method according to one of the claims 1 to 3 wherein, for the
reading of the measured signals, one or more of the following characteristics
of this signal are measured:

- concerned sensor references,

- a date of a measured, acoustic event,

- a frequency of a measured acoustic wave,

~ a number of half waves of a signal for which the value is above a
threshald,

- a duration of a burst of half waves of the signal for which the vaiue is
above a threshold,

- a maximum value of the measured signal,

- a minimum value of the measured signal,

- a build-up time of the measured signal,

- a frequency spectrum of the measured signal,
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- the presence of the detectors is verified, 5 - a check is made with a
watchdog function to ascertain that the processing unit is not operating in
a loop, - four zones of the aircraft are monitored with 24 sensors per zone,
these zones being a radome of the aircraft, leading edges of wings of this
aircraft and a tail unit of this aircraft, 1€%- the signal is measured for about
100 microseconds at each acoustic event, - the signal situated in a
frequency band ranging from 20kHz to 2MHz is megsu.red, -a Fhreshold
is defined Beyaner whichdbisugasisigddo mears]uretz ais S|gr]3;il thlsﬂ
thresh f ther & alrcr is in
theo%joﬁ%{gﬁhé%%q%g%:grwe% %}a?azlfa Bufter 1 mem TRoXs Sdgﬁﬁ} fRethat
8%@!9%%&5%“&% ?soéﬁgﬁé?jiﬂ‘é(mﬁ fRREAI8Brage in an 1E'EPROM
type methe §resencerclifirdelgatdrthieshdfieid determined and, for

signals-aboukdtis ishrestieldvign alavadeng! f@iﬁg%w%d a@deRﬁ}ﬂ?%}}fé{r the
%%&E&%%ﬁt{%ﬂgp@g@a@ﬁ ﬁ{tac rlsing a device embedded in an

aircraft fqr the detectl(fqb acou tic measurement of the effects of

impacts, Stre<e oA GEiNFoA iR ﬁﬂ%tmgrﬁtﬁﬁegn‘%'mb%ﬁﬁéﬁ‘@% RRYVRRNE,
ff1ase RPN AR e diteefddonsting eQuascef avirgsling s
aliierad, aheatatib inédintthagiteeafprises means for monitoring an

analog sigealiprhadiucei Ry the 4stealion 98Y hicroseconds at each acoustic
event,

- the signal situated in a frequency band ranging from 20kHz to 2MHz
is measured,

- a threshold is defined beyond which it is decided to measure a
signal, this threshold being different depending on whether the aircraft is in
flight or on the ground,

- the signal is stored in a fast buffer memory {o record the events
whose duration is shorter than a time of storage in an EEPROM type
memory.

- an upper signal threshold is determined and, for signals above this
threshold, an alarm signal is produced.

6 - Device for monitoring a structure and aircraft comprising a device
embedded in an aircraft for the detection by acoustic measurement of the
effects of impacts, stress or ageing on this structure and an embedded
device for the operating security of this embedded device.

7 — Device according to claim 6, characterized in that it comprises
means for monitoring an analog signal produced by the detection device.



