78 |SSN 1813-1166. Bicnux HAY. 2010. Nel

VJIK 629.735.083.02:[681.518.54:681.586.1] (045)
Dmytro O. Shevchuk,Candidate of Engineering, assoc. Prof.

FIBER-OPTIC INTELLIGENCE SYSTEMS
FOR DIAGNOSTICS CONTRACTION INTEGRITY OF AIRCRAFTS

National Aviation University
E-mail: dmitroshevchuk@gmail.com

Article is devoted to the possibilities to use the fiber-optical intelligence structure for the diagnostics contraction
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Introduction - insensitivity to the electromagnetic

- . interferences;
In foremost aviation and space equipment the _ high sensitivity and wide passband:

contemporary technologies of measurements are _ omnaribility with the optical transfer and data
necessary both for the observation of a changeen tprocessing'
o) i

environment and for the diagnosis, and alsO _he prolonged period of operation and low cost.
evaluatlng'the _de5|gn Integrity of a!rpraft. . The fiber-optic diagnosing systems can be light

For registering of ambient conditions and interngf qjonteq and easy to arrange because of their small
processes of degradation with influence of whi® thyj, o5 |y particular, fiber can be injected in the
technical state of aircraft is changing and in thgaierial of any fragment of the lifting surface of
process of operation a constant test of the pasmeL; ot | this case the common design featufes o
Iti:gﬁlfn\r/\idéfvmlecgi::chrg;tédenze the technical S1Bte ¢, ment itself wil change very insignificantly.

S ; . The fact that the diagrams with the use of fiber-
_To this time the diagnostics of the state of thgyic systems of the diagnosis of the design iityegr
a|r_crafts outline in the process of_lts operatisn it ~i-craft are electrically passive, is very imiaot,
being the most undeveloped, which most of afia 5 se the situations when the appearance of the
experiences the influence of the external mechgnic onducting path can lead to the catastrophic
biological, electromechanical and  electrical,ngequences, such as sparking. The use of small
degrading factors [1-3]. power is substantial for the systems where large
Analysis of research and publications number of sensors used that are located along the
, , , " .outline of the lifting surface of aircraft.

Sizes, weight, insensitivity to the electromagnetic Insensitivity to the electromagnetic interferencés
interferences,_the increase_d strength and promc“_f?oer-optic intellectual systems makes it possitde
from the actions of environment are the basigyoid the need to solve problem of screening weak
factors, which influence the selection of theectrical signals, which go from the sensors awtiro
technologies to use for the fixation of place, @egr put big cable through. This advantage becomes even
and time of the standard damage of the externabre influential, when the large number of seni®rs
circumscription of aircraft in the process of itanited into the massif. If these sensors have high
operation. The obtained diagnostic information wilkensitivity and large dynamic range, the required
make it possible to automatically change the cdntrpassband of massif will prove to be sufficientlydevi
law (to reconfigure control), i.e., to be adaptedhte Since multiplexing diagnostic information from the
prevailing special situation and thus to avoigensors with the use of a wide-band optical filser i
accidents during the flight. necessary, that is potentially capable to suppwt t

Nowadays, the fiber technology that is used fdfansfer of'signals With thousands of sensorskih of
the problem solution of the integrity diagnosigte ~ Problem will be avoided. o
external circumscription of aircraft has a number o The listed advantages are especially important for
advantages in comparison with the electroniée fiber-optic intellectual systems of the diagsos

technology [4-9]: of the design integrity of the aircraft, where thiele
- low weight and convenient layout; range of measuring possibilities and stability He t
- completely passive network; extreme ambient conditions with the minimal sizes
- the use of small power; and the weight is required.
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Goal of the article— development of fiber-optic - the dynamic equations, which describe the
intellectual system for the diagnosis of the desigmotion of its center of masses considering a change
integrity of aircraft in the process of its opeoati in the aerodynamic properties of the external

_ circumscription of aircraft;

Primary Part - the dynamic equations, which describe the

In the article is being proposed to examine th@otion of aircraft relative to its center of masses
possibility of use fiber-optic intellectual systenfisr  taking into account a change in the aerodynamic
evaluating the structural integrity of the aircrafProperties of the outline of aircraft. _
before the takeoff and in during the flights. The In accordance with the rule of conservation of
fiber-optic intellectual system of the diagnosigtes  guantity and moment of momentum, we are writing
external circumscription of aircraft, can be usad jdOWn these vector equations: .
the process of operation, i.e., both during thghtli — equation, that d‘?SC”be the_: motion of the center
and during the maintenance. The second function ffthe masses of aircraft taking into account the
the complex of fiber-optic sensors in the moclernevelopment of the standard damage of the external

aircraft, is the measurement of the externacllrumjScrIIOtlon of the aircraft:

parameters, such as temperature, pressure andmVv +f_né><\7 =F, _ (2)
recording place, degree and time of impact, whichherem is the mass of aircraft,
makes possible for aircraft to fly closely to tlamge V is the velocity vector of the motion of the

of the regimes of safe operation assumecknter of the masses of aircraft relative to the ai
construction, without exceeding its limits, or tamedium, not agitated by aircraft in the inertial
classify standard damages arisen in flight. reference system;

Lest analyze the dynamics of the controlled flight F s the total vector of all external forces, which
of aircraft under the conditions of the appearasice act on the aircraft in flight;
the standard damage of outline. The dynamics of the & s the vector of the absolute angular rate of
mOtion Of aircraft as the ObjeCt Of Contl’Ol und%t rotation Of the arbitrary Coordinate System.
conditions of damaging the outline is described by The total vector of all external forces of those
differential equation of motion [10]: acting on the aircraft under the conditions of the
(1) appearance of standard damage in flight represent i
_ the form the sums of the vectors:
where x=[x,...x], 1=Ln is the vector E :lfaer+lfext+lftc

characterizing the state of aircraft under the = S
" Where F_ is the force, which is created as a result
conditions for standard damage-[a,,...,a,];

x=f(xauzt)+&,

aer

0 of the deflection of the aerodynamic surfaces of
j=1r is the vector of the parametersaircraft,

determined by the qualities of environment; F.. is external force acting on the aircraft, that
u=[u,...u], K =l_m is the vector of the arose as a result of the appearance of the gudts an

controlling influences, formed by pilot or autopjlo turbulence;
depending on the stage of flight; F.. is the force vector appearing as a result of a

z=[z,...,z,] n=1q is the vector characterizing €hange in the aerodynamic properties of the externa
circumscription of aircraft.

tr;e '|nfluf(?[_nce of standard damage on aerodynamlcs.l.he equation, which describes the motion of
otaircratt, aircraft relative to its center of masses takintp in

t is the current time of motion, which belongsmthaccount standard damage, let us represent in the
section[t,,t. Jon which is determined the equation (1); form:

¢ is the vector of disturbances. L+OxL =M

_ For the analysis of dynamic characteristics, thgnere [ is the vector of the moment of motion of
aircraft under the conditions for the standard dgena yjrcraft:

of outline is represented as system W'th. sIX dezgr(_ae M is the total vector of the moments of those
of freedom. The dynamics of the motion of th'sa ; ; i

. . . cting on the aircraft:
system is described by the system of equations that -~ = - - -
including: M =Moot M+ M

t.c.?
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where M, is the moment, which appears as a result C,,C,,c, are dimensionless coefficients of
of changes in the position of the aerodynamiaerodynamic forces that including considering

surfaces of aircraft; influence standard creations of the external
M,, is the moment, which acts on the aircraféircumscription of aircraft. _ _
and which arose as a result of the appearanceeof th FOr the diagnosis of the internal progressive
gusts and turbulence: structure_ll destr_uctlon it is proposed to_ use the
- . : mechanical-luminescent sensors, the principle of
M, is the vector of the moment, which arisen as o
work of which is based on the phenomenon of
a result of the development of standard damage ifuchanical luminescence — appearance of optical
flight. _ _ radiation (photon emission) inside solid bodiesaas
In the body cooro_llnate systt_em the expression (Z¢ it of the deformation.
can be represented in the matrix form [10]: Mechanical-luminescent sensors are incorporated
Vo V@, =V, @, in the structure of composite and convert energy of
mechanical stress into the optical signal, which ca
A be transferred by the quartz fibers, which reinforc
Vi Vig@, =V @, the layers of polymeric matrix, to the block of
processing signals (classifier).
O This fiber-optic intellectual structure, buildstfie

considers the influence of standard damagepmposite material, possesses the properties fof sel
represented in the projections on the axis of bodijagnosis and can be used for the recognition of

Vi [+mV, w -V o, |=F,

where F is the resulting force vector, which als

coordinate system; place, degree and type of damage. The structure of
w=[w,,w,,w,] is the angular velocity vector of intellectual fiber-optic material is schematically
the rotation of body coordinate system. depicted to fig. 1.

The resultin_g vector of the external _f(_JrCGS, Whit Mmechanical luminescent sensors Matrix of thecomposite
act on the aircraft under the conditions of the

appearance of standard damage in the general case N N
in flight, includes [10]: & O S
F=G+P+R+A ) ol gl gl gl gl g
where G is the vector of the force of gravity g Blokof al al dl dl 4l 4
aireraft: processing |~ ]
T the signals OO T O 7T OTOT O
P is the vector of the thrusts of engine;

R is the resulting vector of aerodynamic forces;
A is the additional vector of the forces, which

act on the aircraft as a result of the appearaficemg. 1. The structure of the intellectual fiberiopt
standard damage in flight. material, connected with the block processing theais
The aerodynamic forces, which act on the aircaedt,

determined by its configuration and nature of toev f
around aircraft of the incident air flow [10]:

Optical fibers

Advantages of the use of the intellectual
composite materials:
- the primary data carrier - the flow of photons is

X Cy its own product of the process of a change of sthte
R=|Y |=dSc, substance, i.e., they are not required speciabrati
7 c, and straight contact with the material for obtagnin
_ _ the information;
whereq is velocity head: - information will be transmitted to the
) photoreceiver, registering apparatus from "speed of
g= p\2/ : light" — it is practically inertia-free, which makaet

possible to record the damages in real time, which
S is the wing area of aircraft, washed by theappear during the flight (dent, breaks, chippirgs,
incident flow; breaks of edging so forth);
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- information about the damages can be obtained The parameters of network are optimized
both integrally and locally, i.e., the most opevatil relatively to this measure.
possible determination of the position, degree and Among the vectors of those representing study,
time of the appearance of the damage to liftingompulsorily must be the vector, which reflects
surface of aircraft in the flight, which will make "perfect" state of the external circumscription of
possible to reconfigure control of aircraft andhas aircraft, i.e., without the damages.
avoid flight accidents. Each initial neuron with a quantity of entrances

The task of the block of information processing isf the elements of input vector equal to a quantity
the classification of the standard damages of eater gives an output one of the valu@s Initial neuron
circumscriptions in flight, and also the trackinf owith the maximum value will determine the class, to
the appearance of destructive processes in tiwdich belongs the input information description of
structure of composite skin materials. Examples ¢hie integrity of the external circumscription ofeth
the standard damages: the damage of skin aaicraft maxD(x(w)) = R ().

mechanization of wing gnd of tail assembly, which By neuron conqueror is considered the neuron,
they lead to a change in the forces and momenignich has at the entrance of the function of the

which act on the aerodyngmm surfapes, V_V'th tha?ctivation M maximum value. Activation function
subsequent course deviation; collision with the

birds; the impacts of stones with the takeoff amal t appropriates to this neuron at the outptitvalues 1,

landing. As the block of processing informationaII othSetr ;eu;otr;]s have_orlglﬂgl vzlue thz_eql{[alt:]o
(classifier) it is intended to use an artificialunen Zero. Study ot the map Is achieved according fo the

network named after Kohonen (fig. 2). principle [11]:
AW, (@)=1W, (g -1) + a(x(a)— W, (q - 1))

wherei is the number of that line of the matrix of

Outgoing neurons

Xs Yi0) weights, which is corrected:;
Y1) W, i-number are concealing the line of the
matrix of weights;
Y(2) g is the number of the step of instruction;

X : : ,
? a is the parameter of the speed of instruction;

x(q) is the input vector of the information

description of the integrity of the external
circumscription of aircraft.

The weight coefficients of neurons adjacent to
the conqueror change according to the rule named

Fig. 2. Artificial neuron network named after Koleon after Kohonen [11]:

X:-[Xl,....,XN] is vec.tor of irlput values, which characterizes iW(CI) - (1—0')EW(CI _1) +a'x(q)

the integrity of the outline of aircraft;

y=[V,,...,y,] is the classes of the typical damages of thevhere, w(q )is the weight coefficients of neurons

external circumscription of the aircraft number line of the matrix of weights.
By the essential advantage of the map of
With the instruction of this map (fig. 2) there iskohonen there is that the fact that it insensitve
no control of the process of tuning weighthe correlation of the elements of the vector & th
coefficients. information description of the technical state loé t
The study is made with use of the independeaircrafts outline, since the competing principle of
from the task measure of the quality of thénstruction is used. Before the instruction it is
classification of the standard damages of aircraftecessary to assign the topology of map and to
outline. indicate its dimensionality.

Xy

AN
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Neurons are placed in the mesh points. The indices, As a result we will obtain the collection of values
which characterize the map of Kohonen are theom the interval [-1, 1] with the proportional the

distances between the neurons (11): original values of rate setting.
- the Euclidean distance between the neurons:  Weight coefficients of the networky, we will
> consider the components of the nuclei of the ckasse
d, = \/Z(DX B pxj) ' {c,} describing the standard damages of the external

circumscription of aircraft.
In the stage of instruction the map of Kohonen
andx; ; builds mapping the collections of the values of the
— the distance of the maximum coordinats€t Of the current information descriptions of the

displacement of adjacent neuron from the base (tiﬁchnical state of the external circumscription of

where px , px; are the state vectors of neurors

the cluster): aircraft into the map of the states of the system
{l () e} - R (w) . In the stage of operation the
d, =max| px = pX; | ; map ensures the classification of the current sthte

_ _ _ the external circumscription of the aircraft:
— the distance of connection, which shows Ax (@I -k o {Ix@[lz @} -k,
guantity of the units, which must be passed in ord(?(

to connect the neurons and x. . _
" ! The network of neurons of Kohonen gives the

If S neuronsi =1,S are assigned, then: possibility to obtain the map of the classes of the
technical state of the external circumscription of
1d<t aircraft.
2 [k, d, =d, =% Conclusion
d,=d, = For the problem solution of the diagnosis of the

technical state of the aircraft wing outline durihg
N, kKoK ) Gy =dg, ==0g; =1 fiight it is necessary to inject the new systems of
S, inothecases diagnostics based on the fiber-optic intellectual
structures, which will make it possible to estimiate
the sum of the distances of maximum coordinate proper time and objectively the technical stat¢hef

displacement between the neurons: external circumscription of aircraft in the proceds
its operation.
d, :Z | px = px |, For recording of place, degree and time of the

suddenly emergent damage to lifting surface of
_ _ _ aircraft during the flight it is proposed to usbéi-
Before the instruction in neuron network ofpptic sensors, and as the classifier of standard
Kohonena it is necessary to conduct the proced‘uredhmages a neuron network, which will increase
rate setting the values of the vectors of infororti accuracy, speed and authenticity of the recognition
description for guaranteeing the identical speed gf the standard damages of the external

the instruction of weights. _ circumscription of aircraft in the process of its
Rate of vectors can be achieved in a next way. gperation.

1. For each of the elements of the vector of the
information descriptionx we should determine the
minimum and maximura value. 1. Kazax B.M. Po3poOka iHTEIEKTyaJlbHOI

2. Each of the elements of the vector ofMCTEMH [iarHOCTYBaHHS 3OBHINIHBOIO 006BOXY
information description to normalize to the intdrvaltitaxa y monsoti / B.M. Kasak, JL.O. Ilepuyk,
[-1, 1] according to the formula: I''Il. Yopuuit 1 Marepianmm  MiKHAp. I(OH(b.

«ISDMCI'2009»  €Bmatopis, 18-22 tpaBHs

X" =2(x —a)/(b—a)-1. 2009 p.). — 2009.F2. -C. 20.

that in the case of rectangular lattice coincidis wal, .
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J.0. HleBuyk

BOJJOKOHHO-OIITHYHI IHTEJIEKTYAJIbHI CUCTEMH
JJIS JIATHOCTYBAHHSA KOHCTPYKTHUBHOI IIVIICHOCTI JIITAKIB

HarmionansHuii aBialiidHuil yHIBEpCUTET

BOJIOKOHHO-ONTHYHI JAaTYMKH, BOJOKOHHO-ONTHYHI iHTeJeKTyaJdbHi CTPYKTYpH, HeHPOHHI Mepexi,
noBiTPsiHMIT Kopadesb

Po3ri1sHyTO MOXIMBICTD AIarHOCTYBaHHS LITICHOCTI 30BHILIHBOIO 0OBOMY JIiTaka y HpolLeci Horo excruryaranii, a
TaKOX BU3HAYEHHS CTYIIEHS, MICI Ta Yyacy BUHHKHEHHS THIIOBOTIO HOIIKO/XKEHHS 1 BIUIMB HOrO Ha acpoAMHaMI4HI
BJIACTHBOCTI JiTaka. [lyis BUpILIEHHS MOCTaBJICHOTO 3aBJaHHS 3alPOIIOHOBAHO BHKOPUCTOBYBATH BOJIOKOHO-ONTHYHY
IHTEJIEKTyalbHy CUCTEMY, 10 CKJIAAy SIKOi BXOJSTh MEXaHOJIOMIHICLIEHTHI IaTYMKH, 110 BOYAOBYIOTbCS B CTPYKTYPY
KOMITO3MTa Ta IEPETBOPIOIOTh EHEPTil0 MEXaHIYHOi Hampyrd B ONTHYHMH curHan. Jlmsa knacudikamii THUIOBHX
TIOIIIKO/)KCHb BUKOPHUCTOBYEThCS HeWpoHHa Mepeka Koxonena. PosrisiHyTo MeTos HaBYaHHS HEWPOHHOI Mepexi
Koxonena. HaBexeHo MaTeMaTHYHHUH OIMC BIUIMBY THIIOBOT'O ITOLIKO/DKCHHS Ha aepOIMHAMIKY JIiTaKa.

J.0. HleBuyk

BOJJOKOHHO-OIITHYECKHUE HHTEJIEKTYAJIBHBIE CACTEMHA
I JMATHOCTUKHU KOHCTPYKTUBHOU HEJTOCTHOCTH CAMOJIETOB

HauuonanbHblii aBUaLIMOHHBIA YHUBEPCUTET

BO3AYLIHOE CYAHO, BOJJOKOHHO-ONTHYECKASl HHTEJIEKTYaJbHAasl CHCTeMAa, BOJIOKOHHO-ONTHYECKHE TATYUKH,
HelipOHHBbIE CeTH

PaccMoTpeHa BO3MOXKHOCTh IMATHOCTHPOBAHUS IEJIOCTHOCTH BHEIIHETO OOBOJAa caMoOJieTa B MPOIECCE €ro
JKCIUTyaTaluy, a TaKKe Olpe/esieHe CTeNeHH, MECTa U BpEMEHH BOZHUKHOBEHHUS TUIIOBOTO MOBPEXKICHUS U BIUSHUE
€ro Ha a’poJIMHAMHUYECKHE CBOMCTBa camosera. JlJisi pelieHusi MOCTaBJICHHOW 3aJaud MpPeasio>KEHO HCIOJIb30BaTh
BOJIOKOHHO-ONTHYECKYIO MHTEIJIEKTYalIbHYI0 CUCTEMY, B COCTaB KOTOPOU BXOJAAT MEXaHOJIOMUHECIICHTHBIE JaTUUKH,
BCTPanWBaeMbIe B CTPYKTYPY KOMITO3UTA M MPEOOPa30BBIBAIOIINE SHEPTHIO MEXaHIMIECKOTO HAMPSIKECHHUS B ONTHIECKHIN
curHAN. B kadecTBe KiacCU(pUKAaTOpa THUIOBBIX MOBPEKICHUNA UCIIONB3YETCs HeWpoHHas ceTh Koxonena. Paccmotpen
Meron oOydeHus HelpoHHoW cetn Koxonena. IIpuBeneHo MaTeMaTHYeCKOE OINMCAHUE BIHMSHHUS THUITOBOTO
MTOBPEXXICHHS Ha a9POANHAMIKY CaMOJIETa.

Program Overview / C.J. Mazur, G.P. Sendeckyj,

A. J. Mendez, T. R. Yao, H. K. Anderson et all. //



