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Abstract.In this article control, parametric, structural arabject reconfiguration was given. Fault tolerant
control system for recovering controllability okthircraft when an unexpected problem (such ag<aul
failures to the actuators/sensors or structural @am) occurs during a flight is proposed.
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control during flight is one of the motivating facs Numbers of fatal accidents (91 total)
for reconfiguration of controlling influences: thi®a  Fig. 1. Aircraft accidents statistics for worldwidem-
is to restore controllability and stability of tlaar- mercial jet fleet, 1999-2008 (statistic data fr2i){

plane in the event of faults, failures or airfram LOC-I—loss of control- in flight; CFIT-controlled flight
damages. In [3] two examples of successful and L into or Toward Terrain; RE-LandingRunway Excur-
successful implementation are given by the pilot 1 sion-Landing; SCF-NP System/Components Failure or
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showed that the pilot could avoid failure by meahs . :
reconfiguration, When a fault occurs in a system, the main problem

to be addressed is to diagnose what fault has oc-
curred, and then decide how to deal with it. The
problem of detecting a fault, finding the
source/location and then taking appropriate adgon
the basis of fault tolerant control. The problem of
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pected scenarios occur, especially for safetycatiti
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Main part

At first let us clarify the terminological distinon
between a fault and a failure [4; !

— fault is an undesired change in a systena-
meter that degrades performance: a fault ot
represent a component failure;

— failure is a catastrophic or complete breakd:
of a component or function (to be contrasted wi
fault which may be a tolerable malfunctic

For a control surface, there are two major type
failures. As shown in fig. 2a, the control surfac
may become ineffective and float at the : moment
position. The control surface can also be locke
any arbitrary intermediate positicfig. 2,b) or reach
and stay at the saturation position as shovfig. 2, c.
Mechanical failures may also happen. This is tise
when the mechanical link between the control sex
and its corresponding actuator or servo bre5; 6].

Examples of failures that cause structural dan
are wing battle damage [5}, detachmentf control
surfaces, for example the rudder (flight 961, A:
Varadero, Cuba, 2005) [[®r engines (flight 1862
B-747, Amsterdam, 1992) J[9or detachments «
some body parts of the aircraft e.g. the vern
fin/stabilizer (Flight 123, B#47, Japan, 19{) [10]
and (flight 587, A300, New York, 200110], wing
(DHL A300B4, A300, Baghdad, 200:10], fuselage
skin or cargo doors (flight 981, [-10, Paris, 1974)
[10].

As reconfiguration we will understand the con
redistribution on controls for the pure of creation
of necessary control forces and moments for ra-
tion of airplane controllability and stability irhé
conditions of extrasatiation during flight. Devp-
ment of methods and models of reconfiguratiol
controlling influences aboard the ne in the condi-
tions of origin special situations in flight opeoat
[11] is devoted. For reconfiguration of controlli
influences in case of failures of drives and gowey
bodies two approaches [[ldre used: parametric a
structural

In large passeger transport aircraft for examp
the spoilers which are typically deployed to red
speed, can also be used differentially to crealte
which normally is achieved by using ailerons; ¢
engines can be used differentially to create
which is typtally achieved by using the rudder; ¢
finally the horizontal stabilizer which is norma
used to set the angle of attack, can also replie-
vators for pitch movement [5].

Traditional approaches to flight control red-
gurationcan entail four major and separate flems
[12]:

— failure detection;

—failure isolation and characterizati

—system identification of the degraded sys

— flight control reconfiguration to accommodi:
the degraded sensor/actuator/airframe coration.
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Fig. 2.Several types of actuator failure¢
a — floating around trimb — locked-in-placeg —
hard-overd —loss of effectiveness (actuator fa
occurring aftet,)

On fig. 3the simplified structure chart dault

tolerant control systers provided

Reconfiguration contro— the redistribution of
control actions to restore handling and stabilitihe
aircraft in emergency situatiol



D.O. Shevchuk Design of fault tolerant control dgm for aircraft ... 65
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FTCS

Fig. 3. Fault tolerant control system (FTCS)

Parametric reconfiguration the redistribution of the specified arguments known, according to the
control parameters to restore handling and stghufit assumption, on the basis of theoretical and pilot s
the aircraft in emergency situations. dies. Observation over movement of the airplane is

Structural reconfiguratior restructuring of the carried out by means of a complex of the sensors
control system to restore handling and stabilityhef measuring components of a status of object and con-

aircraft in emergency situations. trol, and also integrity of its external contouflight:
Object reconfiguration- the restructuring of air- _ . )

craft mechanical components to restore handling and z=h(xaqud+§,, (2)

stability in emergency situations. where z - | -dimensional vector of observations in

Target reconfiguratior changing goals and taSkEspacez ; &, - | -dimensional vector of the additive
control the aircraft in emergency situations.

Let's suppose that movement of the aircraft
described by a differential equation:

noises distorting indications of sensors; - |
-dimensional vector function of the specified argu-
ments known on the basis of theoretical and pilot
X=F(xaqgud+g,, (1) studies of sensors of information. Results of mea-
_ , _ surements arrive in reconfigured management system
where x — n-dimensional state vector of object de\here are used for determination of response cha-
fined in spacex ; a — r-dimensional vector of pa- (5cteristics of the airplane and optimum (subopfima
rameters accepting values from a A-set and defingstimation of its status.

by properties of the environment;— vector of in- The following stage of functioning of the offered
tegrity of external contour of the airplane in flight, reconfigured management system is process of pa-
considering influence of standard damages on aerametric identification of response characteristts
dynamic properties of the airplane, and ththe airplane in the conditions of unexpected sitmat
m-dimensional vector of controlling influencesorigin in flight which in a general view is desceib
created by reconfigured control system and belangi by the operator:

to the setu ; t — the current time belonging to a A

segment[t,,t;] on which unexpected situation in a=H(zaqy. (3)
flight is defined;¢, - n-dimensional vector of un- Thus, in considered structure it is necessary that
controllable perturbations  (noise, measureme identification is carried out in some neighborhadd
noises etc.)F - n-dimensional vector function of Program value of a vector of parameters. In the
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J. O. llleBuyk. Po3poOka BiAMOBOCTiliKOI cMCTeMHU KepyBaHHSA JiTaKOM B YMOBaX BiIMOB KepyH4YHX MOBEPXOHb
YU CTPYKTYPHHX NOIIKOIKEHb

3anpornoHoBaHo (YHKLIOHAIBHY Ta CTPYKTYPHY CXEMH BIIMOBOCTIHKOI CHCTEMHM KepyBaHHS Ul BiJHOBIICHHS
KEpOBAaHOCTI Ta CTIHKOCTI JliTaka, B yMOBaX BiJIMOB KEpYIOUMX HOBEPXOHb UM CTPYKTYpPHHMX MOLIKOKECHb IIiJ 4Yac
BUKOHAHHS TIOJILOTY.
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