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THE RECONFIGURABLE FLIGHT CONTROL SYSTEM FOR
RECOVERING STABILITY AND CONTROLLABILITY OF THE AIRPLANE
IN SPECIAL FLIGHT SITUATIONS

In this paper is given comparative analysis of the statistics adverse flight conditions in
flight. Possibility of application of system methods parametric and structural reconfigu-
ration in order to prevent the current flight situation in catastrophic is examined. In this
paper, reconfigurable (active) flight control system for recovering stability and controlla-
bility of the aircraft when an unexpected problem (such as faults or failures to the actua-
tors/sensors or structural damage) occurs during a flight is proposed.
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Introduction. Damage to, or loss of, aerodynamic or stability/control surfaces of
transport aircraft can pose serious implications for continued flight to a safe landing.
While such events are not very common, occurrences involving significant damage
often result in large numbers of fatalities. Some recent events include [1]:

— 1979 — DC-10 Engine separation and resulting asymmetric slat condition, 272
Fatalities [2];

— 1985 —B747 Vertical tail loss, 520 Fatalities [3];

— 1992 — B747 Multiple engine separation and resulting wing damage, 51 Fatali-
ties [4];

— 2001 — A300 Vertical tail loss, 265 Fatalities[5];

— 2003 — A300 Wing damage (missile strike), safe landing, no casualties, hull
loss [6];

— 2005 — A310 Rudder loss, safe landing, minor casualty [7].

Aircraft performance characteristics undergo significant changes during the long-
term operation. More significant aerodynamic changes occur while the sudden damage
of external contour of the aircraft due to collision with its surface at high speeds, me-
chanical, biological, electrical or other foreign objects. The danger of such damages is
that they are random in nature and their occurrence cannot be foreseen. The result of
these collisions, depending on the speed and mass of the object can be as minor dents, and
the catastrophic destruction of the aircraft structure or its systems. Unfortunately, existing
methods of monitoring and diagnosis [8], [9] does not allow to register changes of the ex-
ternal contour of the aircraft itself in flight. At the same time, the availability of complete
and accurate information about time, place and degree of damage of the aircraft external
contour in flight would allow to objectively evaluate the development of an emergency
situation and take necessary action to prevent its development by reorganizing the aircraft
flight control or change the aircraft flight mode.

Analysis of the results of domestic research and publications shows that in the
CIS countries, the topic is not sufficiently developed. Study of foreign sources indicate
that problem of changes of aerodynamics aircraft wing in flight involved in such com-
panies, agencies and management as Boeing, Airbus, Insight SRI Ltd, the Federal
Aviation Administration United States, the European Aviation Safety Agency, Johns
Hopkins University in U.S. and others in studies of all these companies and agencies,
one of the central places occupied research of damage in a collision with foreign ob-
jects and changes of aerodynamics aircraft wing in flight. But even in these countries
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have problems, do not close these studies because there are a number of unresolved
issues Known Boeing patent GB24355519A “Capacitive sensor for sensing structural
damage” [10] also does not solve the problem.

While in some of the cases noted above, the damage caused immediate, unrecov-
erable loss of control, others resulted in stabilized and controlled (albeit limited) flight
capability for at least some duration following the initial event. Enhanced control ca-
pability in such situations can increase the possibility of maintaining controlled flight
to a safe landing from an otherwise ultimately non-recoverable situation. The Integrat-
ed Resilient Aircraft Control (IRAC) Project of the NASA Aviation Safety Program is
conducting research towards the development of flight control capability to recover
and safely land an aircraft following an adverse, loss-of-control event or condition,
including those due to aircraft damage. IRAC research activities are considering many
potential aspects of aircraft control, encompassing integration of aerodynamics, struc-
tures, propulsion, and flight planning/guidance issues [11].

Purpose of article. The reconfigurable (active) flight control system for recover-
ing controllability and stability of the aircraft when an unexpected problem (such as
faults or failures to the actuators/sensors or structural damage) occurs during a flight is
considered.

Main part. At first let us clarify the terminological distinction between a fault
and a failure [12-17]:

— fault is an undesired change in a system parameter that degrades performance: a
fault may not represent a component failure;

— failure is a catastrophic or complete breakdown of a component or function (to
be contrasted with a fault which may be a tolerable malfunction.

A reconfigured flight control system is required to perform failure detection, iden-
tification, and accommodation following a battle damage and/or failure to a critical
control surface. To implement a failure accommodation strategy, a variety of control
surfaces (speed brakes, wing flaps, differential dihedral canards, spoilers, etc.) and
thrust mechanisms (differential thrust, thrust vectoring) can be used. This means, most
control surfaces will have triple redundancy. In terms of the control surface itself,
there exist secondary control surfaces that can be used in an emergency or in an un-
conventional way to achieve the same effect as the primary control surface. In large
passenger transport aircraft for example, the spoilers which are typically deployed to
reduce speed, can also be used differentially to create roll which normally is achieved
by using ailerons; also engines can be used differentially to create yaw, which is typi-
cally achieved by using the rudder; and finally the horizontal stabilizer
(Fig. 1, 2) which is normally used to set the angle of attack, can also replace elevators
for pitch movement [12].
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Fig. 1. Large transport aircraft: typical control surfaces

The proposed DS-IAFTCS system is shown in Fig. 3. It consists of the parametric
and structural reconfiguration, identification current condition, reserve algorithm con-
trol surface actuator, diagnostic system. In the conditions of considerable uncertainty
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arising from the sudden failures or faults elements of automatic control system, dam-
ages the external contour of the aircraft, changes in the external environment, decision
of choosing the tactics and strategies of extension the flight is possible with crew or
probabilistic models. However, in both cases, traditional approaches are characteristic
unacceptably high decision-making time, which may lead to undesirable shift the cur-
rent flight situation to emergency of flight, and in some cases even a catastrophic situ-
ation. Based on the above, scientific task is to restore the aircraft controllability and
stability in the unexpected flight conditions based on the reconfiguration methods and
intelligent technologies.

Fig. 2. SU-34 flight control surfaces scheme: / — two consoles canards; 2 —two sections rotary wing
socks; 3 — two sections flaperons; 4 — two sections rudder; 5 — two consoles horizontal tail

The failures/faults elements of automatic control system, assessment of the dan-
gerousness of the refusals and operational decision-making by the method of further
flight control are very essential tasks.
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Fig. 3. Structure of the DS- AFTCS (diagnostic system- intelligent active fault tolerant
control system)
Depending on the specific situation in flight offered the following algorithms:

— parametric reconfiguration is to change the gains of the regulator;

— structural reconfiguration is to the redistribution of control on a serviceable ac-
tuators or control surfaces;

—reconfiguration flight program and its criteria;

— changing purpose of the flight;

— bailout.

On Fig. 4 the simplified structure chart of reconfigured flight control system is provid-
ed. Let's suppose that movement of the aircraft is described by a differential equation:
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x=F(x,a,q,u,t)+&,
where: x — n-dimensional state vector of object defined in space X, a — r—
dimensional vector of parameters accepting values from a A-set and defined by prop-
erties of the environment; g — vector of integrity of external contour of the airplane in
the flight, considering influence of standard damages on aerodynamic properties of the
airplane, and the m-dimensional vector of controlling influences created by reconfig-
ured control system and belonging to the set U ; z— the current time belonging to a
segment [ty,z,] on which unexpected situation in flight is defined; & - n-

dimensional vector of uncontrollable perturbations (noise, measurement noises etc.);
F — n- the-dimensional vector function of the specified arguments known, according
to the assumption, on the basis of theoretical and pilot studies.
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Fig. 4. Reconfigured flight control system

Observation over movement of the airplane is carried out by means of a complex
of the sensors measuring components of a status of object and control, and also integ-
rity of its external contour in flight:

z=h(x,a,q,u,t)+&,
where: z — [-dimensional vector of observations in space Z, &, — [-dimensional

vector of the additive noises distorting indications of sensors; # — / -dimensional vec-
tor function of the specified arguments known on the basis of theoretical and pilot
studies of sensors of information. Results of measurements arrive in reconfigured
management system where are used for determination of response characteristics of
the airplane and optimum (suboptimal) estimation of its status.
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The following stage of functioning of the offered reconfigured management sys-
tem is process of parametric identification of response characteristics of the airplane in
the conditions of unexpected situation origin in flight which in a general view is de-
scribed by the operator:

a=H(z,a,q,t)

Thus, in considered structure it is necessary that identification is carried out in
some neighborhood of program value of a vector of parameters. In the course of iden-
tification the reconfigured management system considers the factors influencing dy-
namic properties of the airplane (unfavorable external factors and degrading internal
processes).

On the basis of signals of sensors and estimates of parameters of object it is car-
ried out optimum (or suboptimal) estimation of a status of the object, allowing sub-
stantially to increase accuracy of information on a vector:

% =N(z,a,4,t)
where: % - n-dimensional vector of an assessment of parameters of a vector x.

Total procedure of reconfigured management system is optimization of control-
ling impacts on airplane executive bodies on a basis, set the purposes of control and
criteria of optimization for preventing of development of unexpected situation in
flight. The operator describing formation of a vector of optimum controls, looks like:

u=2z,a,q,t)

The optimality criterions created beforehand, define a measure, leaning on which
control algorithm selects an optimum way of achievement by object of the given sta-
tus. The structure of the operator depends on a method of the work of the purpose of
the control, minimized criteria and a choice of a method of the optimization, to unex-
pected situation had time development in flight, and also an aerodynamic status of ex-
ternal contour of the airplane.

Conclusions. The reconfigurable (active) flight control system is a main element
of the strategy change the configuration of the control actions. It can take the initial
information about the existing laws the aircraft flight control and redistribute the ini-
tial commands intact control surfaces in terms of emergency situations. In addition,
important elements of reconfiguration flight control system is element of identification
fault/failure.

The main element of the strategy change the configuration of the control actions
is a mixer control. It can take the initial information about the existing laws the aircraft
flight control and redistribute the initial commands intact control surfaces in terms of
emergency situations. In addition, important elements of reconfiguration flight control
system is element of identification fault/failure. Thus, the proposed concept to recov-
ering the survivability of aircraft in terms of fault/failure control surfaces or flight con-
trol system will maintain acceptable flight and technical characteristics and safe im-
plementation flight task.
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CratTs Hagiiinoia go pemakmii 21.02.2019.

Kazak Bacuis MukosaioBu4 — JOKT. TeXH. HaYK, ipod., mpodecop kadeapu apToMaTH3amii
ta eHepromenemkmenTy HH AKI HAY Vxkpainn, Byn. Axagemiuna, 20, 03680 m. Kuis, mp-t
KocmonasTa Komaposa,1, Ykpaina.

eBuyk Imutpo OeroBu4 — J0KT. TEXH. HAYK, C.H.C., Mpodecop kadeapu aBTomMaTu3aii Ta
eaepromenemxmenty HH AKI HAY Vkpainm, Byn. Axanemiuna, 20, 03680 M. Kuis, np-t1
Kocmonasta Komaposa,1, Ykpaina.

Tumomenko HaTtanis AnatoniiBHAa — KaHI. TeXH. HAyK, CTApIINi BHUKIaaad Kadeapu aBTo-
MmaTm3anii Ta enepromenemxmenty HH AKI HAY Vxkpainu, Byn. Asryctura BomommHa,2A,
03061 m. Kuis, p-t Kocmonasta Komapoga, 1, Ykpaina.

IIpoxopenko Ipuna BosogumupiBaa — KaH. TeXH. HAYK, JOIEHT Kadeapn aBTOMaTH3aIll Ta
eaepromenemxmenty HH AKI HAY Vkpainm, Byn. Hixunacbka, 29A, 03058 m. Kuis, np-t1
KocmonasTa Komaposa,1, Ykpaina.
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B. M. KA34K, JI. O. HLIEBYVK, H. A. THMOLIEHKO, I. B. IPOXOPEHKO

CUCTEMA PEKOH(I)IFYPA]_!Ii KEPYBAHHA IMOJIBOTOM JJIA BITHOBJIEHHSA
KEPOBAHOCTI TA CTIMKOCTI ITOBITPSIHOI'O KOPABJISI B YMOBAX
BUHUKHEHHS OCOBJIMBUX CUTYALIU Y ITOJIBOTI

CrItagHicTh BUpIIIEHHS Tpo0aeMu 3a0e3IedeHHs 3a/1aHoT0 piBHS O€3IeKH MONMBOTIB Oe3mepe-
PBHO 3pocTa€ y 3B'sI3Ky 3 IIiIBUIIICHHSAM IHTCHCHBHOCTI BUKOPHCTAHHS aBialliifHOI TEXHIKH, 1110
KpiM BiJOMHUX BIUTHBIB, BeJle 10 3HAYHOT'O 301IBIICHAS iIMOBIPHOCTI 3ITKHEHHS y TOIBOTI 3 Me-
XaHIYHAMH, OiONIOTIYHUMH Ta EIEKTPUIHUME (HOPMYBAHHSIMH, a TAKOXK PO3MIMPEHHIM KOJa
BUKOHYBAaHUX HEIO (DYHKIIIOHANBHUX 3aBIaHb (PO3BUTKOM CTpAaTeTii BUKOPHCTAHHS aBiallil y
JIOKAaPHUX BifHAX, IIO 3MYCHJIO MPOBIJHI EPXKaBU CBITY HETAWHO 3aHHATHCS IOCIiIKEHHS-
MU, CIIPSIMOBAaHWMH Ha MiABHINCHHS PiBHA XuBYyJocTi moBiTpsHuX kopadmis (I1K)). [TopiBHs-
neHUNA aHami3 cratuctuaHuX maHux ICAO mokasas, mo 35% aBiamiitHUX MOAIA COPWYHHEHO
TIOIITKO/PKEHHAMHY 30BHIiMHIX 00BoxiB [IK i kepyBanbHUX OprasiB, BiIMOBaMH Ta TOIIKOKCH-
HSMH €JIEMEHTIB IMiJIOTa)KHO-HABITAIHHOTO KOMIDIEKCY, IPHYOMY TOJIOBHIUM YHHOM BiIMOBa-
MU iX HpuBOAiB. BapTo Bif3HAUNTH HaA3BHYAWHO BHCOKY IIBUAKOIUIMHHICTH PO3BUTKY aBa-
pifiHOI cuTyarii, IO B CBOIO Yepry MOTpe0ye MUTTEBOTO BTPYYAHHS B CHUTYAILIO JJIS BXKHUTTS
HEOOXITHUX KepyBalbHUX [Iif MOA0 3amo0iraHHas ii po3BUTKY ab0 TepepoCTaHHs Y KaTacTpo-
¢iuHy. ¥V CTaTTi NIPONOHYETHCS KOHIIEIIISI CHCTEMH aBTOMATHYHOTO KEPYBaHHSA 13 (DyHKI[ISIMA
pexoHGiryparmii, mo 3abe3redye BiTHOBICHHS KepOoBaHOCTI Ta criiikocTi I1IK B yMOBaxX BHHUK-
HEHHS OCOOJIMBHUX CHTYAIliil 3a paXyHOK peKOH]Iryparii KepyBaJbHUX CHUTHAINIB, CTPYKTYpH
cucremu, koH(pirypamii [TK abo minmsoBHX 3aBmaHb, TOOTO 30epekeHHS OE3MEYHOrO PEKUMY
MOJIHOTY, & TAKOXK HaBeNeHO i1 PyHKmioHaMBHY cxemy. [IponmoHy€eThCsI iHTeNeKTyanbHa CUCTE-
Ma aBTOMAaTHYHOTO JIIarHOCTYBAaHH!, KA 3a0e3MeUye CBOEYACHY PEECTPAIII0 YITKOMHKEHb 30B-
HimABOro ooy 1K 3 miIBHIIEHOI0 TOCTOBIPHICTIO Ta TOYHICTIO (biKcallii MicIs, CTyIeHs Ta
MOMEHTY PanTOBOr'0 TOIIKOpKEHHs 30BHIIHROr0 00Bomy [1K y mompoti. Pimenns mocrasie-
HOi 3aJavi JOCSTAETbCA THM, IO Y BHYTPIIIHIO TOPOKHUHY eneMeHTiB kKoHcTpykmii [TK 3a
MAaTPUYHOI CXEMOI0 BMOHTOBAHO «N» JATYHUKIB JIHIHHOIO HMPUCKOPEHHS Ta «M» MaTIHKIB
KyTOBOi mBHIKOCTI. CHTHAJ 3 KO)KHOT'O OKPEMOTO JaTYMKa HAJAXOAUTH J0 KIach(ikaTopa TH-
MOBUX TIOIITKOKEHD, KU PO3Ii3HAE€ OTpUMaHE MOIMIKOKEHHs 30BHIMHBOr0 06BOomy IIK y
MIOJTHOTI, SIKIIO BOHO ParTOBO BUHUKIIO, 3T1THO 3 «0a300 MaHWX» KIacugikaTopa.

KurouoBi cioBa: moBiTpsHUI KopaOenb, peKoH(Irypamis KepyBaHHS, CHCTeMa KepyBaHHS
MTOJIFOTOM;, KEPOBAHICTh; CTIHKICTh, 0COOJIMBA CUTYAIlis Y MTOIBOTI.



