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SYSTEM METHODS CONTROL RECONFIGURATION OF THE
AIRCRAFT IN SPECIAL SITUATIONS IN FLIGHT

The article explains the possibility of applying the systemic methods of parametric,
structural control and purpose reconfiguration. The article explains the possibility of
applying the systemic of parametric methods, structural reconfiguration management
and reconfiguration of the object control objectives to prevent the transition to the
current flight situation into a catastrophic one and maintain the specified level of
safety. The article presents a block diagram of a control system developed reconfigu-
rable dynamic system, and describes how it works.

Key words: aircraft, reconfiguration, flight control system, loss of control in flight,
dynamic system, survivability, abnormal situation in flight.

Introduction. In the past ten years, 59% of the fatal airliner aircraft accidents
were caused by loss-of-control in flight and another 33% by controlled flight into ter-
rain [1]. The accident reports published by NTSB (National Transportation Safety
Board) have revealed that most in-flight loss-of-control accidents were triggered by
faults including subsystem/component failures, external hazards, and human errors
[2]. With hindsight, it is easy to say that most of these accidents could have been pre-
vented if the maintenance were performed better to avoid component failures, or if the
aircraft had not entered the hazardous region, or if the flight crews had not made mis-
takes, but it is impossible to eliminate all the faults that may threaten flight safety.

Malfunction or jam of aircraft control surfaces like elevators, rudders, ailerons
can be very dangerous since these faults not only result in the reduction of control au-
thority, but they also impose persistent disturbances on the aircraft. The jammed con-
trol surface position can be anywhere in the operational range and is not known a pri-
ori. If the jam position is not too far away from the trim condition, the remaining con-
trol authority may be enough to be utilized to maintain a safe flight. However, if the
jam occurs near an extreme position, the available control authority may not be able to
offset the effect of the persistent disturbance caused by the jam. The first fault the
Flight 261 crew members encountered was a horizontal stabilizer jam at 0.4°, which
was near the trim condition. This fault was not severe and the pilots were able to keep
the aircraft aloft at 31,050 feet preparing for an emergency landing. But about twenty
minutes later, the horizontal stabilizer was moved by an excessive force with huge
noise from 0.4° to a new jam position, 2.5° airplane nose down, and the airplane began
to pitch nose down, starting a dive. Things got worse after that — pilots lost control of
the pitch axis, and the aircraft crashed into the ocean 11 minutes and 37 seconds later
[3]. Flight 232 DC-10 in Sioux City, lowa 1989 (which suffered a tail engine failure
that caused the total loss of hydraulics) [5, 6], the Kalita Air freighter in Detroit, Mich-
igan, October 2004 (where engine No: 1 was shed but the crew managed to land safely
without any casualties) and the DHL A300B4, Baghdad, November 2003 (which was
hit by a missile on its left wing and lost all hydraulics, but still landed safely using on-
ly the engines) [5], represent some examples of successful landings using clever ma-
nipulation of the remaining functional redundant control surfaces (Fig. 1).
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Fig. 1. Emergency landing sequence using engines only and left wing struc-
tural damage due to surface-to-air missile impact, DHL A300B4-203F,
Baghdad, 2003

Here it can be seen that one of the main factors that enabled safe landing after
faults/failures is the clever manipulation of the redundant control surfaces to achieve
the desired level of acceptable degraded performance. In the event of an emergency
due to faults/failures, pilots will use all the available resources to help in a safe land-
ing. The 1989 Sioux City DC-10 incident is an example of the crew performing their
own reconfiguration using asymmetric thrust from the two remaining engines to main-
tain limited control in the presence of total hydraulic system failure. The crash of a
Boeing 747 freighter aircraft (Flight 1862) in 1992 near Amsterdam (the Netherlands),
following the separation of the two right-wing engines, was potentially survivable giv-
en adequate knowledge about the remaining aerodynamic capabilities of the damaged
aircraft [4]. Adaptive or reconfigurable flight control strategies might have prevented
the loss of two Boeing 737s due to a rudder actuator hardcover and of a Boeing 767
due to inadvertent asymmetric thrust reverser deployment.

Purpose of article. Automation of processes for flying vehicles control reconfig-
uration taking into account the system methods of parametric-, structural-, object- and
target of flying vehicles reconfiguration control under abnormal case uprush during
flight will be scientifically grounded.

Main part. The problem is solved by reconfiguring aircraft control to provide
the required level of flight safety in conditions of an accident occurrence, use paramet-
ric , structural , controlled object reconfiguration, objective aircraft control reconfigu-
ration. Method of aircraft control in accident condition is as follows. Typical external
aircraft outline damages are fixed and classified in flight on a basis of thermal fields
theory. Parametric, structural reconfiguration and reconfiguration of control aims and
tasks are used to provide control recovery and aircraft stability in case of accidental or
catastrophic situation in flight.

Parametric reconfiguration is the change of the feedback ratios for the given
characteristics of dynamic stability and controllability of controlled object.

Structural reconfiguration is a redistribution of the control to the serviceable ele-
ments for creating needed operational forces and moments to provide aircraft stability
and controllability recovery during unexpected situations in flight.

Reconfiguration of the object - the object control configuration change that is
provision to controls additional unusual in normal flight mode features to prevent the
development of catastrophic situations or minimize its consequences.

Aim of the control reconfiguration - optimal continuation of flight among the
possible alternatives choose, taking into account the criticality of damage the outer
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contours of the aircraft. For example, returning to the takeoff airfield Finding the air-
field, and assess the feasibility of providing the emergency landing of an aircraft, or
find a place of extreme landing.

The basis of reconfiguration is the fixed possibility of organization of structural
and functional surplus of elements of the system, that is used as organs of control:
wing flaps, interceptors, spoilers, engines etc, giving additional, not peculiar for the
regular mode mission-controls of function to them, that allows to redistribute manag-
ing influences after the new algorithm of management. Introduction of configuration
manager to the system of automatic control fundamentally distinguishes it from the
existent systems. A configuration manager consists of two modules - module of objec-
tive, structural, self-reactance and having a special purpose reconfiguration, and also
module of exposure, authentication and classification of typical refuses/of damages. In
case of origin of refuse/damage the module of exposure and authentication classifies a
damage and forms a command on including of the module of reconfiguration, except
that, he passes in the module reconfigurations of managing actions all information
about the classified refuse/of damage (id est forms the model of refuse/of damage).
The module of objective, structural, self-reactance and having a special purpose recon-
figuration forms new managing influences for beating back, and at impossibility of the
complete beating back, maximally possible decline of consequences of refuse/of dam-
age (Fig. 2).
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Fig .2. Flow diagram of reconfigurated control system of aircraft in the conditions of origin
of exception condition on wing
Let the control object is represented in space of states control in the form:

X=Ax+Bu,x(t0)=x0,xeRn,u e R®,
where x—n is dimensional state vector; # —s is dimensional control vector.

Constant matrices (A, B) determine its dynamic properties. In the case of the in-
troduction of the state feedback control law is given by:

u=Go-Kx,xeR’,
where G is matrix by which independent (external) vector of input signals v are pre-
transformation; K is state matrix regulator in the feedback loop.
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Write the equations of the system in the form of the Laplace transform, omitting
for brevity, Laplace operator p:

(pl, —A)x=Bu+x,
u=Go-Ku.
The change of the state vector x of a closed linear system is the sum of a reaction
to the nonzero initial conditions X, and input signals ¢ [7]:

x=W/(p)x, + Wi (p)o,
where W, W? are transfer matrices of the initial conditions x, and input signals &
to the vector of the system state. The connection of these transfer matrices with the
structure of the system is determined by known operator equations:
W.(p)=(pl, - A+BK)", (1)

WZ(p)=(pl, —A+BK) 'BG. )

Transfer matrices (1), (2) determine the reaction of plane to nonzero initial condi-
tions and input signal.

Introduce the diagonal matrix Z, characterizing the state of the elements of the

automatic control system (ACS) (sensors, controllers, actuators, control surfaces).

When all the elements of reconfiguration system are intact, the matrix Z is identity

Z =1 . The failure of element of reconfiguration system is characterized by zeroing of
i th component of matrix Z =diag(1...0, ...1).
Introduction of matrix Z is equivalent to zeroing i th component of the control
vector, thatis u » =[u; ... 0; ... uS]T.
Object model with failure can be written as:
X, =Ax, +BAu. 3)
where x —n is dimensional state vector with failure; u —s is dimensional vector con-

trol with failure.
Due to (3) transfer matrices (1), (2) take the form:

W/ (p)=(pl, - A+BZK)",
W¢,(p)=(pIl, -A+BK)'BZG.
where W'

X/
o to the vector of the system state in case of actuator failure.

To save the desired dynamic properties of an object, the following equalities must
be met:

W?, are transfer matrices of the initial conditions x, and input signals

W (p)=W(p), 4)

Wi (p) =W/ (p) ®)
Conditions (4), (5) are the criteria of the reconfiguration, structural and paramet-
ric reconfiguration.
Conditions (4), (5) may be realized in one of two ways [7]:
1. The calculation of the new values of the matrices G and K, satisfying (4), (5).

2. Introduction of additional elements in the control system allows to provide the
equality of (4), (5).



ISSN 03702197 Problems of friction and wear, 2019, 2 (83) 45

The first way involves a complete change of the gain control system, which is un-
acceptable for modern reconfiguration system. The second way is more simple to im-
plement. It does not change the regular control system settings, and the task of main-
taining the dynamic properties is achieved by introducing additional elements to the
control system.

Conclusion. The time interval over which the reconfiguration system has wrong
information about the faults/failures need not be known. If the reconfiguration system
eventually generates an accurate estimate of the failure parameters, the proposed ap-
proach will result in provided increased controllability and stability of airplane under
adverse flight conditions. The proposed reconfiguration system can be readily extend-
ed to the case of nonlinear aircraft dynamics.
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eBuyk IMutpo OseroBu4 — J0KT. TEXH. HAYK, C.H.C., Mpodecop Kadeapu aBTomMaTu3aii ta
enepromenemxmenty HH AK® HAY Vkpainw, Byn. Axagemiuna, 20, 03680 m. Kuis, np-1
KocmonasTa Komaposa,1, Ykpaina.

KpaBuyk Mukona IleTpoBu4 — KaH[. TEXH. HAYK, CTApIINi BUKIagad Kadeapu aBToMaTH3a-
uii Ta eaepromenemxMeHTy AK® HAY Vkpainu, Byn. Asryctuna Bomommna, 2A, 03061 M.
Kuis, np-t KocmonasTta Komaposa, 1, Ykpaina.

BoBk Bosonumup I'puropoBuy — kauz. Tex. Hayk, [ 'enepanprint Jupexrop braromiitaoi op-
ranizamii «bmaronittanii ¢ornx I'eopris JlorBuackKOTO «IHHOBAIIHHI TeXHOIOril MalOyTHBO-
ro»», 01033 m. KuiB, Byn. XXunsaceka 50-b, Ykpaina.

Ananbina AnHa BagumiBaa — crymentka rpynu EC-512 xadenpu aBTomaTm3arii Ta eHep-
romeHekMenTy AK® HAY Ykpainn, Byn. Makcuma Kpusonoca, 29A , 03037 m. Kuis, mp-T
Kocmonasta Komaposa,1, Ykpaina.
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JI. O. HIEBYYK, M. I1. KPABYYK, B. I'. BOBK, A. B. AHAHbIHA

CUCTEMHI METOJI PEKOH®IT'YPAIIIl KEPYBAHHS IMIOBITPSIHUM
KOPABJIEM B OCOBJIMBUX CUTYAISIX Y ITOJIBOTI

Amnamni3 cratuctnaaux naanx [CAO nokasas, mo Maibke 30 % aBiamiifHUX MPHUToj] BUHUKAIOTH
3 MIPUYHUH BTPaTH KepoBaHOCTI noBiTpstauX KopabimiB (I1IK) y mompori. Takox 3a mannmu De-
ZepaibHOTO yrpaBiiHas 1uBineHOI aBiamii CIIA (FAA) mopidHo B UBINGHIHN aBiarii Tparuis-
€THCA JI0 TI'SITH BEIMKHUX aBiallifHUX MPHUTOJ], BarTOMa YacTKa SKUX MPUIAA€ HAa 3ITKHEHHS JTi-
TakiB 3 O10JIOTIYHNMH, MEXaHIYHUMH a00 enekrpuaHrME (popmyBarnsamu. Y 1K momepenHix
MTOKOJiHB 3 TIPUYXH BiJCYTHOCTI 3aC00iB aBTOMATHYHOI peKOH(ITypallii KepyBaHH i QYHKITT
MOKJTAJCHO Ha €KiMaX. Y [bOMY BHUIAAKY Pe3ydAbTaT PEKOH(Iryparlii KepyBaHHsS IOBHICTIO
3aJIeKUATH BiJl YMIHHS, TOCBiTy Ta OCOOMCTHX XapaKTEPUCTHK IJIOTA, X04a IPUHIIAIIOBO PEKO-
Hbirypamis go3sonmia 3amodirtu 70 % BUIANKIB TSHKKUX aBiallifHUX HPUTOM Yepe3 MOIIKO-
JokeHHS 30BHIMHAIX 00BoxiB I1K, a Takok BiIMOB NPHUBOMIB i KEPMOBHX OpraHiB (BHCHOBOK
3po0JIeHO Ha MiACTaBl aHATI3Y MPUYMH aBialiitHuX mpurox, mo cranucs B CLLIA).

Y poGoTi ponoHyeThCst KOHIENmis cucremu aBromarndHoro kepyBanus (CAK) i3 yHkmisiMu
pexoHGiryparmii, mo 3abe3rnedye BiTHOBICHHS KepoBaHOCTI Ta criiikocTi I1IK B yMOBaxX BHHUK-
HeHHs ocobnuBoi cutyatii (OC) 3a paxyHOK pekoH(irypamii KepyBaJbHAX CUTHAJIB, CTPYKTY-
pu cucremu, KoHGiryparmii [IK a6o minsoBUX 3aBAaHb, TOOTO 30epeskeHHs 0€3[ETHOT0 PEKUMY
monboTy. 1lix mapaMeTpuaHOI0 PeKOH(ITYPAIie€l0 PO3yMIeThC 3MiHA KOeilieHTIB (epenar-
HUX YHCEN) 3BOPOTHUX 3B’SA3KiB JUTS BiTHOBJICHHS 3aJaHUX XapaKTEPUCTHK JUHAMIYHOI CTiii-
KocTi i kepoBaHocTi [1IK B yMoBaxX panToBOro BHHHKHEHHS HE3HAYHHX ITOMIKOKEHB HOr'0 30B-
HimHIX 00BoxiB. Hampuknax, micis 3itkaenHs [1K 3 GiomoridanMu, MEXaHIYHIMHA a00 €IeKT-
pugHUME (HOPMYBAHHAMH BHHHUKAIOTH MPo0O0i, BM SITHHN Ta PO3PUBU 30BHIMIHBOI OOIINBKH,
SIKI TIPU3BOJIATH IO YaCTKOBOI 3MIHH 1X apOJMHAMIYHHUX XapaKTEPUCTHK Y ITOIBOTI.
CtpykTypHa peKOH(QITYpalis MosITrae B Mepepo3noAii KepyBaJIbHAX i Ha CIpaBHI OpTaHU
MeXaHi3allii Ui CTBOPEHHS HEOOXiTHUX KePYBAIBHUX CHJI i MOMEHTIB, III0 3a0€31e9yI0Th Bij-
HOBIICHHS KepoBaHOCTI i crifikocti [IK B yMOBaX BUHUKHEHHS aBapiifHO CHTYyaIlii y ITOJBOTI.
Hanpuxman, y mucromani 2003 p. mitak Airbus A300 oOctpinsimy OOHOBUKH Mics 37TBOTY Y
Barmani. B pe3ynprati moTparsissHAS pakeTH OYIIo iCTOTHO TOMIKOMKEHO JIBUHM 3aKPUIIOK, aje
eKina)ky BIaJIOCs BiTHOBHUTH CTIHKICT 1 kepoBaHicTh 11K 3a paxyHOK 3MiHU TSATH JBUTYHIB Ta
3MIMCHUTH YCINIHY aBapiiiHy mocanky. PexoHgirypamis o6'ekta — 3Mina koH}irypamii [1K,
TOOTO HAJaHHS OpraHaM MeXaHi3allii JOTATKOBUX HEBIACTHBUX Y IITATHOMY PEXKUMI MOIBOTY
Hanpuxman, min yac BUKOHaHHS ITOJBOTHOTO 3aBAaHHS y iiTaka B-52H Gymno BimipBaHO Kijb.
st 3a6e3mederHHs 019HOi CTIMKOCTI eKilak MUTTEBO BHITYCTUB YCi CTOSIKH Imaci. JIiTak BUKO-
HaB Oe3reuHy aBapiliHy mocanky. PexoH(iryparis misli KepyBaHHS - BHOIp ONTUMAIFHOTO Ba-
plaHTa TONBOTY cepell MOXIIMBUX AJbTEPHATHB 3 YPAaXyBaHHAM KPUTHYHOCTI MOLIKOKEHB
3oBHIIHIX 00BoxiB [IK. Hampukitan, moBepHEHHS HAa aepOAPOM 3JHOTY, ITOIIYK BiIIIOBITHOTO
3aI1acHOTrO aepoIPOMY, a TAKOXK OIliHKAa MOXKJIMBOCTI 3a0e3medeHHs aBapiitHoil mocaaku 11K Ha
IEOMY aepoAPOMi 200 MOIIYK MicCIlsi BUKOHAHHS €KCTPEHOI ITOCaIKH.

Kitro9oB0I0 0cOONMBICTIO IPOMOHOBAHOI KOHIIEIIIIT € T€, III0 aBTOMATH30BaHA CHCTEMa PEKOH-
¢irypamii kepyBanas [IK po3rimsgaersces, sik 6araTOKOHTYpHA CHCTEMa KacKaIHOI CTPYKTYPH 3
TphOMa PIBHAMH KepyBaHHSI. Momynbs pekoHdiryparii ¢opMye HOBI KepyBallbHi BIDIMBH IS
MIApUpPyBaHHA, a B pa3i HEMOMIJIMBOCTI MMOBHOTO MapupyBaHHs BIDIHBY OC — MakcHMalbHO MO-
JKJIMBE 3HIDKEHHS HOr0 HACIIIKIB.

KuarouoBi cioBa: moBiTpsiHUIT KOpaOenb, peKOH(Irypamis KepyBaHHS, CHCTeMa KepyBaHHS
MTOJTFOTOM, KePOBaHICTh, CTIHKICTh, OCOOIMBA CUTYAIlisd Y ITOJIBOTI.



