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REZUMAT. În articol este analizată posibilitatea aplicării metodelor sistemice de reconfigurare a suprafețelor de 
control pentru restaurarea controlabilităţii și stabilităţii avionului în condițiile apariţiei bruşte a unei situații anormale 
în zbor. Sunt furnizate graficele structurale și funcționale ale sistemului de control configurabil necesar. Se propune 
un „sistem automat de control aeronavă-echipaj-automatic de tip mediu-situație anormală“. 

Cuvinte cheie: aeronavă, reconfigurare, sistem de control al zborului, pierderea controlului în zbor; supraviețuire, 
situație anormală în zbor. 

ABSTRACT. The possibility of application of system methods of reconfiguration of controlling surfaces for restoration 
of controllability and stability of the airplane in the conditions of sudden origin of a abnormal situation in flight is 
justified in the article. The structure and functional charts of the purposed configurable control system are provided. 
System „aircraft-crew-automatic control system-environment-abnormal situation“ is proposed.  

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

1. INTRODUCTION 

The efficiency of aviation use is inseparably linked 
with a problem of flight safety which successful 
solution defines the perspectives of development both 
civil, and military aviation to a considerable degree. 
Complexity of the flight safety problem solution conti-
nuously increases in connection with increase of 
intensity of aviation use and extension of it functional 
tasks. The current situation in flight is characterized 
first of all by the flight conditions and modes, the func-
tional status of crew, operability of aviation systems, 
and aerodynamic status of the wings. As a result of 
action of unfavorable external factors and degrading 
internal processes the abnormal flight situation can 
appear. It is subdivided into four types: minor, difficult, 
emergency, catastrophic situation [1]. The extremely 
high transience of development of a abnormal situation 
(AS) requires the instantaneous interference in a 
situation for decision-making directed on restoration of 
controllability and stability of the airplane and by that 
prevent of transition of the current flight situation in 
the catastrophic. 

In this article a class of possible failures is re-
stricted to failures (damages) of controls and actuators. 
This class of failures is rather widespread: so, 
according to the article [2], 20 % of cases of air-
planes crashes are connected to failures damages of 
auto flight control system (AFCS), and mainly with 

failures and damages of drives of steering organs. In 
[3] it is marked that the principal cause of un-
reliability of AFCS of the modern airplanes are failures 
of controls. The failures of actuators and controls 
should be considered together as they by results of 
appearance are often indistinguishable one from other: 
the actuator failure normally leads to fixing of the 
appropriate control surface in some position, the 
control surface failure (jamming) leads to such 
result; reduction due to actuator degradation, as well 
as reduction of the controlling surface owing to 
ingestion of mechanical or biological object, leads to 
reduction of efficiency of appropriate control unit. 

Traditional approach is application of instrument-
al redundance (reservation). However thereof the 
mass and airplane overall dimensions are increase 
that restricts universality of this approach. Therefore 
there is a question of search of more effective me-
thods of preventing of development of AS in flight. 
Development of system methods of reconfiguration 
of control surfaces for restoration of the airplane 
controllability in the conditions of sudden AS in 
flight can become one of such directions. 

2. MAIN PART 

As reconfiguration we will understand the control 
redistribution on controls for the purpose of creation 
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of necessary control forces and moments for re-
storation of airplane controllability and stability in 
the conditions of AS origin in flight. Implementation 
of reconfiguration is possible for the airplanes with 
redundant controls. So, in [4,5] it is marked that for 
high-maneuverable airplanes with the decreased 
static stability, quitting on critical values of attack 
angle, for successful reconfiguration in case of failures 
eight independent governing bodies are necessary at 
least. The modern and perspective high-maneuverable 
airplanes possess a large number of governing 
bodies: elevons (section with independent control of 
each section), front horizontal empennage, spoilers, 
rudders, turning nozzles, etc. 

In the airplanes developed earlier, there are no 
means of automatic implementation of reconfiguration, 
these functions are completely laid to the pilot. 
Therefore the result of reconfiguration completely 
depends on experience and ability of the pilot though 
essentially reconfiguration would allow to prevent 
70 % of cases of incidents due to failures of 
actuators and cntrols (this inference is made in [2] 
based on the analysis of the flight incidents which 
were taking place in the USA).  

In [6, 7] two examples of successful and un-
successful implementation are given by the pilot of 
reconfiguration. In the first case the left section of the 
elevator of the Delta L1011 airplane appeared is 
clamped in situation 19° in case of take-off. The pilot 
prevents failure by reconfiguration. The second case is 
connected to DC-10 airplane failure on May 25 1979 
in Chicago, called loss of section of the flap of the 
airplane. The subsequent simulation of a situation 
showed that the pilot could avoid failure by means of 
reconfiguration. 

In this regard it is expedient to put at a de-
velopment stage of AFCS of airplanes in system of 
means of automatic implementation of reconfiguration. 
In this direction in 1994 the U.S. Air Force la-
boratory of flight dynamics began development of 
the SRFCS program (Self-Repairing Flight Control 
System) [2] which purpose is implementation by de-
velopment of AFCS of the modern and perspective 
airplanes of the actions providing reconfiguration 
and diagnosing of system and directed finally on 
reliability augmentation, fail safeties, survivability. 
The SRFCS program provides two basic approaches 
[2]. The first is connected to the automatic re-
configuration, the second with creation of the expert 
diagnostic systems making recommendations to the 
pilot depending on the developed flight situation. 

Development of methods and models of re-
configuration of controlling influences aboard the 
plane in the conditions of origin special situations in 
flight operation [4] is devoted. For reconfiguration 
of controlling influences in case of failures of drives 
and governing bodies two approaches [4] are used: 
parametric and structural. 

Parametric change of feedback factors of the 
executive mechanisms taking into account a techni-
cal status of the airplane, for improving of efficiency 
of their functioning.  

Structural – control redistribution between opera-
tional governing bodies for recovery of acceptable 
characteristics of controllability and stability in the 
conditions of AS in flight. 

Leaning on a principle of duality of controllability 
and observability it is possible to determine the mini-
mal dimension of vector Z(t) providing full ob-
servability of development of a flight situation by 
analogy. 

 2 3 1[ ( ) ( ) ...( ) ]T T T T T n TCA C A C A C A C     (1) 

Further we shall determine a rank of a matrix (7) if 
it is equal n the system is completely observable [1] 

2 3 1[ ( ) ( ) ...( ) ]T T T T T n TCA C A C A C A C n      (2) 

Minimization of number component Z is exe-
cuted on the basis of (7) and (8): 
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Let the system can бать is presented by set {В, 
С} at which it is completely operated наблюдаемо1 
from the point of view of development a flight 
situations. Everyone pair matrixes В, С from this set 
we shall set some norm C,B , the listed degrading 
factors describing above causing occurrence of a 
special situation. 

Then calculation of such pair {В, С} for which it 
is reached }C,B{

],{
min

jiji
 will mean selection of 

the generalized parameter in view of additional factors. 
For example, simplification of an aerodynamic confi-
guration, limitation of conditions of flight, installation 
of additional information sensors about a condition 
of external outlines of a flight vehicle, decrease in 
time of classification of a technical and aerodynamic 
condition of an airplane, etc. 

Such problem for standard failures or damages 
(for example external outlines of an airplane) the 
intellectual filter - can decide the regulator providing 
adaptation of control by system to a particular flight 
situation, and in case of need, for example: breakage 
of thrust of one of control surfaces, collision with a 
large bird; failure of one and more engines, hit in an 
airplane of a fireball and other reconfiguration controls 
of airplane, so also system as a whole. Reconfiguration 
in this case means redistribution of control effects 
between control bodies, including a power plant. 

In the researches spent by authors, one of 
problems is decided by means of a control law with 
a feedback of a kind: 

 ( )( ) ( ) ( ), 1, ,i
i iu t G y t i k      (3) 
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where ( )i  is a n – dimensional vector of the 
parameters determining relation of function G from 
a particular situation or particular damage of ex-
ternal outlines of an airplane. Hence, function G 
should satisfy in this case to limitation 

 ( ) ( )

1

( ) ,i i m n
j j j

i

G G G R 



 


     (4) 

Matrixes G are determined from a condition of 
minimization of the object function reflecting quality 
of control by system in all possible special situations 
in flight. For everyone failure conditions object 
function looks like them. 
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where Qi ≥ 0, Ri ≥ 0, τ ≥ 0. 
It is obvious, that for all set of possible technical 

and aerodynamic conditions of system will be 
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where d represents the weight factors corresponding 
relative importance of high quality of control in this 
or that formed flight situation. 

In fig. 1 the simplified structure chart of re-
configured management system is provided. 

The reconfigured control system of considered type 
assumes execution of three interdependent procedures: 

– determination of response characteristics of the 
airplane in the course of flight execution; 

– estimation of a technical status of the capital 
aircraft equipment, and also integrity of external 
contour of the airplane; 

– formation of controlling signals on executive 
bodies of the airplane with use of information 
received by means of the first two procedures. 

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

 ( , , , , ) xx F x a q u t    (7) 

where: x  is a 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 properties of the environment; q  – 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 reconfigured management system and belonging 
to the set U ; t  – the current time belonging to a 
segment ],[ кtt0  on which AS in flight is defined; 

x  – n -dimensional vector of uncontrollable per-

turbations (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. 1. The simplified structure diagram of configurable control system 
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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 integrity of its external contour in 
flight: 

 ( , , , , ) zz h x a q u t    (8) 

where: z  is the l -dimensional vector of observations 

in space Z ; z  – l -dimensional vector of the 

additive noises distorting indications of sensors; h  – 
l -dimensional vector function of the specified argu-
ments known on the basis of theoretical and pilot 
studies of sensors of information. Results of mea-
surements arrive in reconfigured management 
system where are used for determination of response 
characteristics of the airplane and optimum (sub-
optimal) estimation of its status. 

The following stage of functioning of the offered 
reconfigured management system is process of 
parametric identification of response characteristics 
of the airplane in the conditions of AS origin in 
flight which in a general view is described by the 
operator: 

 ˆ ( , , , )a H z a q t   (9) 

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 identification the reconfigured manage-
ment system considers the factors influencing dynamic 
properties of the airplane (unfavorable external 
factors and degrading internal processes).  

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 con-
trol, and also integrity of its external contour in flight: 

 ( , , , , ) zz h x a q u t    (10) 

where: z  is the l -dimensional vector of obser-

vations in space Z ; z  – l -dimensional vector of 
the additive noises distorting indications of sensors; 
h  – l -dimensional vector 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 (sub-
optimal) estimation of its status.The following stage 
of functioning of the offered reconfigured manage-
ment system is process of parametric identification 
of response characteristics of the airplane in the 
conditions of AS origin in flight which in a general 
view is described by the operator: 

 ˆ ( , , , )a H z a q t   (11) 

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 identification the reconfigured management 
system considers the factors influencing dynamic 
properties of the airplane (unfavorable external fac-
tors and degrading internal processes).  

On the basis of signals of sensors and estimates 
of parameters of object it is carried out optimum (or 
suboptimal) estimation of a status of the object, 
allowing substantially to increase accuracy of infor-
mation on a vector: 

 ˆ ˆ ˆ( , , , )x N z a q t  (12) 

where: x̂  is the n -dimensional vector of an 
assessment of parameters of a vector x . 

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

 ˆ ˆ( , , , )u z a q t    (13) 

The optimality criterions created beforehand, de-
fine a measure, leaning on which control algorithm 
selects an optimum way of achievement by object of 
the given status. The structure of the operator 
depends on a method of the job of the purpose of the 
control, minimized criteria and a choice of a method 
of the optimization, to AS had time development in 
flight, and also an aerodynamic status of external 
contour of the airplane.  

3. CONCLUSION 

Let's formulate the main outputs on this article. 
1) Failures of actuators and controls lead normally 

to the following consequences: proportional lower-
ing of efficiency of a control unit; fixing of a control 
unit; in some position (maximum, minimum, zero), 
lowering of efficiency of appropriate control unit 
due to reduction of the area of a control surface as a 
result of ingestion of mechanical or biological object. 

2) In the conditions of redundancy of controls the 
task of reconfiguration can be essentially decided. 

3) The algorithm of creation of the offered recon-
figured control system contains the following stages: 

- formulation of optimality criterions; 
- development of a mathematical model of the 

airplane taking into account corrections which enters 
in AS control process; 

- synthesis of laws and models of control recon-
figuration; 
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- algorithm elaboration of adaptation (setup) of 
laws of control on modes of functioning of the 
airplane flight-navigation equipment; 

- implementation of the received laws and recon-
figuration models by means of on-board computers. 
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