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Abstract. The article deals with contemporary issues of safety of aircraft structures, which are
fundamental in the choice of approaches to the continuing airworthiness of aircraft which re fundamental in
the choice of approaches to continuing airworthiness of aircraft. The features of the formation methods of
technical maintenance of aircraft in view of the design type are considered. Experience of aircraft
maintenance has shown that the use of combined operational vitality in a number of cases has helped to
prevent the catastrophic destruction of aircraft at a time when high enough qualifications for airline
personnel were not satisfied.
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Introduction Every of above-mentioned components is

L . realized through its structure, i.e. a set of miljua
In accordance with its purpose civil ransporyjenteq material elements forming a single

aircraft_must perform the folloyving functions:  organized material system.

— itinerant on time and in full safety deliver “Apy design in addition to its functions in the
payload (passengers, their luggage and associafgfcess of operation must withstand the current
cargo) from the departure to destination airports; |pads without destruction, i.e. the strength of any

— cybernetic (control and navigation) — controkonstruction is it's the most important function.
of trajectory of motion and position of aircraft Ajrcraft airworthiness standards require that the
relative to this trajectory; analysis of structural strength of parts and the

- protective — protection of the aircraft, crewquality of their manufacture showed the absence of
and payload from excessive mechanical, therman emergency or catastrophic failure due to fatigue
electrical and other external damages; corrosion or accidental damage. This analysis shoul

— air support — creating lift and thrust, as well abe conducted for each part of the aircraft stregtur
providing stability and controllability of the destruction or damage of which may result in
airplane; emergency or catastrophic failure of the aircrdiir(

- ground control — ensuring the operation o$uch units as the wing, the tail unit, control aoes
aircraft at the airport and control of itsand their systems, the fuselage, engine mounting,
maneuverability as well as of loadings depreciationlanding gear and main mountings of these units).

To implement these functions according to the The strength of airframe is its most important
most general law of the structure of technical cisje Property which provides safe operation of airceet
(Act of compliance of function and structure) thé@ whole. Therefore the further consideration of
components of aircraft proper must be: airframeircraft structure strength will be considered ba t
power plant, airplane control system, takeoff an@xample of its airframe construction though it is
landing devices (undercarriage), flight andpplicable to the construction of other aircraft
navigation equipment radio, avionics andomponents as well.
communication equipment (navigation, Analysis of strength should be based on a typical
communication), electrical equipment, life supporgpectrum of loads, list of critical sites destrontof
and safety systems (including fire-fighting, stati®vhich may cause disaster of catastrophic damage of

electricity  discharges, air-conditioning, utility @ircraft; results of tests which are as a rule natu
equipment). and calculation of critical sites of aircraft desig
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Thus, there are two main principles in analyzinthe elementary example. Let us suppose that the
structural strength: where the weakest (criticafss structure must withstand the limit load of 100 kg
of construction are and what condition of critisaé during its operation. Considering the standards of
must be considered its failure. airworthiness, the estimated static failure load is
150 kg. Considered design, structure and materials
are such that the appearance of cracks of anyrsize

Any design may be divided into two parts: mairit would mean its failure. When you assign a seture
power part and “secondary structural” part. resource, it is assumed that in the process of its
Main power structure is a part of design intende@peration not a single aircraft practically will iea

for taking the stress loads effecting the aircirmathe fatigue cracks. All the critical areas for fatigonist
course of its operation. Requirements of strength abe identified during laboratory studies of strength
minimum  weight determine its sizes andand eliminated.
consequently minimum aircraft reserve factor. Safe resource (life) of the design is achieved by
“Secondary structural’ part also takes the stresseans of establishing the permissible operating
loads (but differing from main load part its siz#e time, during which the damages will not appear in
not chosen on conditions of strength but othehe construction, reducing its strength below an
conditions)  for example  constructive  oracceptable level. At the same time life service may
technological conditions) which leads to multiplehe calculated thin a number of flights, landings,
redundancy in its strength. flight hours, cycles of operation, in years, aslasl
Among the elements of the main power structurgther units that may characterize the rate of desere
the main power elements stand out which took @ strength due to degradation processes (fatigue,

significant part of actual stress loads and “seaond corrosion, etc.). In the example the safe resoisce
structural” parts take the remaining part of loads.5 gog prs.

But essential difference between these elements OfThe main drawback with the design of safe

the main power construction is that the strength ofqqyrce is that the majority of units (accesspries
the main power elements is the most important f?ﬁay be written off prematurely before their
preserving the overall integrity ~of airplane,iyiqyal longevity is over. Besides the desigihwi

construpﬂon. Namely, the strength of these glemerﬁigh value resource requires a low level of allowab
determines the overall strength of airplane

. : " ire th stresses during operation which adversely afféets t
Alr\_/vorthlness standards spec!flcgll_y require (e t weight and consequently economic data of aircraft.
major force elements and individual units of a . o

. ) . .~ The main advantage of the safe resource design is
design, the destruction of which can result it . . .
is simplicity and low costs for maintenance ashsuc

emergency or catastrophic failure of the alrplana design provides the possibility of beforehand

were by all means included into the list of struetu ) .
subjected to the strength analysis. planning for replacement of units that have worked

Structurally the main power elements can bgUt their resource. _
made in a single transmission path load (the design '€ design with acceptable damage is a plate
of a single track loading) or in the form of severa>talic strength of which Wlthout_ the crack is thene
parallel paths of load transfer (the design of mult190 kg. Allowable crack size is determined by the
path loading). following condition: the residual strength shoulel b

Single-path loading is realized if the appliegufficient to with stand maximum operating load
loads are transmitted by a singular elemenfl00 kg) i.e. not less than two thirds from theiati
destruction of which results in loss of structuréoad (airworthiness requirements). The material and
strength, i.e. its failure. Airworthiness standardstructure of the design must provide low rate of
admit but not recommend the structures with therack advance as the possibility of its detectiriro
only way of transferring loads. maintenance.

The structures with a single —track loading are: The key to the safe design with a single crack of

- the design with a secure resource; loads transference permissible damage is a slow

- the design with single-track loading butspeed of crack growth, its easy detection and
permitting the damage of a certain size. inspection program based on estimate of the limit

Designs with single-track loading will bedamage, ensuring reliable detection and monitoring
illustrated in general in a rather simplified fomth of damagem growth.

Problem Solving
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In accordance with standards of airworthiness abntrolled parameters (strength) from initial ones
civil aircraft main power components with a singleebtained during manufacture of construction.
track loading, individual failure (destruction, The damage may or may not affect the output
damage) of which causes emergency or catastropparameters of the design which are the indicatidns
situation are classified as particularly significand its strength.
responsible elements. The fails are of design are classified as gradual
Multi-path loading is realized in the design, irand sudden ones; as functioning and parametric
which applied loads are safely redistributedails; as actual and potential ones.
destruction among the remaining elements due to Gradual fails appear as a result of the progress of
their more complete loading after the destructibn gome degradation process (fatigue, corrosion and
one of the elements. Such designs are the desigiger degradation process), which worsen the Initia
that implement the principle of safe destructionstructural strength. The main sign of gradual
their static strength should be such that durirg thyonstruction failure is that of probability of its

fracture of one of the elements the remaining on@gcurrencer(t) during specified period of time from
should withstand the limit load. The key to theifes ; {4 t, depends on duration previous work of

operation is the sufficient magnitude of residuglynsiryction was in operation, the higher is the
strength after the complete destruction of onehef tprobability of its failure, i. eF(t) > F(t,), if t > t,.

elements. : - - -
. . , Fatigue and corrosion of the design are typical
Thus in the design of the airrame (as well as IQxamples of processes causing gradual failures.

the design of other components), there are parts, Sudden failures of the design appear as a result of

elements, zones, Iocal. places, 'Iongevny an|ﬂ1favorable factors and random affecting loads
operational viability of which determine the lea#l exceeding the possibility of design to their

security under the terms of structural strengttaas erception. In MOC ta\Il 25.571 such impacts are

whole. Such places of design are called critic ined as random effects of discrete character. Fo
location. There are between seven dozens to seve 3‘ '

thousands of critical locations in the airframe aof er:(amplet,. thet sérike of a bird matss of vyh(ijchh_islgnfaf
civil aircraft. Thus, the safety of design due td arll _esTlrrr:ae _mass, ?gatljr:js ?.:Nm Sf'; L oba
strength in the conditions for long-term operatien cockpit. The main sign of sudden Tafiure ot desgn
determined by failure free time, longevity, andt the possibility of its happenirfgt) during the

operational (maintenance) technologicagiven periqd of time front, to t2.does not depend on
effectiveness of critical locations of the desiga, 1€ duration of the previous work of the
by its reliability. construction.

Failure of design is an event which consists ip
breaking down its serviceability. The simples Energy affecting structure
example of design failure is its physical destmtti 7

(separation into two or more parts) or its acquisit ,

. . . . Is the level of energy enough for degradation
of irreversible residual deformation. -

. . . process to appear’?

Figure shows enlarged block diagram of a failure 7
appearing based on energetic approach [1; 2]. -

In the process of aircraft operating itS Does degradation process cause the damage? A)Gulure does n?
construction and other components are affected by ‘?pffar
various types of energy (mechanical, chemical).etc v
Theirs certain is necessary for appearing d
degradation processes. If this level is not exceged
prerequisites of failure will be absent. But if th v
degradation process appeared, it will change th is the parameter within the permissible limits?
initial properties of the materials of which the
product is made.

Under the effect of various types of energy such
processes as fatigue, corrosion etc. may appear and
enlarge. These processes may cause the damage of
construction. Damage is understood as defection of Scheme of a fault structure

Y

Does damage to a change in the output
parameter?
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Sometimes it is believed that the appearance afdesign (product) are worsened in the process of
sudden failures usually happen after conceal@geration slowly taking place processes like fagigu
changes of design properties which are not alwagsrrosion, wear, ageing etc. It's necessary to tpoin
defected during maintenance, that is why theut thatin general the process of changing pammet
division into sudden failures is conventional. Tisis may begin through some period of timevhich is
a misconception because the division into gradualso a random value and associated with
and sudden failures is determined by the nature afcumulation of damage (for example fatigue).
their occurrence and not by the fast if the caudse o Speedy of the process of parametér change is
the failure is or is not determined. Sudden failofe also a random value and depends on changing of
the design during the operation of aircraft due tparameters of separate elements of design (product)
hidden destruction process does not still mean that As a result of these phenomena forming of laws
the failure can be closing as a sudden one. Théscattering of paramet#itake placef(Y = Yyax t)
criterion here is the dependence of the probalifity or f(Y, t = T) which determine probability of
failure occurrencda=(t) on time (service life) of a parameter Y exceeding the linM}.xi. €. probability
design. of failure of the design (produdg)t).

At the result of functional failure the design can- Probabilistic nature of changing parame¥ein
not fulfill its functions. For example it is poskbin  practice stipulate an individual approach to the
case of physical destruction of the design. problem of establishing (continuing) resource and

Parametric failure leads to exceeding the paramsgervice life of aircraft. For example, operationeof
ters (characteristics) of the design its permissibproduct for ever life servicd, for which actual
limits. For example, fatigue damage of the desigmature of changing parametef, may turn out
(the length of fatigue crack) exceeded the permisgiractically impermissible because of nearnessisf th
ble amount. In complex constructions parametrigarameter to limiting value of;
failures may lead to its functional failure. Division of failures into actual and potential ones

Let us consider the general scheme of forming connected to the fast that during damage of the
parametric construction failure, given below. Thelesign i. e. fatigue corrosion etc., only in
failure will occur when the discussed parameter @omparatively rare cases failure is admitted (for
functioning Y (for example the length of fatigueexample, destruction of one of the ways of
crack) will reach its limiting valu® . transferring the load in a design with multi-track

As a result of various degradation processésading). In the majoring of cases failures are
taking place in the design. So as the time of neach prevented beforehand, i. e. during maintenance and
the limiting value is a random magnitude, its maipepair. In this case failure is seen as a potédytial
characteristics will be the law of distribution this  possible event.
time t, for example densitf{Y = Y., t). Knowing In view of this, when me discuss design failures,
of this law allows to some tasks estimatinghe main category of reliability theory.
reliability of design, product and aircraft as aokn We mean mainly potentially possible, but not
because in any fixed value of time of desigonly actual failures.
operationt = T it is possible to determine the Thus, failure of aircraft is its destruction in a
probability of failure which is quantitatively narrow and broad understanding of this term.

characterized by the integral: Destruction in the narrow sense means separation of
T construction into several parts (minimum two).
jf(Y=Ymax.t)dt. Destruction in a broad sense is appearing
0

impermissible deformations; loss of stability by

Main stage of forming the laWi(Y = Yna t) compressed elements, violation of design integrity
consist in the following. First it is necessarytaie (for example, fatigue crack, corrosion). In other
into consideration scattering of parameters of w&ords, failure of design element is words, failofe
design (productj(Y) in relation to its mathematical design element is reaching of limiting conditios, i
mean valueY,. It is connected with scattering of theunder which the further use of design element
initial indications of a new design (product) asllweaccording to its purpose is inadmissible and/or
as with such processes as vibration, deformation etnacceptable either restoring of its serviceable
which show themselves immediately during theondition or serviceability is impossible or
work of the design (product). Then the parametérs macceptable.



Contemporary Aviation and Cosmic Technologies 81

Three types of limiting states are distinguished insing respective indication or monitoring which is
modern practice of operation of products (elementsperformed with necessary periodicity.
- Limiting state determined by permissible ser- A certain construction corresponds to every limit-

vice life (resource) of a product; ing state as well as every method of maintenance:
- Limiting state corresponding to state of a — with safe resource;
product; — with permissible damage;
— Limiting state corresponding to the failure of - with safe destruction.
a product. _
These types of limiting state are the basis ofehes Conclusions
methods maintenance corresponding to them: Thus, method of maintenance and type of

~ Restoration (writing off) after service life IS oonsiryction must correspond to each  other.
over — operation on resource; _ Nowadays the method of aircraft maintenance on
- Restoration after reaching before failure statgyngition is the main method which determines the
(parameters cor_ltrol); N _ main operating principle of the design and its type
- Restoration (writing off) after failure — gperational viability, which (by definition of MOC
operation before failure. _ to AIl 25.571) includes both the constructions with
Methods of maintenance before failure occurspssible damage and the constructions with safe
and the state before failure are referred to methogestryction. The experience of operation of doroesti
of ma|nter_1ance on condition. aircraft has shown that the use of combined priacip
In maintenance on resource the moment @ gperational viability helped in a number of case
beginning the works of maintenance and repajrevent catastrophic destruction of aircraft in the
(including replacement of the element) is set theéynditions when rather high demands to
same common day for the entire fleet of typicjyalification and experience of employees in the
elements and regulated by service life. Suc§epvices of defectoscopy in some airlines turned ou
elements must have set resources before the figgfyifilled.
repair, between the repairs period and writing off.  Thys, operational viability is a leading principle

During maintenance before failure state thgf design performance of the modern civil aircraft.
elements are operated without Ilimiting there
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