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Abstract: In this article is proposed a new approach to the classification of the technical state of aircraft gas turbine engines in the
course of their life cycle. Given classification takes into account the occurrence of new kinds of technical conditions of the engine, which
arises during the operation of aircraft equipment upon technical state. For faulty operating condition and for efficient operating condition is
introduced the concept of critical and non-critical state. The article shows how is changing in the process of operation functionality of the
engine, provided in the form of a curve with a characteristic areas and breakpoint for operation of the engine. This introduced breakpoint
for operation of engine corresponds to its state before the failure state. There were introduced, on the basis of changes in the degree of
functionality of the engine, certain technical conditions into which aircraft engines can enter and stay. The introduction of technical
condition of the engine are described mathematically on theoretic-plural level. The article presents diagram of possible transitions from one
engine technical state to another affected by both the operational and external control factors.
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1. Introduction

Aircraft engine consists of many systems, components,
assemblies and parts, which in operation are exposed to a variety of
factors and affect the technical condition of the engine. These
factors are divided into two groups — the design-manufacturing and
environmental ones. The first group of factors includes the selection
of design schemes, materials, technologies, organization of
production control, etc. The second group influences the technical
condition of engine in operation. Subjective factors are associated
with external actions from maintenance personnel; they can either
enhance or decrease reliability. Objective factors reflect the
operational conditions of the object, i.e., the impact from operating
loads, the environment, etc. The environmental effect appears to
change the object parameter values and characteristics in time, i.e.,
it manifests itself in deviation of parameters from their nominal
values due to wear, ageing, maladjustments, etc. Due to diversity of
environmental effects and their random character, the actual
technical state of engine may be different within the same run time
or length of operation. In general, the states that an engine may
assume in operation as a technical object are certain transitions from
one state to another as shown in [1]. As a rule, the initial state of the
object is normal, i.e. it conforms to all the requirements of technical
and design documentation. Any inconformity with these
requirements transfers the object into a faulty state. As a result of
damage or damages, the object (engine) may pass over from non-
faulty state either to faulty operable state or faulty inoperable state,
or, to the limiting state.

The faulty operable state is a state wherein the performance of
all the preset functions is ensured (in full or in part) without going
below the allowable safety and reliability level.

The faulty inoperable or just inoperable state is characterized by
impairment of operability — a failure, i.e., the object’s inability of
performing the preset functions.

Both operable and inoperable objects may fall into the limiting
state. A normal and operable object can pass over to the limiting
state due to depletion of the specified life, obsolescence, or
economic inexpediency of its further operation. Objects can be
turned back to operation from the limiting state due to their
recovery by repair contractors; at the same time, a profound
upgrading or development may be performed. Inoperable objects
fall into the limiting state if their recovery by and at the cost of a
repair contractor is impossible, i.e., they need a repair, which will
probably imply some engineering changes and developments. If the
object recovery is impossible, it should be discarded or used as
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something else; as for example, decommissioned aircraft engines
are used in the national economy as power and gas installations.

2. Changing technical state of engine in operation

2.1. Change of engine functionality in operation

Modern strategies of operation of aircraft, such as the
(Reliability Centered Maintenance) and CBM (Condition Based
Maintenance) [2-5] are focused on the fact that the operation is
provided up to the pre-failure conditions. Thus, monitoring and
diagnostic systems must provide a prediction of pre-failure
condition status of the engine, i.e., it should provide timely stopping
of its operation.

Let us consider the problem where the possible technical states
of engine as a whole and those of its systems, components, and
assemblies will be specified more precisely. If we consider the
engine state in terms of a change of its functionality within the
“operable” time slot, i.e., before the failure took place, we can
pinpoint some points and sections characterizing the engine
functionality level in operation (Fig.2.1). The term “engine
functionality” should be construed as the performance level of
engine components and assemblies which ensure the engine
application for the purpose specified under different flight modes
and conditions.
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Fig.2.1. Change of engine functionality in operation

Within section AB, the object possesses full functionality, i.e. it is
normal. At point B, functionality begins to fall; however, this fall is
not critical one and the functionality still complies with standards,
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which means that the engine is in operable state despite some faults
not having a great impact on its functionality have taken place. With
the accumulation of damage, the engine functionality begins to
deteriorate more intensively until full loss of functionality, i.e. a
failure, is reached at point E. Section CE in essence corresponds to
pre-failure state of engine; therefore, the engine should be taken out
of operation at this section with a view of doing recovery works.
Point D at section CE will be the stop time or the time of the object
removal from service; obviously, this point will be determined
based on prognosis and with a certain probability.

2.2. Set-theoretic presentation of GTE technical state

Each functionality level of engine corresponds to a definite
technical state of its components and systems, which can be
described at set-theoretic level and presented in the form of Euler-
Venn diagram (Fig. 2.2).

Fig.2.2. Graphical representation of the possible types of engines
technical condition during operation

Set U of possible technical states of an engine (object) includes
a set of non-faulty states S, and faulty states Sfauhy ; at the same

time, the non-faulty state is always operable — Soperab,e. The

intersection of the set of non-faulty states and the set of faulty states
generates a set of operable non-faulty states S, . At the same

time, an operable faulty state, in terms of its influence upon the
engine reliability, may be uncritical S,y and critical (pre-

failure) S, Transition from critical to inoperable state (failure) is

possible; however, if the object operability (non-faulty condition)
cannot be recovered by virtue of operating company or this is
impossible due to the complete object destruction — the object

passes over to limiting state S,immngﬂam. An engine may pass over to

limiting state from operable/non-faulty state due to technical or
economic inexpediency as well. Then, we can formulate it at set-

theoretic level as follows:
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We introduced here, that set CA[] is generated by operator
action CA (control actions) on subset [] of set S While set

P[] is generated by operator action P (preparatory works) upon
subset [-] of set S_ca -

The engine falling into the technical states shown above can be
described as a random (stochastic) process X(t); one of the models
of this process [58] is formulated as

(12) X(©) = A®) + X, (0),

where is a determinate, continuously differentiable function, while
X, (t) is a stationary ergodic normal process with zero mean. To
predict the transitions of process X (t) from one state to another, a
certain supporting process

(13) Y(t) = A() + Ye(t)

is used, where Y,(t) — predictor for X,(t), calculated at the
moment (t —m); atthatm >0 will be a certain selected
variable. If the value Y(t) calculated at the moment (t —m)
exceeds a certain critical value @, then a warning message about a
possibility of process X(t) overrunning level (@i <u) at the
moment t.

3. Classification of GTD technical states during the
process of operation

Traditionally, are distinguished serviceable and fault states,
wherein fault conditions are distinguish operable and inoperable
states [6]. In diagnostic practice, in general, quite often distinguish
only two states — operable and inoperable. This approach is quite
simplistic and mismatches principles of modern strategies of
exploitation of aircraft.
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Fig.3.1. Cognitive graphical scheme of service engine transitions
from one state to another: 1 — damage accumulation; 2 —
performance restoration under control action; 3 — operational
performance restoration; 4 — depletion of specified life, economical
or technical inexpediency; 5 — full loss of functionality; 6 — possible
transitions from limiting state
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Thus, observing the process of a change of technical state of
engine, we can trace the actual current state of the engine and,
respectively, schedule maintenance and repair operations. The
process of engine transitions from one state to another in operation
may be presented in the form of a graphical scheme (Fig.3.1).

The scheme presents the dynamics of possible states of GTE
throughout its lifecycle. On damage accumulation, the engine
passes over sequentially from non-faulty to operable uncritical state,
then to critical state and, finally, loss of operability, i.e., failure is
reached. The engine can be recovered from critical and inoperable
states to operable state if a control action is applied — like for
instance, change of the engine operation mode or passing over to
emergency or backup control, leaving the boundaries of an adverse
weather zone etc. In this case, we may speak of a temporary
recovery of engine operability in an emergency.

If the damages received by engine are essential, which leads to
engine decommissioning for an indefinite time — such a state is
considered to be limiting. An engine can be transferred to the
limiting state on depletion of its specified service time as well, or,
its further operation as intended is technically or economically
inexpedient. On getting into limiting state, engine can be restored to
non-faulty state; it can also be redesigned for a different function, or
commissioned. The scheme gives a clear idea of the possible states
of engine and the understanding of what actions should be taken in
operation.

3. Conclusion

Modern aircraft operation strategy aimed at reducing operating
costs and maintaining reliability at a safe level. The modern means
of monitoring and diagnostics of technical state allows to determine
and predict the actual technical condition of the engine. Therefore,
the proposed classification of the technical states of the engine
makes it possible to display, more accurately. The actual technical
state in which may be the engine during operation.

The developed scheme of transitions of the engine from one
technical state to another clearly shows how changes occurs in
technical condition throughout the life cycle of the engine.

This article also presents a mathematical description of the
theoretic-plural level of possible technical states and their
transitions from one state to another

39

4. Literature

1. Keba U.B. [InarHoctika aBHAIIMOHHBIX Ta30TypOMHHBIX
neurarenei. M.: Tpancnopt, 1980. —248 c.

2. Condition Based Maintenance Plus DoD Guidebook.
Department of Defense USA. 2008. —116 p. Available to:
http://www.acq.osd.mil/log/mpp/cbm+/CBM_DoD_Guid
ebook_May08.pdf

3. Bloom Neil. Reliability Centered Maintenance (RCM):
Implementation Made Simple. McCraw-Hill.Inc., 2006. —
301 p.

4.  Smith A., Hinchcliff R. RCM: gateway to world class
maintenance. Elsevier Inc. 2004. — 361 p.

5. NAVAIR -00-25-403 Guidelines for the Naval Aviation
Reliability-Centered Maintenance Process. 2005. — 195 p.

6. HosuxoB A.C., Taiixkuu A.T'. , Cuporun H.H. Kontpomns
U AUAarHOCTHKA TEXHHUYCCKOTO COCTOSTHHUS FaSOTyp6I/IHHbIX
neurareneit. M.: Hayka, 2007. — 469 c.

YEAR IX, ISSUE 5, P.P. 37-39 (2015)





