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RELIABILITY OF FLEET OF AIRCRAFT
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Review of the problem of elimination of aircraft fatigue failure can be seen in [1]. It is
solved using two main methods: safe-life approach or fail-safe approaches. In this paper we
consider the solution of this problem using second approach. In previous investigation [1] the
reliability of one aircraft was studied usually. Here we consider the reliability of a fleet of
aircraft of the same type taking into account that if fatigue crack is discovered in any aircraft
then any fatigue failure in the fleet will be eliminated because this and all other aircrafts in the
fleet will be discarded from service. Redesign of this type of aircraft will be made before new
attempt to continue the service will be made. In [1] really the fatigue failure of one aircraft, p, .

was studied, but reliability of fleet of » aircraft was calculated using equation of probability of
independent events: 1-p, =(1—p,)" . where p, was probability of any failure in the fleet of

N aircraft. This calculation corresponds to assumption that after discovery of fatigue crack in
any aircraft we make redesign (repair) only of this specific aircraft but the service of all other
aircrafts in the fleet will be continued without any changes, as if we do not do any exchange of
information. In this paper we take into account the exchange of information about the crack
discovery in any aircraft and take into account the human factor also. This mean that we take
into account that the fatigue crack will be discovered only with probability w, w<1, even if
during inspection it has detectable size. The reason of this can be the low level of labour
discipline or any other combination of circumstances (human factor). The human factor also
was not taken into account in [1].

We make assumption that some structurally significant item. the failure of which is the
failure of the aircraft, is characterized by a random vector (Tp, T¢), where T¢ is a critical
lifetime (up to failure), Tp is a service time, when some damage (fatigue crack) can be detected.
So if inspection will be made in interval (Tp, T¢), then the fatigue crack will be discovered with
probability w. We suppose also that a required operational life of the aircraft is limited by
specified life when aircraft is discarded from service.

As it is shown in (Paramonov er al., 2011), the following simple exponential model of
fatigue crack could be used for approximation of its dependence on time: a(t) = aye?t, where g
and Q are some parameters. In this paper we assume that Q random variable, which has normal
distribution but g, is some constant (see more general assumption in [1]). Then it can be shown that
random variables Tp = (logag —logay)/Q = C4/Q and T¢ = (loga, —logay)/Q = C./Q.
where a, and a, are fatigue crack size when it become detectable and critical (correspond to
failure), have lognormal distribution also. And we assume that parameter of these distribution
are known [1]. This assumption allows calculating the probability of any fatigue failure in fleet
of aircraft for specific inspection program.

To prevent the failure in the fleet with information exchange, it is enough to find at least
one crack before the failure of any aircraft in the fleet. Let Td‘+ =t;+ Ty, and TqJ' =t + T
be the calendar time moments when fatigue crack can be discovered and aircraft failure
correspondingly for i-th aircraft. where ¢ is time moment when service of i-th aircraft begins,

32



ernitional Conference “RELIABILITY and STATISTICS in TRANSPORTATION and COMMUNICATION - 2012"

oty i=1..N.Andlet Ig; = {i: Ty < tgy, i = 1,..., N} be a set of indexes of aircraft
ure hich can take place if inspection is not provided. Let us define the calendar time
ure in the fleet of aircraft without inspection: Ty* = min {T., *:i € Iy, }. Let us define
=fmin(Tq"' ,T,"),i €lgand R = Ztan R; is total number of planned inspections in
fleet before 7; .where R; = ma.x({[('l‘,‘+ -t;)/D] - [(’I‘d‘+ —t; )/D1}L0),i € Ig;, is
m inspection number of i-th aircraft from the set Is; for inspection interval D (it is
specific schedule of inspections for i-th aircraft: ¢; + D, t; + 2D, ... i=1,..N).

l (D)= 2. |7 (1 = w)'@)dFy, (1) .. AFoy (Gn), (1)

),q = (g4, ..., Gn), is realization of random variable R.

Jsing this equation (and Monte Carlo method for calculation for large N) we can choose
ection program (in considered case: inspection interval, D) under condition of
of this probability by some fixed small value.

stimation of parameter distribution of random variable 7, and 7, can be obtained

ing results of full scale fatigue test of airframe. Taking into account that these estimates
indom variables the minimax approach should be used for final decision [1] but this is the
¢t of another paper. The necessary method and PC program are developed.

ind composite materials. Riga: Aviation Institute of Riga Technical University.




