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OPTIMIZATION OF STRATEGY OF THE CONTROL OF
SERVICEABILITY OF SYSTEM WITH DUPLICATION ON
FUNCTIONING

Abstract. Questions of a finding of the optimal length of intervals between inspections
serviceable condition of the technical system with redundancy are discussed.
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Introduction

At operation of technical system it is possible occurrence of failures over a set of
parameters defining its working capacity. Checks of serviceability of technical system
are spent for their elimination. Various groups of parameters can be supervised
continuously, periodically or they are not supervised during all term of operation.

In the course of system engineering it is necessary to choose such strategy of the
control of its serviceability which provides the efficiency of its use to destination.

Various kinds of redundancy of subsystems, units, elements are used for the purpose
of increase of level of non-failure operation of technical systems. One of the most
widespread is redundancy under the scheme "1 of 2" or duplication.

By working out of technical system there is a problem of definition of optimum
characteristics of its service, in particular, a type of reliability check, number of the
periodic control checks and the moments of their carrying out.

Let's conditionally consider that the technical system consists of two elements and

the scheme of the loaded reserve is used.
The analysis of publications on a research theme

Problems of an estimation of efficiency of operation of technical system at a
modular method of repair are considered in works [1-3].

In work [5] influence of characteristics of non-failure operation of an element of
the duplicated system, duration of the control of serviceability of each element on
efficiency of use of technical system is investigated.

The formula for the approached estimation of optimum duration of an interval between
checks in case of check of serviceability of the basic and reserve element was
obtained.
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Purpose of article

Purpose of article is to show the decision of a problem of a choice optimum
durations of intervals between checks for system with duplication at check on

functioning when it is not known, redundancy remains or not.
The basic part

The technical system which is in a condition of readiness to carry out any

problem on interval [0, T] , where T is the term of operation, is considered.

At the casual moment of time in regular intervals distributed on interval [0, T] ,

the command on application of technical system can arrive. Then existence of the
latent refusals of elements of system is possible. Checks of serviceability of technical
system are spent for their elimination.

In this case the periodic control of serviceability is considered. We will consider,

that control strategy is defined by a vector of intervals between checks € .

At check on functioning refusal of one element will not be noticed, and the
system will be considered as the serviceable. However its efficiency will lowered.

Let efficiency of operation of technical system is defined by readiness factor

Kp(0")=supK(6)

OeR
’

where R — the range of set of admissible strategies of the control.

Let's look, as duplication of elements influences strategy of the control.

Duplication is a special case of the scheme of redundancy "m of N", when m = 1,
and N = 2.

Let's consider the ideal control when errors of diagnosing of a technical condition
of system are absent.

In this case the system can be in following conditions: E; — both elements are

serviceable, E, — one element has given up, E; — both elements have given up.

_ 2
Probability of non-failure operation of system P(1)=2p(0)-p"() , where P ()

probability of non-failure operation of an element.

Let time of non-failure operation of an element is distributed on exponential law
with parameter A.
In this case process of change of conditions of system can be described by

Markov casual process.
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Let's suppose that checks of serviceability of system are beginning in the
moments t'y.;, and they are finished in the moments t, = t', + 1, where t — the resource
expense at one check.

Probabilities of conditions of system during any moment of time t, t, < t < t, are

determined as follows:

R(t) = Ry(OI_, A(8,)BA(t — ;) (1)

where R (?), R, (1) — matrixes of probabilities of conditions of system during the
moments t and ty, 4 and B — matrixes of probabilities of transitions during of the interval
between checks and at check [1].

The uniform arrangement of checks is optimal strategy of the control of

serviceability for system without a reserve [4].

—2AG;
. a =g E)
Elements of matrix A4 are calculated under formulas: i ,
Ay = Ee_}'ai[l - e_}ﬂij a3 =(1— e_mijg azy =0 (yn = e~
9 9 - b 9
=1 —A8; — — —

9 M 9 M

_ —2AT

Elements of matrix B are defined as follows: ,

by, = 29_}1(1 - E_}'TJ bz = (1- E_}'TJE byy =0 by = e by =1-— e

2 2 2 b

by = e M by = 1— e by = (1 E_J'TJE_

2

Distribution of time of non-failure operation of system is not exponential for
system with a redundancy, and, strictly speaking, the uniform arrangement of checks is
not optimal.

Let's consider how lengths of intervals between checks are variated in our case.

For simplicity we will assume, that one check is spent on interval [0.T] Then from

expression (1) it follows:

K.(t) = {;[1 o) —:—}[1 _o7P8s) 4 [1 = 20 MEHD) 4 p2E)] [;[1 3

e~ %[1 B E_,-z;u.eg)] 1 [2e7 M8+ _ 9pm2h@+0] E(l _ e-;a_a:)” T Q)

where 0; — duration of j-th interval between checks.

Example. Let the onboard computer consists of two channels included under the

scheme of the loaded reserve, failure rate of one channel A =021 l/year, T = 0.002
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years, T=1 year. Then optimal duration of intervals 0, = 0.653 years, 0, = 0.347 years
and K, = 0.9933. If failure rate at check on two order above, than in an expectation
mode, 0, = 0.666 years, 0, = 0.334 years and K, = 0.9927.

If to accept strategy of checks at which intervals between checks are equal, K, =
0.9926, and in the second case of K, = 0.9911.

Thus, in practice it is possible to use strategy of checks with equal intervals

between checks.
Conclusions and prospects of the further researches

Studies of ways of definition of optimal strategy of checks of serviceability of the
technical system which elements are duplicated were conducted, and at check process
of functioning is supervised only.

Optimization of lengths of intervals between checks was carried out. It is shown,
that at check of system with duplication on functioning, optimal strategy is such, at
which lengths of the subsequent intervals are reduced. However application of strategy
of checks with identical length of intervals between checks slightly reduces efficiency
of technical system operation.

In the long term it is supposed to extend the received results to other, widely used
kinds of redundancy.
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