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Abstract. Purpose is to propose and study a mathematical model of optimization of mainte-
nance of overhead devices, which considers the scope of recovery of service life. Methods.
The analysis of this issue has proposed a strategy and a mathematical model of optimization
of maintenance of overhead system, as a kind of a long length object that may undergo pre-
ventive replacements and overhauls with minimum emergency repair in case of failures of the
overhead system. Besides, the paper describes several particular cases of the general model
when performing only preventive replacements, or only preventive overhauls. To take into ac-
count the scope of service life recovery when performing a preventive overhaul, we use the
parameter, which means the “age” of a long length object and which is defined as the differ-
ence between its pre-repair service life and inter-repair service life, related to the pre-repair
service life. Results. At the given values of the number of preventive overhauls and scope of
service life recovery, we obtained the expressions to define the optimal frequency of preventive
overhauls and replacements of overhead system, as well as the optimal specific operating ex-
penses. At the given values of the frequency of preventive replacements and scope of service
life recovery, we obtained the expression to define the optimal number of preventive overhauls
up to the replacement of overhead system. Conclusion. To take into account the scope of
service life recovery after overhaul, it is advisable to use the parameter which is defined as
the difference between pre-repair service life and inter-repair service life, related to the pre-
repair service life of the overhead system. The proposed mathematical model of optimization
of maintenance makes it possible to define the optimal frequency of preventive overhaul and
replacements of overhead system, as well as the optimal number of overhaul for the period of
the overhead system operating life under the given scope of recovery of service life.
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the intermediate values of scope of recovery of the devices’
service life within these two extreme cases which are of

According to [1], let us understand maintenance as a set of
measures aimed to maintain and recover an operable condi-
tion of equipment, as well as to recover its service life.

Operation of the overhead system (OS) is accompanied
by maintenance (M), current repairs (CR) and overhauls
(0), as well as by reconstruction equivalent to preventive
replacement [2,3]. Under the performance of maintenance
by means of examinations, inspections, testing and measure-
ments, only technical condition of OS is defined [3]. Besides,
according to [4], when doing CR, only the recovery of
operating capability takes place, but when doing overhauls,
the recovery up to the certain level of the object’s service
life is done. Full recovery of service life takes place only in
case of replacement of OS equipment.

At present in the reliability theory [5,6] some methodo-
logical issues have been developed regarding optimiza-
tion of preventive replacements (PRpl) with emergency
replacements (ERpl), when initial reliability of devices
is completely recovered, or PRpl with minimum emer-
gency repairs (MER) in case of failures. The publications
mentioned includes only two extreme cases of scope of
service life recovery: no update when MER is done and
full update when ERpl or PRpl is performed. But they are

practical interest.

Purpose of this article is to propose and study a math-
ematical model of optimization of overhead system main-
tenance, characterized by the extent of scope of service life
recovery.

Strategy and mathematical model
of maintenance optimization

To consider the scope of service life recovery it is
proposed to use the parameter a = Tpr — Tir according to
[7] which means “age” of the overhead system after the
preventive overhaul. Tpr and Tir here are pre-repair and
inter-repair service life respectively [7]. In future, when
developing mathematical models for maintenance opti-
mization it is advisable to use a dimensionless parameter
o = a/Tpr to estimate the scope of service life recovery. If
o =0, it means that replacement has been done. If overhaul
is done, for example, in ¢ time, then the OS “age” decreases
from 7 to o.t.

From the perspective of reliability overhead system is
considered to be an extended object with many different
elements connected in series. In the process of troubleshoot-
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ing only a separate damaged OS section is recovered, and
practically, it does not affect the current reliability of OS
as a whole. In this regard, let us consider the maintenance
strategy under which failures are eliminated by minimum
emergency repair, and after n of preventive overhauls the
replacement of OS is done.

The change of the failure rate (FR) depending on the
operation life under this strategy is shown in fig.1. After
minimum emergency repairs the failure rate is not changed.
After preventive overhauls (PO) with frequency x and scope
of service life recovery o, FR is reduced to A(a),and after
PRpl with frequency xp it decreases to a zero level. At the
time of PO and PRpl FR is A(x+a). Here x and xp are meas-
ured in units of service life.

The mathematical model of OS maintenance optimization
under this strategy is defined from expression

y=(1+ny+8_f7»(x)dx)/c[,, @)

where y is the relative specific operating expenses;

v is the parameter of overhaul cost;

¢ is the parameter of cost of minimum emergency re-
pair;

A is a failure rate;

The number of failures at 0 — x, interval is defined as
follows:

| M@y = [A(x)dx+ (n+1) [ Ao =
0 0 o
=nlnP(o)—(n+1)InP(x+a), )
Here P is the probability of reliable operation.

Substituting the values J A(x)dx from (2) to (1), and keep-

ing in mind thatx, = o + (r(z] + 1)x, we shall get the following
mathematical model

l+my +S(nlnP((x)—(n+l)lnP(x+(x))
r= o+((n+1l)x '

3)

Let us consider two particular cases of the model (3):

with n = 0, when a = 0 (there are only replacements that
completely recover the initial service life) we obtain the
following mathematical model

yz(l—slnP(x%,

that is known as the model of preventive replacements
with minimum emergency repair in case o failure [5];

with n — oo (there are only overhauls that partly recover
the initial service life) after we revealed the indeterminacy
in (3) we shall obtain the following mathematical model

=(y-e(nP ~InP
y = —e(ln Plx-+0) ~In P@)/

that is known as the model of preventive overhauls with
minimum emergency repair in case of failure [7].
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Using expression (3) with given values of n and a, the
optimal frequency of preventive overhaul x, and minimum
specific operating expenses y, could be defined from the
condition dy/dx = 0 as

@+ (n+1)x,)A(x, + o)+ (n+1)In P(x, +0) -

(1+”Y);

—-nlnP(o) =
Vo = €AM(x, + ).
Frequency of O can be defined from the expression
X = (xp—oc)/(n +1). “4)
Then x+0.= (x ,+na) [n+1). %)

Substituting the obtained values of x and x + o from (4)
and (5) to expression (3), we shall transform it to the fol-
lowing form

y=[l+rly+8(nlnP(oc)—(n+l)lnP(x”n-:};a]D/cp 6)

Using expression (6) with given values of » and o, the
optimal frequency of preventive replacements x,,, and mini-
mum specific operating expenses could be defined from the
condition dy/dx, = 0 as

X, + 10, X, + 10,
X A —— [+(n+])In P| —— |-
’ n+l n+l
—nln P(t) = (1 + ”Y%;
X, , +no

=en| 22— |.

T ( n+1 J
Using the expression (6) with given values of x, and a,

the optimal number of overhauls », could be defined from
the condition dy/dn = 0 as

X —O X +n,o X +n,0
| |+ mp| —lnP(oc):V.
n, +1 n,+1 n, +1 €

Conclusion

To take into account the scope of service life recovery
after overhaul, it is advisable to use the parameter which is
defined as the difference between pre-repair service life and
inter-repair service life, related to the pre-repair service life
of the overhead system.

The proposed mathematical model of optimization of
maintenance makes it possible to define optimal frequency of
preventive overhaul and replacements of overhead system,
as well as optimal number of overhaul for the period of the
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Fig. 1. Change of failure rate due to preventive OR and replacement with minimum emergency repairs

overhead system operating life under the given scope of
recovery of service life.
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