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Abstract

This paper illustrates that repairable systems are those
systems which, in the event of a failure, can be repaired,
eg., by replacing a component, and be returned to
regular operation. In some cases, the reliability of a
system, after a repair, returns to the same state as

before the failure.
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Introduction

There are two types of systems. The first is repairable
systems, and the second is non-repairable systems. If
we assume the system is an automobile. Most
automobiles are repairable systems and not replaced
when they fail. But on the long run we should replace
it when the cost of repairing it becomes very high. In
this paper we will investigate this point.

Repairable systems are those systems which, in the
event of a failure, can be repaired, e.g., by replacing a
component, and be returned to regular operation. In
some cases, the reliability of a system, after a repair,
returns to the same state as before the failure.

For major repairable systems, a repair will be carried
out when the system fails, or before failure,
according to a preventive or predictive repair
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The Bathtub Curve

The life of a system can be divided into thre:e distinct
periods. Figure 1 shows the reliability “bathtub
curve” which models the cradle to grave
instantaneous failure rates vs. time. If we follow the
slope from the start to where it begins to flatten out
this can be considered the first period. The first period
is characterized by a decreasing failure rate. This first
period is also called infant mortality period. The next
period is the flat portion of the graph. It is called the
normal life. Failures occur more in a random
sequence during this time. It is difficult to predict
which failure mode will manifest, but the rate of
failures is predictable. Notice the constant slope. The
third period begins at the point where the slope
begins to increase and extends to the end of the

graph. T.his is what happens when system become old
and begin to fail at an increasing rate,
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Life Data
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exact-time-to failure is unknown buyt falls withiy ,
known time range. For example, the ypjt faileg
between 100 hours and 150 hours (interval censored)
or between 0 hours and 100 hours (left censored),
[n this paper we will concerned with the number of
failures in a given period. (e.g. the number of failures
of the unit for period of 30 days of operation)

Mean Time Between Failures (MTBF)
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meorelical background
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Thus it can be described either by its
ensity function, f(1), or by its cumulative
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F(t)= J'f(u)du
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R(t) = 1-F(1)

One method of measuring the reliability of a product
is to test a batch of items over an extended period of
time and to note the failure times.

After testing a sample of items, we will have a series
of observed failure times denoted by

0< <1, 2.5,
Thus it appears that our problem is to estimate the
related functions f(t), F(t) and R(t) from the observed
failure times. However if the type of mathematical
distribution is unknown it is often expedient to
estimate another function called the conditional
failure rate function (or hazard function or
instantaneous failure rate function) which is given by

Then the probability that an item will fail in the

interval from t to {4 Af, given that it has survived

until time t, is given by Z(t) Ar. It is most important
to realize that this is a conditional probability and
that Z(1) is always larger than f(t), because R(t) is
always less than 1. For example, the proportion of
cars which fail between fifteen and sixteen years is
Very small because few cars last as long as fifteen
Years. But of the cars which do last fifteen years a
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| fail in ¢ .
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escrib istributi
failure times just as completelye.:st;:) (::l;l(bu“on (')f
perhaps the most basic measure of reliabi]itf)‘ e
Itis useful to establish 4 direct relation het\z-e Z
and R(1). This is done in the following way "o
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In a given system, failures due to the occurrence of
fault(s) take place at a given rate. A failure rate of a
system, |, is defined as the expected number of failures
of the system per unit time.The Reliability, R(t), of a system
is defined as the conditional probability that the system
operates correctly throughout the interval [t t] given
that it was operating correctly at ty- A relationship
between reliability and time that has been widely
accepted is the exponential function, i.e., R(f) = eM The
mean-tinte-to-failure (MTTF) of a system is defined as the
expected time that a system will operate before the first
failure occurs. The relationship between the MTTF of a
system and its failure rate | can be expressed as

MTTF =+
7

Whenever a given system fails, it may be possible to
bring it back to function through a process called
system repair. Repair of a system requires the use of
a workshop characterized by a repair rate, p. The
repair rate is defined as the average number of
repairs that can be performed per unit time. The
mean-time-to-repair (MTTR) of a system is defined as
the expected time that the system will take while in
repair (being unavailable). The relationship between
the MTTR of a system and the repair rate j can be

expressed as
I

MTTR =—
H
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Case study

First of all we need the failures and its cost of
repairing for at least 6-months periods, each period
one month to take the decision.

| Month | No. of Failures Total Cost of
\ Repairing in each month
' ; 3 975 §
| 4 1050 §
;"’ 3 980 §
| 3 957 $
Lﬁ 5 1200 $
] 8 910 §

m = 6 months

If the Price of New
one =PN, PN =250
And the Bank Rate Loan = BR, BR =0 0400 $
MTCP = L1¢r, “ |
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‘.Z P = 6072 $
MICP = LTCh _

PN *
N'*BR = 25000 « 004 - 1000
MTCP > py BR
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