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Abstract

If a system can be characterized by an increasing failure rate, then it is advisable to replace
it before it has aged too greatly. On the other hand frequent replacement means excessive cost.
Therefore, the optimum replacement interval has to be determined which will minimize the
maintenance cost. Here a simple method has been worked out to ascertain the optimum value of
block replacement interval. An error committed in reference (1), while calculating the value of
renewal density has been rectified. A necessary condition for calculating the optimum block
interval is derived.

Introduction

In order to determine the preventive maintenance interval the expected
cost for exchanging non-failed item (C,) and the expected cost of failure (C,) are
required. In real life this value (the ratio of the cost of preventive maintenance
and failure maintenance) may change in course of time. When this value
changes, then the new preventive maintenance interval (7;) is to be determined.
In order to avoid repetition of the optimization and for the simplification of the

consideration of the effect of the change of %_’ it will be useful if we can
1

. . . C . .

determine relationship between _C_Z— and T,. In section 2 we develop a simple
1

method to determine the block replacement interval and we also reveal a

necessary conditions that is required for ascertaining the optimum block
interval. In section 3 we develop and illustrate a diagram from which the value

of T, can be readily seen if the value of g—z- is known.
1
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Determination of block time

Under a block replacement, the unit is replaced at times KT(K —1,2, . ..)
and at failure. The expected cost B(T) per unit of time following a block
replacement policy at interval T over an infinite time span is given by

C,M(T)+C,

B(T)= T

1)
where M(T) is the renewal function (expected number of failures in [0, T7])
corresponding to the underlying failure distribution F(T). We know from
reference [ 1] that a necessary condition that a finite value of T, minimizes B(T)
is that it satisfies equation (2) obtained by differenciating equation (1) and
setting the derivative equal to zero:

dB
— =0
daT T=To )
C,
= Tom(Ty) = M(Ty)= -
1
where m(Ty) is the derivative of M(T;) and is known as renewal density.
M(T) can be written as follows:
MT)= [ T1-+ M(T—) (x)dx ®)
Now let
[1+M(T—x)]f(x)=9g(T x)
We know that,
T T
[ J(; g(T, x)dx] (t)=[ g c19(T, x)dx] +9(T Tp)
Now
g(T, x)= f(x)+ M(T—x) f(x)
and
019(T, x)= f(x)m(T—x)
Thus for m(T) we have,
T
m(ﬂ=[ (I) f(x)Vn(T—~X)dXJ + (D) +M(T-To)f(T)]=
= (j) S Gym(T—x)dx + f(T) 4

It is to be noted that reference [ 1, page 50] carries an error probably a printing
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error where m(T) is calculated as

T
m(T)= g [1+m(T—x)]f (x)dx
which is quite wrong.
In section 3 optimum values of block time for different values of %’; are

1
calculated. Fig. 1 shows that not all the values of T; derived with the help of the
equation 2 are optimum.

T
—H b=

Fig. 1. Block replacement policy. (7, =block replacement interval, PM = preventive mainten-
ance, RF =restoration at failure)

. dB .
For the derivative of a1 we get the following equation:

d’B _ C,[m(T)+ Tm'(T)—m(T)]T? —2T{C,[ Tm(T)— M(T)] - C,} 5)
d7? T4

Now if we want to determine the optimum block time T we get from
equation (5) that the following condition should also be satisfied:

C,m'(Ty)
_— 6

T >0 (6)
that is sgn m'(T,)=1.

We know from trapezoidal formula that:

h X .
z’; f(x)dx —2— Z o f(a+ih)
where,
b—a N 1 i=N or i=0
h= N and P {2 otherwise

Using the above formula and after mathematical simplification what we
9*
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get from M(T) is:

For i=1 M(ih)= F(hlh) (7.a)
=3 /(0
and i=2,...,N
i—1
F(ih)+h Z S(h(i—j)M(jh)
M(ih) = =1 ; (7.b)
("
1-3 /)
And for m(T) we get the following expression:
For i=1 m(ih)= —f(Tlh)— (8.2)
1-3/0)
and fori=2,3,...,N,
i—1
fGhy+h Y f(h(i—))m(h)
m(ih)= =1 ] (8.b)
1
1-5 /(0)
For the purpose of iteration we express equation (2) as follows:
fo = — (tn’n(tn)_M([n)—C?.I)(tn_tn—l)
mre tom(t,)—m(t, )
where C,, = =3
1
If &(T)=Tm(T)— M(T)— C,, =0
Then [n+ L= tn _ é(tn) (t" ~_ tn—- 1) (9)

[m(tn)_'m(tn- I)Jtn'

By using a computer programme written in BASIC language in

COMMODORE 64 the optimum value of T is determined. Only those values
. . - . Cy-m(T,

of T, are accepted which satisfies the necessary condition (6) that is 1 m(To)

>0.

0
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3. Simplification of the determination of preventive maintenance

. . C
interval for different values of —Cl
1

let C, =C(T,)

C, —
Then equation (2) can be written as follows:

Ty - m(Tp)— M(Ty)= C(Tp)

We use the same computer programme (list of which is given in the
appendix) mentioned in section 2, for different values of T, the values of M(T)
and m(T,) are calculated. By using these values f T, M(T;) and m(Tj), the values
of C(T,) is determined for given T;,. Thus we get Fig. 2 that enables us to read

optimum values of T for different values of %
1

Example

Suppose that F(t)=1—e™ " where t >0 and a= 1.5 (scale parameter of a
Weibull distribution) b=2 (shape parameter of a Weibull distribution).

We are interested in C(Ty). Now by using the computer programme given
. . . . . C .
in the appendix we get Fig. 2, from which for different values of —C—Z the optimum

1

block time T, can be easily read, for given a and b.

4. Conclusion

An error committed in [1] for calculating the renewal density function is
corrected. A necessary condition for calculating the optimum block interval is
derived. In real life the diagram shown in Fig. 2 may be used to determine the

modified value of T, when G is changed. With the help of the procedure

o
discussed in section 2 the block time can be easily ascertained.
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> DEFFNT (x)=F~Ux)
~ TN = TP+ FNT{RND(O})

~F-

Fig. 2. Block diagram of the computer program used for the generation of failure distribution
under preventive maintenance. In the figure the following symbols are used of which the
respective connotations are given here:

F: Name of the file where the generated failure data are to be stored
NM: Number of the failures which could not be prevented

TN-D: Time between two consecutiv failures that could not be prevented
TB: Optimum block interval

D, TP: Program variables

INT(TN/TB): Number of cycle in which the failure has occurred
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Appendix
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GOTO 160
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FPEINT#1
H=THH
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GF T a=

MEXT 1

GOTO 19E19

REM #: COMPUTATION OF 7587 I CRZE OF METBULL DIST, sea¥
FOR I=8 TO H
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REM ##4#% JTERRTION FOR ASCERTRIMING OFTIMUM BLOCK TIME ####
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