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Introduction:

When we deal with the problem of finding the effect of
combination of tihe preventive maintenance and repair to the
1ife time of a two unit stand-by system. Two policies for
inspection have been considered. Policy I, the operative
unit undergoes inspection when the inspection.time comes
regardless of t'e state of the other unit, and policy II,
the  operative unit undergoes inspection when the inspection
time comes, only of the other unit is n stand-by state. Thus
no inspection takes places for the operative unit if the
other unit is under repair or inspection.

[2],[3j],[1{1, have studied this problem under the two -
policies, but in(13, [S] proved that there 'is no solution

policy II, because the authers Yﬁf],[qil, have follen in a
number of faults, ; 3

In this paper we find a solution for the probleum under

policy II, and under the following assuumption.
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R(t-) =

Rl(t) o

The operational time of the first unit has a distriﬁutién
function F,(x), and the second in the main state Fy(x).
The repair time of the first uni: has a distribution
function Gl(x), and for the second Gz(x).

The time %o inspection for the first equipment has a
distribution function Ul(x), and for the second Ug(x).
The time from inspection to the énd of inspection for

the first unit has a distribution function V,(x), and

for the sécond Vg(x)°

The repair of the failed unit, or the inspection, starts
immediately.

When the main unit breaks down or goes to inspection the
reserval (if there is) instantly taken the load of the

failed unit, or the unit under inspection.

The reapir and inspection return the unit coupletely to
the normal state. '
We use the following terminology.

denotes the probability that the duplication system will

work smoothly to the .instant t.

denotes the probability that the system in which the
first unit failed at instant O will work smoothly to

the instant t. o



Rz(t) -~ denotes the probability that the system in which the
first unit is under inspection at ingtant 0 will work

smoothly to instant t.

It is easily to see that R(%t), Rl(t), Rz(t)‘satisfy the
following integral equation.
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Introduce the laplace Transforms:
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In term of Iaplace transform equation (1-3) will be after some

rearrangment in the following form.

R(s) = a,(s) + dp(s) By(s) + a,(s) Ry(s) e )
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EEROHES "01(5)52(.5)-91(5)1{32(53}Rl(S)-—[bl(s)gl(s)+bl(s)é1(s)+

I-:+Cl(s)’{l(s)+£l(s%a.(s)+el(S)Ea(s)+el(s)52(s)] Rz(s) =

= a5(s) + ay(s) [blCS) + ¢cy(s) + el(S)] (5)

- [b2(s)Tal(s)+02(s)/‘r\;z(s)fea(s)ﬁt’na(s)] Rl(s) + 1-%2(5)51(5)_132(5)31(3) =

—02(s)c%(s)-—ca(s)é;(s}-ee(s)—ga(s)e(s)-—ga(s)g"g(s)l B

= aa(s)+al(s) [be(s)+c2(s)+ca(s)] (6)

From equation (5), (6) we get

R, (s) =[{a2(3)fal(8)(bl(5)+el(5)-l-el(3)} E 1-?2(5)%(5)_32(5)32(3}(1:- -
A

+ ca(s)ee(s)~e2(s)ez(s)-—ea(s);;(s)ﬂ +
+1a2(§)+al(s)(be(s)fc2(5)+e2(s).}[bl(s)cl(s)-i-bl(s)el(sh

+ cl(s)+c2(s)+cl(s)eg(s)]}$ e c, + eleaﬁl /
/(é—bl(S)bl(S)-cl(S)ba(S)—61(5)’02(5)} {l—bz(s)el(s)—bg(s)cl(s) -
- 0202(5)-°2(S)32(S)"e2(5)62(5)_32(S)C2(8>] —-ibl(s)cl(s)+bl(s)el(s)+

+c1(s)c~.2(s)+cle2(s)+el(s)cg(s)+el(s)e2(s)}zba(s)blgs)+c2(s)b2(s)+

+ eg(s)bg(s)j 3



R2(S) —{l-bl(S)bl(SD —c4(8)by(s)-e;(s)b, (b)}
iaa(s)-t-al(s) b2(8)+02(s)+e2(s;]

{1:.2(s)bl(s)+c2(5)b2(8)+e2(s)bl(s)i {az(s)w*al(SJ(bl(s)+cl(s)+el(55/

/ il—bl(s)bl(s)—cl(s)ba( )-el(S)b2CSﬁ il-ba(S)el(s}-b (8)01(5)

-02(8)c2(5)—62(8)82(5)-e2(5)e2(S)-eECS)-ezis)cg(s)k -
- 2?1(S)Gl(s)fbl(5)el(s) T 01(5)02(S)Tcl(S)ez(s)+el(s)02(s) +
+ el(s)ea(s) %}é(s)bl(s)+ca(s)b2(5)+e2(s)b2(s{}
Substituting these values Rl(S): Rg(s) in (4) we get R(s),
The mean life time for the system is given by
T, = RCo) = al(o) T dl(o)Rl(o) + dgﬁo)Ra(o)
Now we consider the special case

Flct) = Fz(t) = F(t), Gl('b) = G-a(t) = G(t)

Uy (8)

U,(t) = U(B) , Vi(8) = V(%) = V(t)

We have
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al(S) = 32(5) = a [ ’Bi(s) - bl(s) (l=192)

’éi(s) = ei(s) 1= l,g ci(s) = ci(s), i= l,?

~

and
Rl(s) e l—ca(s) - e?(s) + cl(s) + el(s)
(1-by (8)) (1=c, (8)=0,(8))=b, (5) (e1 (8)+ey (5))
1-b.(s) + b,(s)
R,(s) = a(s) L —=2

(1~1) (8)) (1-cy(8)=e, (8)) =D, (8) (op (8)+e (5))

and R(s) is given by the following formula

dl(s)zl“cg(5)‘92(S)+01(S)+81(S)]*da(s)ilfbl(s)+b2(s)k

R(s)=a(s) 1+
(1=by (8)) (1-c,(5))=b,(s)(cq () (cq(8)+ey (s))

and the mean life time T2 is given by

A (o)ilnt. = e )30 (15b.%p. )
T,=a(o)|1+ -~ : CH 0 L e i i~ )
: (l-bl)(lucawea) - b2(01+el)

Formulas (7), (8) in given in[i]
Now, if Tl i1s the mean life time of the diplication system under

policy I and is given by (47



d,(1l+c.=c,) + (1+b ,~b-)
P = |1 s —LtT0 St dab, b

(1-b;)(1=cp) = b,ey

we can prove vhat T2 is large than I, where I, is given by
formula (&)

To prove this we "ave

(lnol)[%lgl—ca)+eac;]+ baulxl—el)+bacle2

L, =I; =a : o : !
j (l-bl) (lmca)-baclal( l-—bl) (l—cz—ea)—b2(01+ez)j

Now we consider the denowminstor
Sin V(t) > G(t), then
(lmbl)(1-02—62)—b2(cl+el)2> 1l - b2+02+e2:> 0

Sin (o)
byregre, < S' V(t) aF(t) < 1
(o]

Also ,
[(l—bl)(l—cg)—bzcl]:?(l—bl)(1—02-02)-b2(cl+e1) =0
and consequently the denominator is positive.

Since each term in the numerator is positive. This prove

that T2 —Tl>0
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Consider the special case

: q 60
U(t) =

0 Gl
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0 )
00 00
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0 : 0
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5 7
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In the above equation we use A(T) because the mean time is a
function of 1,

As the mean life time of the system with repair only is

0. +1
M) =N+ ) =\ = | )

which can be derived by setting To = oo in the equation for
(D)

Comparison of the mean times to the system failure

In this section, we dicus the optimum preventive maintenance
policies using the results just obtained in the preceeding
section. As a criterion of optimality, we apply the mean time
to the first system failure we shall compare the mean time A(T)
with the mean time A(oo) and derive the necessary and sﬁrficient

condition for the optimum policies exist.

ZIheorems:
The meun time to the rirst system failure A(T) is greater
than T(oo) if and only.if there exist a finite Tx, 0= 1< o0

such. that

(N\=¢) V&
l - VTI + GTx
A+ C 6

p(T%) >

where p(T?) =
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Proof

From (1) and (2) we have

A(T)=-A(o0 ):\r)\—c) 1+

l-VT(oo)+GT(oo) -\ 6‘1+l

Ul(l—-VT(OO)-i-ezGT(OO)

1-V,, G . ce
ek e e e
OlLl—VT(oo))+O2GT(oo)

@l 3

1-V(00 )+Gplo0) N+ Cop

N+ €8, 61[81(1—-VTL00)+82GT(00)

=((;\ —c)@l

% A+ ce1 - [el(l-vm( oo))+®2GT(oo)1 =
Uy [GJ_(J.—VT(OOH%GT(UO)l i

1}

(PA"C)Glp(‘i')\'.’\‘l')—W\T) lel-VT(oo)) + GaGT(oo);l

n

w(T) [( ')\—c)olP(-I-) = }%Cl—vw(m))*@z%io") i 1 \3)
')\+ 8

0, [Ol(l—'VT(oo)) + 6 GT(oo)]

where w(l) =
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It is evident that wi(to) is positive for a finite gt o f:TI_4;a3.

Thus only consider the bracket on the right hand side of (3).. It
is also evident that P(1®) is positive for all finite T%. If

there exist some finite to such that
: Gl(l-VT(oo)+92GT(oo)

( r)\-c) el
then, the right hand side of equation (3) is positive

p(T) >~

1e0e A(T;)>A(oo) for such a T?.

conversly, if there exist of finite ¥ such that

A(D®) - A(o0) > 0, we have

that &
. p(Ti).:> 91.1 me(oo) + GZGTz(oo)
(;\—C ) 91

Conclusion:

We conclude that it is better to use preventive maintenance
under policy II, because the mean life time ror the system ﬁnder
this policy is greater than the mean life time for the system
under policy I, and the theorgm shows that there does exist a
point ¥ satisring a certain éondition and improve that the mean
life time for the system under preventive maintenance policy II

is greater than uhg mean life time tror the system with repair onliy.
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