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Abstract

The present paper introduces the instruction time and the possibility that ordinary repairman may damage
the unit to the extent that: (i) it rather goes to more degraded stage but repairable (ii) it may become
irreparable and hence replaced. Two-unit cold standby system is examined with the assumptions that
every failed unit first goes under the repair of ordinary repairman who starts repair after getting
instructions from expert. The model has been analyzed by making use of Semi-Markov Processes and
regenerative point technique. Various measures of system effectiveness including profit incurred have
been evaluated. Various conclusions have been drawn through graphical study for a particular case.

Keywords: instruction and replacement Time, expert repairman, undertaking the failed unit

Introduction

In order to increase the reliability, concept of redundancy is used by the users of various

systems. As a result, two-unit standby systems have widely been studied in the field of

reliability. Concept of two types of repairman has been considered in some of these studies

including &1 wherein one of the repairman had been taken as an ordinary and the other as an

expert. The ordinary repairman may not be able to do some complex repairs and then an expert

comes. Long stay of the expert with the system may be costly and hence idea of instruction

time was introduced by Kumar et al &1,

There may also be situations when the ordinary repairman even after getting the instruction

may damage the failed unit during his try for repair. This leads to the unit in more degraded

stage and sometimes to a stage where we are left with no other option but to replace it by a

new one.

The purpose of the present study is.

1. tointroduce redundancy

2. to introduce a new type of repair policy which is defined as : “when the ordinary
repairman makes the unit damaged and leads it to more degraded stage due to
mishandling, it is undertaken by the expert at much earlier stage than the stage at which its
repair has been started by the ordinary repairman”

3. to make the replacement when the failed unit is made no more repairable by the ordinary
repairman

4. To reduce the stay of the expert.

The present paper, therefore, investigates two-unit cold standby system introducing the

aforesaid repair policy together with instruction and replacement. The additional assumptions

taken for the model is that every failed unit first goes under the repair of ordinary repairman

who starts repair after getting instructions from expert. Failure times are assumed to follow

exponential distributions whereas other time distributions are arbitrary. Other assumptions are

as usual.
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The system has been analysed by making use of Semi-
Markov Processes and regenerative point technique. Various
measures of system effectiveness including profit incurred
have been evaluated. Various conclusions have been drawn
through graphical study for a particular case.

Notations
A : constant failure rate of a unit

p, - probability that the ordinary repairman is able to
complete the repair
g, : probability that the ordinary repairman is unable to

complete the repair

a :probability that resume repair policy is adopted

b, : probability that unit is damaged but repairable

bz : probability that the unit is damaged but irreparable

g(t), G(t) : p.d.f. and c.d.f. of the repair time of the ordinary
repairman

g1(t) Gu(t) : p.d.f. and c.d.f. of repair time of the expert
repairman when resume repair policy is adopted

02(t), G2(t) : p.d.f. and c.d.f. of repair time of the expert
repairman when repeat repair policy (type-I) is adopted

0s(t), Gs(t) : p.d.f. and c.d.f. of repair time of the expert
repairman when repeat repair policy (type-I1) is adopted

ga(t), Ga(t) : p.d.f. and c.d.f. of replacement time

i(t), I(t) : p.d.f. and c.d.f. of time when expert gives instruction
to ordinary repairman

Symbols for the state of system are

0: operative unit

cs: cold standby unit

Fr. failed unit under repair of ordinary repairman

Fr: repair of the failed unit by the ordinary repairman is
continuing from previous state

F,, : Failed unit under repair of the expert repairman when
resume repair policy is adopted

F . . . . .
Re:i: Repair of the failed unit by the expert repairman is
continuing from the previous state under resume repair policy

F
**z : Failed unit under repair of the expert repairman when
repeat repair policy (type-l) is adopted

Fre., : Repair of the failed unit by the expert repairman is
continuing from the previous state under repeat repair policy
(type-I)

Fo.: Failed unit under repair of the expert repairman when

repeat repair policy (type-I1) is adopted
F Repair of the failed unit by the expert repairman is

e, -
continuing from the previous state under repeat repair policy
(type-11)

Frep :  failed unit under replacement

Frep:  replacement of the failed unit continuing from the
previous state

Fei : failed unit under instructions given by expert
repairman to the ordinary repairman

Transition Probabilities and Mean Sojourn Times

The transition diagram showing the various states of the
system is shown as in Fig. 1.1 the epochs of entry into states
0,1, 2, 3, 4,5, 10, 11, 12 are regeneration points and thus
these states are called regenerative states. States 6, 7, 8, 9, 10,
11 and 12 are failed states.
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Fig 1.1

The non-zero elements pj; are:
Po1= P12 =1, P20 = p, 9*(A), P23 = q,a9*(R)
P2s = q, b2 g*(), P2s =g, bag*(R), P2s=1-9*(2)

(6) _ (6)

Py = P (1-0%(A), P, =a, a(l-g*(A)

Pow = a4, b2(L-g*(), P,y =4, bs(L-g*(V)
Pao = g1*(A), Psr= Py =1-0*(%)

Pao = ga*(1), Pie= py,’ =1-0*(A)

Pso = ga*(A), pse= po’ =1-0s*(M)

By these transition probabilities it can be verified that
Por=pz=1
P20 + P23 + P2s + Pas + P2 =1

(6) (6)

(6) (6) _
P20+ Pas+PaatPas+ Py + Pyyg t Pyt Py =1
Pzo + P37 =1, P30+ p;;) =1
Pao + Pag = 1, pu+ py =1
Pso + Pso = 1, pso+ po =1
The mean sojourn time () in state i are
1 . 1-g*(4) 1-9,*(4)
o= —, = —i*(0), p2 = by = ; :
A A
_1-g,*(2) 1-9,*(4)

Ha= , s = y o = —01*'(0), pu =

—05*'(0), p12 = -g4*'(0)

The unconditional mean time taken by the system to transit
for any state j when it is counted from epoch of entrance into
state i is mathematically stated as

mi = [ ta(t) dt = - gi*(0)
0
Thus,
Mo1 = Mo; M12 = [t
Moo + M2z + Mag + Mos + Mas = U2
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(6) (6)
210 T m2,11 +m

(6)

(6)
M2o + M2z + Mg + M5 + m, " +M 212 =

(say)

_ . (7 _
M3o + M37 = U3 ; M3+ m, ~ = o

_ . ®) _
Mao + Mag = L4 ; Mg+ m, " =pn

Msp + Msg = s ; Msp + M ;19) = p12

Mean Time to System Failure (MTSF) =To =N/D
Availability Analysis = Ag = N1/D;

Busy Period Analysis of the Ordinary Repairman = By =
N2/D1

Busy Period Analysis of the Expert Repairman (Repair
Time Only)

Expected Instruction Time = ITo = N4/D1

Expected Number of Visits by the Ordinary Repairman =
Vo = N5/D1

Expected Number of Visits by the Expert Repairman =
VOe = N¢/D1

Busy Period Analysis of Repairman (Replacement Time
Only) = BOR =N7/D;

Expected Number of Replacements = RPy = Ng/D;

where

N = po+ pa + p2 + pa P23 + pap2s + psPas

D =1 — p20 — P23 P30 — P24 Pao — P25 Pso

N1 = po[p20+ P23 P3o + P24 Pao + Pas Pso] + p1 + po + s P2z + pa
P24 + L5 P2s

D1 = po [ p20 + P23 P3o + P24 Pao + Pas Pso] + w1 + Kot pao [1 +
p2s] + pia[1 + p2a] + paz[1 + pas] N2 = ks

BOe = Ns/Dy

(6) (6)
N3 = HlO(p23 + p2,10 ) + Hll(p24 + pzyn)
Ns=
N5 =1

Ne=1+ [p23 P30 + P24Pao + P2sPso — P25 — péel)z
N7 = paa(pa2s + p;,sl)z )

(6)
N = p2s + P21

Profit Analysis

The expected total profit
steady—state is given by

Pg, = CoAg — C:Bg—C2B Oe — C4Vo—-CsV Oe —CsB OR — C7/RPg -
CslTo

incurred to the system in

Where

Co = revenue per unit up time of the system

C1 = cost per unit time for which the ordinary repairman is
busy for repairing  the failed unit

C> = cost per unit time for which the expert repairman is busy
for repairing the unit

C4 = cost per visit of the ordinary repairman

Cs = cost per visit of the expert repairman.

Cs = cost per unit time for which the repairman is busy for
replacing the unit

C7 = cost per replacement

Cs = cost per unit time for which the expert repairman is busy
in giving the instructions to the ordinary repairman
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Particular Case
For graphical interpretation, the following particular case is
considered

g(t) = oe ; g) =g e
GB)=azse '  g)=ase
i)=vye!

Therefore, we have

b,q,a
p01:p12=1,p20:|0170’, 23=aq1a Pae = —21%
a+ A a + A a +
b,q,«
pZSZL, Pas =
a+ A a + A
Py = PA o 204 o _ b
21 a + 2,10 a+}v 2,11 a+i
© _ bsa,4 a,
212 ) P30 = ,
o+ A a, + A
A ) o 1
Ps7 = ' 3(17): » Pao =  ps=
a, + o, + a, + a3+ﬁ
A
(8)
v Py )
a,+ A
a y) 2
Pso =  Psg = Py = ,
a4+ a4+ﬂ, a4+ﬂ,

1 1 1 L
IJ'O__I ul—_, l_,Lz— ”’3_ ,”4:
A e a+ 1 o, + A

1 1 1 1 1
y U5 = yMo= —, M1 = —, P2 = —
@yt A Aot a, @, a,
1
k= —
a

On the basis of the numerical values taken as
p1=0.5,q:=0.5a=0.5, b, =0.45, b3 = 0.05, y = 10,
a=10:1=25 03=1, 04=5,A=0.05,

The values of various measures of system effectiveness are
obtained as

Mean time to system failure (MTSF) = 340.4345
Availability (Ao) = 0.9105324

Busy period of the ordinary repairman (Bo) = 0.0459564
Busy period of the expert repairman (repair time only) (

B, ) =0.01493584

Expected instruction time (1To) = 0.0045856
Expected number of visits by the ordinary repairman (Vo)
=0.0459564

Expected number of visits by the expert repairman (V, )

=0.0659972
Busy period of the expert repairman (replacement time

only)(B,") =0.00022978
Expected number of replacements (RPo) = 0.001148911

Graphical Interpretation
The above particular case is considered for the graphical
interpretation.
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Figs. 1.2 and 1.3 show the behaviour of MTSF and
Availability with respect to failure rate (A). It is observed that
both MTSF and Availability get decreased with increase in

the values of failure rate (1) and have higher values for higher
values of repair rate (o).

MTSF VERSUS FAILURE RATE (A) FOR DIFFERENT
VALUES OF REPAIR RATE (a)

900
800 4
p:=0.5, q,=0.5, a=0.5, b,=0.45, b3=0.05, 0;=2.5, az=1, 0,=5, y=10
700 1
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w 500 A
(9]
'_
= 400 A
300 A
200 1
100 A
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Failure Rate (A)
Fig. 1.2
AVAILABILITY VERSUS FAILURE RATE (A) FOR DIFFERENT VALUES OF REPAIR RATE (a)
1
p,=0.5, q;=0.5, a=0.5, b,=0.45, b;=0.05,
a;=2.5, az=1, a,=5, y=10
0.9 1
0.8 A
2
3 0.7
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>
<
0.6
0.5 1
—4— 0=0.5
0.4 T T T T T T T T T T T T T
0.01 0.02 0.03 0.04 005 0.06 0.07 008 0.09 010 011 0.12 0.13 0.14 0.5
Failure Rate (A)

Fig 1.3

Fig. 1.4 reveals the pattern of the profit with respect to failure
rate (A) for different values of repair rate (o). The profit
decreases as the failure rate (1) increases and is higher for
higher values of a. Following is also observed from the
graph:
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(i) For a = 1, the profit is positive or zero or negative
according as A < or = or > 0.0964.

(if) For o = 1.5, the profit is positive or zero or negative
according as A < or = or > 0.106.

(iii) For o = 2, the profit is positive or zero or negative
according as A < or =or >0.112.
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PROFIT VERSUS FAILURE RATE (A) FOR DIFFERENT
VALUES OF REPAIR RATE (o)
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Failure Rate ()

Fig. 1.4

Fig. 1.5 reveals the pattern of the profit with respect to
revenue (Co) for different values of cost (C,). The profit
increases with the increase in the values of revenue (Co) and
is lower for higher values of cost (C,). Following is also
observed:

(i) For C, = 4000, the profit is positive or zero or negative
according as Co > or = or < 159.80.

(ii) For C, = 6000, the profit is positive or zero or negative
according as Co > or = or < 192.6.

(iii) For C, = 8000, the profit is positive or zero or negative
according as Co > or = or > 225.4.

PROFIT VERSUS REVENUE (C,) FOR DIFFERENT
VALUES OF COST (C,)

450

p;=0.5, ;=0.5, a=0.5, b,=0.45, b5=0.05, 0:=1, 0;,=2.5, a5=1, 0,4=5, y=10,
350 2=0.05, C,;=600, C=200, C,=400, C5=500, C4=600, C,=5000
250 1

—e— C2=4000
—a— C2=6000
—4— C2=8000

450 500 550

Revenue (Cy)

Fig. 1.5

Fig. 1.6 depicts the behaviour of the profit with respect to cost
(Cs) for different values of instruction rate (y). The profit
decreases with the increase in the values of cost (Cs) and
becomes higher for higher values of instruction rate (y).
Following inferences can also be made through the graph:
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(i) For y = 1, the profit is positive or zero or negative
according as Cs < or = or > 742.4.
(ii) For y = 2, the profit is positive or zero or negative
according as Cs < or = or > 768.5.
(iii) For y = 10, the profit is positive or zero or negative
according as Cs < or = or > 789.4.
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PROFIT VERSUS COST (Cs) FOR DIFFERENT VALUES OF INSTRUCTION RATE (y)

30

254 p:=0.5, 4;=0.5, a=0.5, b,=0.45, b;=0.05, 0=1, 0,=2.5, 03=1, =5,

2=0.05, Cy=125, C,=600, C,=600, C4=200, C,=400, C¢=600, C,=5000
20 A

15 A

10 A

Profit
[$]

-10 4
-15 4
-20
Cost (Cs)
Fig 1.6
Fig. 1.7 shows that behaviour of the profit with respect to (i) For a4 = 1, the profit is positive or zero or negative
replacement cost (C;) for different values of repair rate (o). according as C7 < or = or > 9198.2.
The profit decreases as the cost (C7) increases and becomes (ii) For a4 = 2, the profit is positive or zero or negative
higher for higher values of repair rate (o). Following is also according as C7 < or = or > 9533.3.
observed through the graph: (iii) For a4 = 10, the profit is positive or zero or negative
according as C7 < or = or > 9802.7.
PROFIT VERSUS COST (C;) FOR DIFFERENT VALUES OF REPLACEMENT RATE (o)
2
p;=0.5, 0;=0.5, a=0.5, b,=0.45, b5=0.05, 0=1, 0,=2.5, a5=1,y=10,
1.5 2=0.05, C,=100, C;=600, C,=600, C4=200, C,=400, Cs=500, C4=600

Profit

-15
Cost (C;)
Fig. 1.7
Fig. 1.8 depicts the behaviour of the profit with respect to and becomes higher for higher values of probability (a).
probability (p1) for different values of probability (a). The Following inferences can be made.
profit increases with increase in the values of probability (p1) For a = 0.2, 0.4 and 0.6, the system is profitable only if p; >

0.454, 0.413, 0.374 respectively.
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PROFIT VERSUS PROBABILITY (p;) FOR DIFFERENT VALUES OF PROBABILITY (a)
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Fig 1.8
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