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of the expert repairman
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Abstract

Profit analysis of a two-unit cold standby system with an expert and assistant is investigated. Whenever a
unit fails, both the repairmen arrive but the expert repairman may not in a position to devote more time to
the system due to his busy schedule in other systems. The expert gives instructions for repair of only one
failed unit at a time and then goes back even if second unit fails during his stay. He comes to the system
again whenever assistant requires instructions for repair for the other failed unit. VVarious measures of
system effectiveness have been obtained by making use of semi-Markov processes and regenerative point
technique. Graphs have been plotted for a special case.
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Introduction
Recently, Kumar et al. M have studied a two-unit cold standby system with instruction time.
They have carried out the analysis under the supposition that whenever a unit fails, the expert
repairman comes to the system with an assistant and starts repairing the unit himself. During
the time of repairing of this unit, if the second unit also fails, the expert leaves the repair of
former unit and starts giving instruction to his assistant for second unit. And after completion
of instructions, the expert resumes the repair of former unit, while the assistant starts repairing
the second unit, after receiving instructions from expert. However, there may be situations
when expert may not devote much time to the system due to his busy schedule in other
systems and hence goes back after giving instructions to his assistant for repair of each of the
units i.e. the whole system is repaired by the assistant repairman.
Hence, in the present paper, we investigate the stochastic analysis of two-unit cold standby
system wherein the whole system is repaired by assistant only after getting the instructions
from the expert who arrives at the system immediately when required. The system is studied
by considering a model in which the expert gives instructions for repair of only one failed unit
at a time and then goes back even if second unit fails during his stay. He comes to the system
again whenever assistant requires instructions for repair of other failed unit.
The techniques of regenerative processes and semi-Markov processes are used to determine
expressions for the various reliability characteristics of the system effectiveness as mean time
to system failure (MTSF), steady-state availability of the system, the total fraction of busy
time of expert and his assistant repairman per unit time and expected number of visits by the
expert repairman. Profit is calculated using the above measures. Graphs pertaining to a
particular case are also plotted.
1. The system consists of two identical units. Initially one is operative and the other is kept as
cold standby. The standby unit cannot fail.
2. The system becomes inoperable on the failure of both the units.
3. When the expert repairman is called on to do the job it takes negligible time to reach the
system.
4. The assistant repairman repairs the failed unit perfectly on the instructions given to him by
the expert.
5. The payment to expert is made for his visits as well as for the time for which he remains
busy in giving instructions.
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6. No payment is made for the visits of assistant repairman while the payment is made for the time for which the assistant
remains busy in repairing.

7. Each unit has an exponential distribution of time to failure while the distribution of repair time for the assistant repairman and
instruction time are taken as general.

8. All the random variables are mutually independent.

Notation and States of the System

A Constant failure rate of an operative unit

a,e Assistant repairman, expert repairman respectively.

F(t), f(t) cdf and pdf of time to repair by assistant repairman.

I(t), i(t) cdf and pdf of time when expert gives instructions to his assistant.

The other symbols, not given here may be seen in Ref. [2,

Symbols for the states of the system

o/csoperative/cold standby

Fwi unit in F-mode and waiting for repair while expert gives instructions to his assistant
Fwriunit in F-mode and waiting for repair continued from earlier state while expert gives instructions to his assistant.
Fwi Failed and waiting for instructions.

Fra unitin F-mode and under repair of assistant repairman.

Fra unit in F-mode and under repair of assistant repairman continued from earlier state.

; A i(t) :

i P1) (]-:r Pwrl')

4
(Fra, 0) (Fra, Fuwi)

Fig 1: State Transition Diagram
O Up state
|:| Failed state

° Regeneration point

Transition Probabilities and Sojourn Times

Thus considering the above symbols, possible states of the system and the transitions into the states are shown in Fig. 1. The
epoch of entrance into the states 0, 1, 3, 5 are regenerative points and thus 0, 1, 3, 5 are regenerative states. States 2, 4, 5 are down
states.

The non-zero elements of transition probability matrix (t.p.m.) are:

Po1=ps1 =1, Pz =i*(A), p1s@ (= p12) = 1 —i*())
pao = F*(1), par® (= paa) =1 - F*(1)
with,

(2) (4)
ps+ Pis =pao+ P3; =1

For the mean sojourn time in state S;, its values for various states are obtained by using the formula

by =[P(T, > )t
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1 1-i*(h 1-f*(A)
Mo =" H1=—Ix()' He =

us = [ F(t)dt =] tdF(t) =, (Mean Repair time of Assistant)

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

Mo1 = Lo,

m,; +m? = [tdI(t) = &, = Mean instruction time

m,, +m{} = [tdF(t) = &, =Mean repair time of assistant
mg, = [ tdF(t)

Mean Time to System Failure
To determine it, for our system, we regard the failed states 2, 4 and 5 as absorbing. By probabilistic arguments we have

do(t) = Qo1 (t) © u(t)
01(t) = Qua(t) © a(t) + Qua(t)
$3(t) = Qa0 (t) © do(t) + Qaa(t) ...(1-3)

By taking Laplace-Stieltjes transforms (LST) of equations (1-3) and solving them for ¢y, (), we have
) =5

where

N, () = Qu ()[Q: () + Qi3 (5)- Qs (9)]

and

D,(s) =[1-Q (5)Q:5(5)Q% (5)]

Now the MTSF, given that the system started at the beginning of state 0, is

T, =lim = %)

s—0 S

(4

..(5)

Using L’Hospital’s rule and putting in the value of d): (S) from equation (4), we get

-
[)1
where

N1 = po+ p1 + p3 pis
D1=1-pisp3o

Availability Analysis

Ao(t) = Mo(t) + gos(t) © Au(t)

As) = Ma(t) + qus(t) © As(t) + 42 (1) © As(t)

As(t) = Ma(t) + Gao(t) © Aot) + 2 (§) © Au(t)

As(t) = gs1(t) © Aa(t) ...(6-9)

where

M= €7 M) =e T, My() =e ()
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Taking Laplace transforms (LT) of (6-9) and solving for Ag (S) , we have (dropping s for brevity)

Al(s) = 328 ... (10)

where

N, (8) = My (S)[L -3 (8)ds” (8) — is” (5)0y (HIIM; (8) + M5 ()05 (9)]

and

D,(8) =1-053(8)day ()~ Qs (8)0s1(S) — oy ()01 ()00 (S)
The steady-state availability of the system is given by

AO:!imAO(t):Iing[sAg(s)]:% .11

2

where

N2 = 1 + pa(pipso + pa)

and

D2 = popaspao + (€2 + €1)

Busy Period Analysis of Assistant Repairman

Bg (t) =0p (t)©Bi1 (t)

B} (t) = 0,5 (Y ©B5 (1) + 012 (OB (t)

B3 (1) = W, (1) + 05, (N ©B; (1) +57 () ©B; (1)

Bg (t)= V\/5 (1) + qsl(t)©Bi1 (1) ... (12-15)

where

W, (1) =e ™MF(t) +[re " @©1]F(t) = F(t)
W, (1) =F(t)

Taking LT of (12-15) and solving them for B (S) , we have (dropping s for brevity)

By (5) = o)

... (16)
D, (s)
where
N, (8) = Qs ($)[W (8)015(8) + W5 (8)as (5)]
and Da(s) is already specified.
In steady state, the total fraction of time for which the assistant repairman is busy, is given by
B :Iim[sBa*(s)]:& (17)
0 550 0 D,
where
N3 = €2

and D is already specified.
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Expected Instruction Time Analysis (Busy Period Of An Expert Repairman)

I0 (t)= Uos (t)©11 (t)

I, (t) =S,(t) + 0,5 ()OI, (1) + qg) (HOL(t)

|3 (t) =0z (t)©Io (t) + qgi) (t) ©Il (t)

I, (t) =0, (1)OL, (1) ... (18-21)

where
S, (t) =e™1(t) +[re MO1]1(t) = I(t)
Taking LT of (18-21) and solving for |;(s) , We have (dropping s for brevity)

lo(s) =

where

N, (s) =W, (5)0, (5)

N, (5) .. (22)
D

2(S)

and Da(s) is already specified.
In a steady state, the total fraction of time for which the expert repairman is busy in giving instructions to his assistant, is given by

—h * _ PJA
IO_ISerJ[slo(s)]_D—2 .. (23)

and D is already specified.

Expected Number of Visits by the Expert Repairman

Vo(t) = Qu(t) © [1+Vi(t)]
Vi(t) = Qus®) © Va(®) + QI (1) ©vs(t)

Va(t) = Qao(t) & Vo(t) + QL (t) S[L + V(8]
Vs(t) = Qsu(t) © [1+ Vi(0)] .. (24-27)

Taking LST of equations (24-27) and solving for Vg* (S) , we have (dropping s for brevity)

N;(s)
D, (s)

V) (s) = .. (28)

where  Ns(s) = ng (s)

and Do(s) is already specified.
In a steady state, the number of visits per unit of the expert repairman is given by

—h e _ N5
V, = ISLn('J][sV0 ()] _D—2 .. (29)

where Ns = 1 and D; is already specified.
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Profit Analysis
The expected total profit in a steady state is

P=K,A, -K.Bj —K,l,—K,V, .. (34)

where Ko is the revenue per unit up time of the system, K is the cost per unit time for which the assistant repairman is busy, Kz is
the cost per unit time for which expert repairman is busy in giving instructions to his assistant, Ks is the cost per visit for the
expert repairman.

Graphical Representation

For a graphical representation the following particular case is considered :

f(t) = o exp (—at), i(t) =B exp (—Bt).

Figure 2 shows that behaviour of MTSF with respect of A for o = 1.5, 2.5 and 3.5 while other parameters are kept fixed. Though
the curves of this graph, we conclude that the MTSF decreases with an increase in A. However, for increasing values of a, the
MTSF tends to be higher.

180
160 —
140 ]
120 —

100 —

MTSF ——»

a0
| 60
40

20

R Failure Rate (A —
Oa=15xa=250a=35
Fig 2: Steady—state behaviour of MTSF w.r.t. A

Figure 3 shows the behaviour of profit with respect to o for o = 1.5, 2.5, 3.5, while other parameters are kept fixed. Though the
curves of this graph, we conclude that there is a uniform decrease in profit with an increase in A and it increases with an increase
ino.

Ko=500, K,=50,K-=100,Ks=25
450 — =2

Profit —»
J=
[on]
[am]
|

200 —
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0.1 0,2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

FAILURE RATE (A) ——
Ooa=15xa=2500=35

Fig 3: Steady State behaviour of profit w.r.t. A
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Figure 4 shows the behaviour of profit with respect to instructions rate  for o = 1.5, 2.5 and 3.5, while other parameters are kept
fixed. Through the curves of this graph, we conclude that for initial value of B, profit increases slowly upto some point of § and
then for higher values of f it remains constant for a = 1.5, 2.5 and 3.5 ; but for increasing the value of a, profit increases.

450
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400 —

FROFIT —»

380 —

360 —

340 —

Kg=500,K,=50, K=100
Ky=125, A=0.6

280 — 1 1 1 T
1 3 5 7 g 10

—— INSTRUCTIONS RATE (B —
Ooa=15xa=2500=35

Fig 4: Steady—state behaviour of profit w.r.t.
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