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Abstract: A reliability model is analyzed for a system wherein chances of wrong diagnosis are

there on its failure. On failure, the system is undertaken for repair by an ordinary repairman

with the possibility that the repair done by him may be found improper. As soon as the

improper repair is revealed after putting it into operation, it goes under repair of an expert

repairman. The analysis of the system is done by making use of regenerative point technique.

Profit fetched by the system is evaluated with interesting results.
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1. Introduction

In order to meet increasing demands of society, industries are moving towards
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automation of their industrial processes and systems. There is now huge change
in technology and hence more complex systems are being introduced. Due
to complexity of systems, the faults which occur therein are, sometimes, not
properly diagnosed. A lot of work has been reported by various researchers
including [1-6] in the literature of reliability but the aspect of wrong diagnosis
has not been taken into account as far as the profitability of the systems is
concerned. As the wrong diagnosis takes place in many situations, therefore it
is inevitable to develop a reliability model for a system introducing this concept.

Thus, in the present paper, reliability and profit analysis has been done
introducing the concept of improper diagnosis for a system with two types of
repairman–ordinary as well as an expert repairman. On failure of the system,
an inspection is carried out to detect as to whether the unit is repairable or ir-
reparable and then it is repaired or replaced accordingly by the ordinary repair-
man. There is possibility that the ordinary repairman may do the wrong diagno-
sis which leads to improper repair/replacement which is revealed only when the
system is kept under observation for some time after such repair/replacement.
On observing the system for some time, system may be found in one of the
following three conditions:

i) System is working as new as it was.

ii) It is not functioning properly (wrong diagnosis found).

iii) It fails during observation period.

If wrong diagnosis comes to the notice, the system is undertaken by the
expert repairman for repair or replacement as the case may be; and if it fails
during the observation period, the system is undertaken by the expert for in-
spection to detect as to whether it is repairable or not and hence repair or
replacement is done accordingly. It is assumed that the expert does the inspec-
tion/repairs/replacement correctly.

Regenerative point technique is used for obtaining different measures of the
system effectiveness. Profit incurred to the system is also analysed.

2. Notation

f(t): p.d.f. of failure time of the unit;
p1 : probability that unit is found repairable on diagnosis

by the ordinary repairman;
q1 : 1- p1;
h(t), H(t) : p.d.f. and c.d.f. of inspection time of

ordinary repairman;
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g1(t),G1(t) : p.d.f. and c.d.f. of repair time of ordinary repairman;
g2(t),G2(t) : p.d.f. and c.d.f. of replacement time taken by

ordinary repairman;
i(t),I(t) : p.d.f. and c.d..f. of time for which unit is under observation;
p2 : probability that unit is found properly repaired by

the ordinary repairman after the observation period.;
q2 : 1− p2;
he(t),He(t) : p.d.f. and c.d.f. of inspection time taken by

expert repairman;
ge1(t),Ge1(t) : p.d.f. and c.d.f. of repair time taken by

the expert repairman;
ge2(t),Ge2(t): p.d.f. and c.d.f. of replacement time taken by

expert repairman.

Symbols for the states of the system:

op: operative unit;
uo : the unit is operative and under observation;
Fi : failed unit under inspection of ordinary repair man;
Fr: failed unit under repair of ordinary repair man;
frp: failed unit under replacement of ordinary repair man;
Fie: failed unit under inspection of expert repair man;
Fre: failed unit under repair of expert repair man;
Frpe: failed unit under replacement by expert repair man.

3. Transition Probabilities

The diagram shown in Figure 1 represents transitions on the basis of various
possibilities experienced by the system as per model description given in the
introduction. All the states are regenerative states as future development from
each state is independent of past and depends only on the present state. States
0 and 4 are up states, and the states 1, 2, 3, 5, 6 and 7 are failed states.

The transition probabilities are given by:

q01(t) = f(t), q12(t) = p1h(t), q13(t) = q1h(t),
q24(t) = g1(t), q34(t) = g2(t), q40(t) = p2i(t),
q45(t) = q2i(t), q56(t) = p1he(t), q57(t) = q1he(t),
q60(t) = ge1(t), q70(t) = ge2(t).

(1-11)
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Figure 1: State transition diagram

The non zero elements pij are obtained as follows

pij = lim
s→0

q∗
ij(s), (12)

where qij(s) is the Laplace transform of qij(t).

From these transition probabilities, it can be verified that

p01 = 1, p12 + p13 = 1, p24 = 1,
p341 = 1, p40 + p45 = 1, p56 + p57 = 1,
p60 = 1, p70 = 1.

(13-20)

The expected time of stay in state i before getting transit to any other state
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is called the mean sojourn time in state i. Let it be denoted by µi. Thus:

µ0 =

∞∫

0

tf(t)dt = −f∗′(0), µ1 =

∞∫

0

th(t)dt = −h∗′(0),

µ2 =

∞∫

0

tg1(t)dt = −g∗′

1 (0), µ3 =

∞∫

0

tg2(t)dt = −g∗′

2 (0),

µ4 =

∞∫

0

ti(t)dt = −i∗
′

(0), µ5 =

∞∫

0

the(t)dt = −h∗′

e (0),

µ6 =

∞∫

0

tge1(t)dt = −g∗′

e1(0), µ7 =

∞∫

0

tge2(t)dt = −g∗′

e2(0).

(21-28)

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

mij =

∞∫

0

tdQij(t), (29)

so

m01 = µ0, m12 +m13 = µ1, m24 = µ2, m34 = µ3, (30 − 33)

m56 +m57 = µ5, m40 +m45 = µ4, m60 = µ6, m70 = µ7. (34 − 37)

4. Measures of System Effectiveness

4.1. Reliability and Mean Time to System Failure of the System

Defining φi(t) as cumulative distribution function of the first passage time from
regenerative state i to a failed state. We have

φ0(t) = Q01(t). (38)

The reliability R(t) of the system at time t is given as

R(t) = Inverse Laplace transform of
1− ϕ∗∗

0 (s)

s
. (39)
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The mean time to system failure (MTSF) when the system starts from the state
0 is

MTSF =

∞∫

0

R (t) dt

= lim
s→0

R∗ (s) (40)

= lim
s→0

1− φ∗∗
0 (s)

s

=µ0. (41)

4.2. Availability Analysis

Availability of a system is expected fraction of the time in the long run that
the system operate satisfactorily. We have the following recursive relation for
Ai(t):

A0 (t) =M0 (t) + q01 (t) c©A1 (t) , (42)

A1 (t) =q12 (t) c©A2 (t) + q13 (t) c©A3 (t) , (43)

A2 (t) =q24 (t) c©A4 (t) , (44)

A3 (t) =q34 (t) c©A4 (t) , (45)

A4 (t) =M4 (t) + q40 (t) c©A0 (t) + q45 (t) c©A5 (t) , (46)

A5 (t) = q56 (t) c©A6 (t) + q57 (t) c©A7 (t) , (47)

A6 (t) =q60 (t) c©A0 (t) , (48)

A7 (t) =q70 (t) c©A0 (t) , (49)

where Mi(t) is the Probability that system up initially in regenerative state i
is up at time ’t’ without passing through any other regenerative state and thus

M0(t) = F (t), (50)

M4(t) = Ī(t). (51)

In steady-state, the availability of the system is given by

A0 = lim
s→0

{sA∗
0(s)} =

N1

D1
, (52)

where
N1 = µ0 + µ4, (53)
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D1 = µ0 + µ1 + p12µ2 + p13µ3 + µ4 + p45(µ5 + p56µ6 + p57µ7). (54)

Other measures of the system effectiveness can be obtained in the similar
fashion and are given as follows:

1. Busy Period Analysis of the Ordinary Repairman (Inspection Time Only).
The total fraction of time for which the system is under inspection by
ordinary repairman is

Bi
0 = lim

s→0
{sBi∗

0 (s)} =
µ1

D1
. (55)

2. Busy Period Analysis of the Ordinary Repairman (Repair Time Only). In
steady-state, the total fraction of the time for which the system is under
repair of ordinary repairman is given by

Br
0 =

p12µ2

D1
. (56)

3. Busy Period Analysis of the Ordinary Repairman (Replacement Time
Only). In steady-state, the total fraction of the time for which the system
is under replacement of ordinary repairman is given by

B
rp
0 =

p13µ3

D1
. (57)

4. Expected Observation Time. The total fraction of the time for which the
system is under observation

L0 =
µ4

D1
. (58)

5. Busy Period Analysis of the Expert Repairman (Inspection Time Only).
The total fraction of time for which the system is under inspection of
expert repairman is given by

Bie
0 =

p45µ5

D1
. (59)

6. Busy Period Analysis of the Expert Repairman (Repair Time Only). The
total fraction of time for which the system is under repair of expert re-
pairman is given by

Bre
0 =

p45p56µ6

D1
. (60)
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7. Busy Period Analysis of the Expert Repairman (Replacement Time Only).
The total fraction of time for which the system is under replacement of
expert repairman is given by

B
repe
0 =

p45p57µ7

D1
. (61)

8. Expected Number of Visits by the Ordinary Repairman. The total num-
ber of visits of the ordinary repair person is given by

V o
0 =

1

D1
. (62)

9. Expected Number of Visits by the Expert Repair Person. The total num-
ber of visits of the expert repair person is given by

V e
0 =

p45
D1

. (63)

10. Expected Number of Replacements. The expected the number of replace-
ments in the system is given by

R0 =
p13+p45p57

D1
. (64)

5. Profit Analysis

On the basis of the above measures of the system effectiveness, the expected
profit incurred to the system in steady-state is given by

P = C0A0 − C1B
i
0 − C2B

r
0 − C3B

rp
0 − C4L0 − C5B

ie
0 − C6B

re
0

−C7B
repe
0 − C8V

o
0 −C9V

e
0 − C10R0, (65)

where
C0 = Revenue per unit up time of the system
C1 = Cost per unit time for which ordinary repair person is busy in inspection
C2 = Cost per unit time for which ordinary repair person is busy in repair
C3 = Cost per unit time for which ordinary repair person is busy in replacement
C4 = Cost per unit time for which system is under observation.
C5 = Cost per unit time for which expert repair person is busy in inspection.
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C6 = Cost per unit time for which expert repair person is busy in repair
C7 = Cost per unit time for which expert repair person is busy in replacement
C8 = Cost per visit of the ordinary repair person
C9 = Cost per visit of the expert repair person
C10 = Cost per replacement

In order to have a profitable system, one can determine the least value of
the revenue per unit up time of the system or the greatest value of each of the
above costs from equation (65). While finding the value of one of these factors,
the other parameters may be kept fixed.

5.1. Least Value of Revenue per Unit Up Time

The value of revenue per unit up time should be such that the profit given by
equation (65) is positive, i.e.

C0A0 − C1B
i
0 − C2B

r
0 − C3B

rp
0 − C4L0 −C5B

ie
0

− C6B
re
0 − C7B

repe
0 − C8V

o
0 − C9V

e
0 − C10R0 > 0,

or

C0 >
C1B

i
0 + C2B

r
0 + C3B

rp
0 + C4L0 + C5B

ie
0

A0

+
C6B

re
0 +C7B

repe
0 +C8V

o
0 +C9V

e
0 + C10R0

A0
. (66)

Therefore, the price of the product manufactured by using the system should
be kept in such a way so as to get the revenue not less than the value given on
the right hand side of the inequality (66).

5.2. Greatest Value of the Cost per Unit Time for Engaging

Ordinary Repairman for Inspection

The greatest value of the cost per unit time for which the ordinary repair person
is busy for inspection for which the profit is positive is given by

C0A0 − C1B
i
0 − C2B

r
0 − C3B

rp
0 − C4L0 −C5B

ie
0

− C6B
re
0 − C7B

repe
0 − C8V

o
0 − C9V

e
0 − C10R0 > 0,

i.e.
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C1 <
C0A0 − C2B

r
0 − C3B

rp
0 − C4L0 − C5B

ie
0

B0
i

+
−C6B

re
0 −C7B

repe
0 −C8V

o
0 −C9V

e
0 − C10R0

B0
i

. (67)

So, one should not pay more than the amount as given on the right side of the
inequality (67) to the ordinary repairman as otherwise the system will not be
profitable.

Similarly, the greatest value for each of the other costs can be obtained in
the similar manner so that system should be profitable.

6. Conclusion

A system with chances of wrong diagnosis are there on its failure has been
analysed with regard to reliability and profitability. Finding various measures
of the system effectiveness, expression for the profit has been obtained which
will help in deciding as to how much the least value of the revenue per unit up
time and how much the greatest value of each of the costs should be in order
to have a profitable system.
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