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A production systern has N identical elements.

when an element fails, 1t cannot be repaired unless
the entire system 15 shut down.

Thus, to avoid the greater loss of production
capacity resulting from a shutdown, it may

he better to continue production with some
failed elements, until a sufficient number have

failed,
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Elenniz Bricker, W, of lowa, 1997

Notation |

# of fallures causing shutdown to occur

P, = probability that an element will fail
during one time interval

R: = probability that the system will be
repaired during the next time interval,
given that the system 1s now shut down,
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Wwe wish to evaluate the policy

“Shut down the system for repairs only |
when the number of failures is at least f" |

where the parameter f 15 specified.

For example,
¢ what average production rate can be expected?

¢ what will be the average length of a production
run before a shutdown occurs?
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Markoy Chain AMode]

Define the state of the system to be
nn = ¥ of failed elements at stage n

FPossible states are O, 1, 2, ..., f
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(where in state f, the number of failed elements

is f o more. )
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For example, suppose that the policy 15 =4, 1.e.,

"Shut down for repairs when 4 or more
elernents have failed.”

Elenniz Bricker, W, of lowa, 1997

T FRSTEIan D obaiiiilies |

If the systermn 15 in state 1, then N-1 elements are
currently functioning.
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= P{ j-i elements fail in a group of N-i }
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Suppose that we have N = 10 identical machines,
and that the failure rate is Pb= 10% per hour,
for each machinge.

we will evaluate the policy =4, 1.e., shut down
for repair of the system when at least 4
machines have failed.

The probability that the repair is completed after
one hour 15 R4= 20%.
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Tranzition Frobability Matrix [

sistes
i| mame
1 = 3 4 5 1| # Functioning=
f 2| # Functioning=
r 1| 0.34862 0.33742 0.19371 0.057396 0.012795 3| # Functionings=
o z| o 0.32742 0.33742 0.17219 0.052972 4| # Functionings=
mo3| 0 0 0.43047 0.32264 0.1860 9| Ehut down :
i i i D ames 0 Bain
5l 0.5 0 0 0 0.5

Steady State Diztributi

N=10 f=4 i| name P<iz
! B 1| # Functioning= 10| 0.2179
Fo=0 2| # FPuonctioning= 9| 0.13781
b S 2| # Functioning= 2| 0.16726
= 4| # Fonctioning= 7| 0.10257
R-’i} 0.2 - <::| I:> 5| Shut down 0. 25355
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Wihal 7s the ulilizaliion of the machines ?

i State Fi c PixC

1 | # Fonctioning= 10 0.2179 10 2.173  F
2 | ¥ Fonctioning= 9] 0.13781 Q 1.2403 F
3| ¥ Functioning= &) 0.16786 a 1.3429 F
4 | # Functioning= 7| 0.19257 T 1.3458 F
5 | Shut down 0.283585 n 1]

The awverage cost-period in steady atate iz B.1102
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Weiagl Wili Do Lhe SVerage [engiin of F proguclion run

Mean Firet Paszszage Timesz %

siFles

e

# Functioning= 10
# Functioning=
# Functionings
# Tunctionings
Shut down

1
\m 1
2
; 1 2 3 4 5 3
4
a

=1 000 o

1|4.5892 5.7493 5.4165 6.036% i
2|6.0961 T.2563 4.89972 5.1055 “Sa00E

2|5.0436 10,792 5.9574 4.3932 3.0436
413,
512

9162 9.6661 9.3333 5.1929 1.9163
T.74932 T.4165 2.0269 3.543
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