Journal of Mathematics and Statistics 5 (4): 306;2D09
ISSN 1549-3644
© 2009 Science Publications

Cost Analysis of a System Involving Common-Cause
Failures and Preventive Maintenance

M.Y. Haggag
Department of Mathematics and Statistics,
Faculty of Science, Al-Azhar University, Cairo, gy

Abstract: Problem statement: Many authors have studied the cost analysis woaunit cold standby
redundant system with two types of unit failuref boa attention was paid to the reliability of ateys
involving common-cause failures and preventive rneaiance. Question was raised whether the
preventive maintenance would be effective on tltiabi#ity and performance of the system. Determine
the efficacy of preventive maintenance on the bditg and performance of the systefpproach: In

this study, the Mean Time to System Failure (MT3f@ady state availability and the profit function
of a two-unit cold standby repairable redundanttesys involving common-cause failures and
preventive maintenance were discussed. We analymdystem by using Kolmogorov's forward
equations method. Some particular cases have also thscussed graphicallResults. The results
indicated that the system with preventive mainteerais better than the system without preventive
maintenanceConclusion: These results indicated that the better maintemafigarts of the system
originated better reliability and performance of gystem.

Key words: Cost analysis, Mean Time to System Failure (MTS3#¢ady-state availability, busy
period, profit function, preventive maintenance)dogorov’s forward equations method

INTRODUCTION failure and preventive maintenance. Several rdifgbi
characteristics are obtained by using Kolmogorov's
In various reliability systems we often come to forward equations.
maximize the profit. The profit of a system depends Initially one unit is operative and the other ipk
cost incurred. The redundancy allocation problers haas cold standby. Each unit works in two differeiets
been studied for many different system structunea | of failures. The system fails when both units fathlly.
standby redundant system, some additional paths arféhe failure and repair times are assumed to have
created for the proper functioning of the systerhe T exponential distribution. The availability, Meame to
standby unit support increases the reliability bé t System Failure (MTSF) and cost function are studied
system. On the failure of the operating unit, gty =~ Some particular cases study the effect of preventiv
unit is switched on by perfect or imperfect switghi maintenance on the system performance are shown.
device. Also, the better maintenance of parts @f th The following system characteristics are obtained:
system originates better reliability and perfornaind
the system. Maintainability is defined as the piolity « Mean Time to System Failure (MTSF) with and
that a failed system will restored to a functionsigte without preventive maintenance
with a given period of time. ~« Steady state availability with and without
~Thus introducing redundant parts and providing  preventive maintenance
maintenance and repair may achieve high degree qf
reliability. Earlier researchéts’ have studied the cost
analysis of two unit redundant systems with twoety/p
of repair. The researchéfd have studied the cost
analysis of different systefs Evaluate reliability and
availability of two different systems by using larefirst )
order differential equations. Assumptions.
The purpose of this study is to study the cost
analysis of a two-unit cold standby redundant syste * The system consists of two similar units, one is
with two types of unit failure involving common ¢ main and the other is its standby
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Busy period, expected frequency of preventive
maintenance
e Cost analysis with and without preventive
maintenance
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« Initially one unit is operative and the other uisit Initial conditions: If we let P(t) denote the probability
kept as cold standby row vector at time t, the initial conditions forigh

« A perfect switch is used to switch-on standby unitproblem are:
and switch-over time is negligible

* The system has three states: Good, failed and und&r (0) = [R(0)P(0)P,(0)P3(0)P4(0)P5(0)Ps(0)P(0)P5(0)]
preventive maintenance =[100000000]

» Both units suffer two types of hardware failures

and common-cause failures - ) . .
o . . equations in the matrix form as:
e Unit failure, common-cause failure and repair rates

are constants P* = QxP
e Failure rates and repair rates follow exponential

distribution Se(FrsFup )
 The system is down when both units are non- I

operative
* The system can reach a failed statesSg S, S,
due to unit failure for its two units
 Common-cause failure bring the system directly
from good statesy3o failed state §$

§;(Fa, . Fy,)

Formulation of Mathematical Model: By employing

the method of linear first order differential eqoat

For Fig. 1 and by using the above-mentioned set of
assumptions, we can obtain the following differainti
equations:

Po () = -+ 0a+y+A)Po(t) +B1P1(t)+B2Po(t) 3P7(t) +1Pe(t)
Py (1) = -(Or+ 02+ B1) Pa(t)+01Po(t) +B2P5(t) +B1Ps(t)
P2 (1) = -(Or+ 02+ B2) Pa(t) +0:Po(t) +B1Pa(t) +B2Ps(t)

P'3 (1) = -(B2Ps(t)+a2Py(t) S5(FayiFur)
P4 (1) = -B1Pa(t)+a1Po(t) (1)
P's (1) = -B1Ps(t)+a Pt
Pz 8 = '((EZP28+C(;P;8 Good state: O Failed state: ‘:]
P'7 (t) = 0P (1)+AP(t)
P's (1) = NPs(t)+nPo(t) Fig. 1: State of the system
Where:
[=(0, + 0, +y+) B, B, 0O 0 0 0 & n]
oy _(Dl +0, +B1) 0 Bz 0 Bl 0 0 0
a, 0 _(Dl +0, +Bz) 0 Bl 0 Bz 0 0
0 a, 0 8, 0 0 0 0 O
Q= 0 0 a, 0 8 0O 0 0 O
0 0, 0 0 0 B, 0 0 0
0 0 a, 0 0 0 -, 0 O
A 0 0 0 0 0 0 -6 O
i y 0 0 O 0 0 0 o0 -n

Mean Time to System Failure (MTSF): To calculate the MTSF we take the transpose mafri@ and delete the
rows and columns for the absorbing state, the nawixnis called A. the expected time to reach asoahing state
is calculated from:
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We can put the above system of differential
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1
|1
MTTF =P(0)~A 1) 1 (2)
1
Where:
-0, +0,+y+A) a, a, A
A= Bl _(Dl + Dz +Bz) 0 0
B, 0 -0, +0,4B,) O
o) 0 0 -0

The steady state mean Time to System Failure (NTsSgiven by:

MTSF = ((@r+ai5)” (A+28)+A[(ar+015) (Br+B2)+BaBal+ 8] ta+(B+2B5) +01o(2B1+B2)+B1B2])/(B{( atarp)
[(0t+5) (0t Bo+0taB) ]+ V(0 +01) (Br+B2) + BaBal)) 3

Availability analysis: The initial conditions for this problem are the saas for the reliability case:
P©)=1[1,0,0,0,0,0,0,0,0]

the differential equations form can be expressed as

| [=(0,+0,+y+2) B B, 0o 0 0 0 3 njr
P; a, _(Dl + Dz +B1) 0 Bz 0 Bl 0 0 0 Pl
Pz a, 0 _(Dl + Dz +B2) 0 B1 0 Bz 0 0 Pz
P; 0 a, 0 B, O 0 0 0 Oj|PR
P; = 0 0 o, 0 B, O 0 0 O|PR
P; 0 0, 0 0 0 -B 0 0 O|R
Pg 0 0 a, 0 0 0 B, 0 OfFR
P A 0 0 0O 0 0 0 -8 P,
B | y 0 0 0O 0 0 0 0 -njR]|
In the steady state, the derivatives of the siedbabilities become zero, i.e.:
QP ) =0 (4)
Then the steady state probabilities can be cdkullas follows:
A(0) =Py (c0)+Py(00)+P5(00)+Py(c0) (5)
Then the matrix form became:
[=(0, + 0, +y+)) B, B, 0o 0o 0 0 & nlRrR] [0]
o _(Dl +O(2+B1) 0 Bz 0 B1 0 0 0 P1 0
a, 0 _(Dl + Dz +Bz) 0 Bl 0 Bz 0 0 Pz 0
0 a, 0 B, O 0 0 0 OfPR 0
0 0 a, 0o B, O 0 0 OjPR|=|0
0 0, 0 0 -B 0 0 OfR 0
0 0 a, 0 0 0 -B, 0 O|FR 0
A 0 0 0 0 0 0 -9 P, 0
L y 0 0 0 0 0 0 0 K| 10]
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To obtain Y(co0)+P;(0)+P,(0)+P;(0) we solve the Eq. 4 by using following normalizicgndition:
Po(00)+Py(00) +Py(00) +P; (00)+P5(00) +Py (00) + Py(00) +P7(00) +Pg(e0) = 1 (6)

We substitute the Eq. 6 in any one of the redundams in Eq. 4 yield:

[, + 0, +y+) B, B, 0

0 0o 0 3 nl[R] [0
oy _(D1+D2+Bl) 0 Bz 0 B1 0 0 0 Pl 0
a, 0 _(D1+D2+B2) 0 Bl 0 Bz 0 0 Pz 0
0 a, 0 -8, 0 0 0 0 olR| |O
0 0 a, 0O B, 0 0 0 O0|R|=|0
0 0, 0 0O 0 B, 0 0 O|R| |O
0 0 a, 0O 0 0 -B, 0 O|R| |O
A 0 0 0 0 0 0 -o P, 0
i 1 1 1 1 1 1 1 1 3R] [1]
The steady state availability Af is given by: From Eg. 7-9, the expected total profit per unit
time incurred to the system in the steady-statgivien
A(0) = BB1N[B1B2(A+3)+d(a1Bo+0,B1)[/D (7) by:
—R.23.2 +57)+ + + -C1(D-B2B1 N (A+0))-CAN(B2)"(Be
D = B, B2 (Yd+AN+3n)+N 3011 B2+ 0toB31) (011 32,031 +H3135) /(822312(\/6"')\"]"'5”)""]5(0(1[52"'0(231) (10)
Busy period analysis. The initial conditions for this (01B2+aB1+B1B2)))

problem are the same as for the reliability cadee T

differential equations form can be expressed a$pecial case: When the preventive maintenance is not
availability case. available.

Then the steady state busy perioéBis given by: The mean time to system failure is given by:

B(e0) = 1-(Ry(00)+P7(0)) = (13,°B:"n(A+8))/D (8 MTSF= ((431(0(1+292)+I32(2G1+Gz)+l31[322
. ) +2(01+02)%))/ ((ar+az)[(as+ay)
The expected frequency of preventive maintenance:
The iniEc)iaI condﬁ?ons ?(/)r thFi)s problem are the saas HauBrazByl+y [(outo) (BB +BiRaD) (11)

for the reliability case. Then the steady stateg th
expected frequency of preventive maintenance pgr ung,.
time K() is given by: y:

K () = Py(0) = AnB:?B,2/D (9) A(e) = (B2Bn(a1B2+012B1+B1B2))/Dy (12)

The steady state availability of the system igiv

Cost analysis: The expected total profit per unit time Where:

incurred to the system in the steady-state is goyen
y y oo D1 = B2*Ba2(y+N)+N (1B 2+ 0B1) (A1 B2+0:B1+04B2)

The steady state busy period of the system isgive

Profit = total revenue-total cost

PF = RA£0)-C1B(c0)-CoK(0) by:
Where: B(w) = (148,°B:n)/D, (13)
PF = The profit incurred to the system
R = The revenue per unit up-time of the system The expected total profit incurred to the system i
C: = The cost per unit time which the system is undethe steady-state is given by:
repair
C, = The cost per preventive maintenance PF = RA)-C.B(x)
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PF = (R BBN(B1P2+(a1B2+02B1))) e Table 3: Show relation between failure rate of type
-Co(D1-B2 B 2B+ (y+n) (14) 1 and the profit of the system (with and without
N (01B2+0B1)( a1 B2H+05B1+B41B2)))) D1 PM)

e Fig. 2: Show relation between the failure rate of
type 1 and the MTSF
Many researchers have studied the cost analysis 8f Fig. 3: Show relation between the failure rate of
a two-unit cold standby redundant system with two  type 1 and the availability
types of unit failure without common-cause failueesl + Fig. 4: Show relation between the failure rate of
preventive maintenance. In this study, the MeaneTlim type 1 and expected total profit
to System Failure (MTSF), the steady-state avditgpi
the steady state busy period and profit functionthef  Taple 3: Relation between failure rate of type @ #re profit (with

MATERIALSAND METHODS

system are obtained for both systems with and witho and without PM)
preventive maintenance The profit of the system The profit of the system
We analyze the system by using Kolmogorov’'swithout PM with PM oy
forward equations methodNext, some numerical 644.17 728.12 0.01
computations are computed to show the effect 0\573 ii ggg-g‘s‘ 8-85
preventive maintenance on the system. 452 83 10,94 0.04
405.84 489.95 0.05
RESULTS 365.28 444,55 0.06
If we put:a, = 0.04,8, = 0.05,, = 0.06,A = 0.02, ggggg ;‘2;‘53 88;
d= o.ozr,]y f ICI)001n 0.04 in Eqg. 3, 7, 10-12 and 14 272 45 336 52 0.09
we get the following: 248.68 308.10 0.10
e Table 1: Show relation between failure rate of tiype
and the MTSF of the system (with and without PM) 120
e Table 2: Show relation between failure rate of type 100
and availability of the system (with and without PM s0
MTSF of the system
Table 1: Relation between failure rate of type &l tre MTSF (with with PM 60
and without PM) 10
M'TSF of the system MTSF of the system MTSF ofthe system
without PM with PM [of1 without PM 20
75.901 102.85 0.01
g;g?g 24913(8)2 882 The failure rate of type 1 R -0
33.113 53.894 0.04 = == =7
28.610 46.229 0.05 _ _ _
25.159 40.407 0.06 Fig. 2: Relation between the failure rate of typarnt
22.435 35.846 0.07 the MTSE
20.233 32.185 0.08
18.418 29.185 0.09
16.897 26.685 0.10 1.0
0.8
Table 2: Relation between failure rate of type d awailability (with
and without PM) g e Lo
Availability of the system _ Availability of the sysh ’S’:S:;:]bi‘l‘:; ;;?“
without PM with PM o : B 04
0.70633 0.78695 0.01 T
Availability of the
822?33 823(2332?) 882 system without PM 0.2
822%%2 ggég?g 83‘51 The failure rate of type 1 T T T I 0.0
0.44959 0.52421 0.06 S 22 8 =
0.41651 0.48628 0.07
0.38753 0.45248 008 _. . .
0.36201 0.42234 009 Fig. 3: Relation between the failure rate of typarid
0.33942 0.39539 0.10 the profit
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