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Abstract: Problem statement: Several researchers have studied the reliability behavior of a three
state systems, but no attention was paid to the reliability evaluation due to preventive maintenance.
The better maintenance of the system originates better reliability. Also, standby support increases the
reliability of the system.Approach: Determine the efficacy of preventive maintenance on the
reliability and performance of the system. In this study, the MTSF, steady-state availability and costt
analysis of a two-dissimilar-unit cold standby system with preventive maintenance was discussed. The
proposed system has been investigated under the assumption that each unit works in three different
states: Normal, partial failed ad total failure. The failure and repair time distributions are exponential.
Using linear first order differential equations the system characteristics had been obtained. A special
case for the proposed system is given in which preventive maintenance was not cof¥ideltsd The

results indicated that the system with preventive maintenance is better than the system without
preventive maintenanc€onclusion: These results indicated that the better maintenance of parts of
the system originated better reliability and performance of the system

Key words: Cost analysis, Mean Time to System Failure (MTSF), steady-state availability, busy
period, profit function, Preventive Maintenance (PM), Kolmogorov’'s forward equations
method

INTRODUCTION * Mean Time to System Failure (MTTF) with and
without preventive maintenance

Several researchéfd have studied the reliability * Steady-state availability ~with and without
behavior of a three state systems, but no attention was preventive maintenance
paid to the reliability evaluation due to preventive* Steady-state busy period with and without
maintenance. The better maintenance of the system preventive maintenance
originates better reliability and performance of thee Profit analysis in steady-state with and without
system. Also, in a standby redundant system, some preventive maintenance
additional paths are created for the proper functioning
of the system. The standby units support increase the A particular case for the results of analyzing the
reliability of the system. MTTF, availability and cost function Vs unit failure is

On the failure of the operating unit, a standby unitdiscussed. Using the special case study the effect of
is switched on by perfect or imperfect switching device Preventive maintenance on the system performance is
Thus introducing redundant parts and providingShown theoretically and graphically.
maintenance and repair may achieve high degree of )
reliability. Others researchers have studied cost analysfSsumptions:
of two-unit redundant systems with preventive
maintenance assuming only two states of operations, The system consists of two-dissimilar units, one is
namely good and fail&t. main and the other is its standby

The purpose of this study is to study the MTTF,» Initially one unit is operative and the other unit is
availability and cost analysis of a t two-dissimilar-unit ~ kept as cold standby
repairable redundant system with three states witlh A perfect switch is used to switch-on standby unit
preventive maintenance. We analyzed the system by and switch-over time is negligible
using linear first order differential equations to obtaine  The system has three states: Normal, partial failure
the following system characteristics: and total failure
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* A unit in the normal mode must pass through the
partial failure mode

* A unit which is replaced or repaired in total fadu
go directly to the normal mode without passing
through the partial failure mode

« Unit failure and repair rates are constants

e Failure rates and repair rates follow exponential
diStribUtion Good stste Q Failed stste l:l

* Arepaired unit works as a good as new

e The system is down when both units are non—Fig_ 1: State of the system
operative

Mean Time to System Failure (MTSF): In this study, To calculate the MTSF we take the transpose

the Mean Time to System Failure (MTSF) for the
proposed system evaluated using the above-mentionee
set of assumptions and method of linear first ordelf
differential equations. If we let P(t) denote the
probability row vector at time t, the initial cotidns

pected time to reach an absorbing state is caémll
rom:

for this problem are: 1
1
P(0) = [R(0)Py(0)Px(0)Ps(0)P4(0)P5(0)] = [1 0 0 0 0 0] MTSF= P(0)¢ A™)1 (2)
1
By employing the method of linear first order 1
differential equations For Fig. 1 and we can obthm
following differential equations: Where:
P(I)(t):_)\lF?) (O+B, R (B (o R (1) A=[-(\, +X) A, 0 0 y
R(D)=-@; +B,)R ()+A,R (1) B,  —(a,+B) a, 0 0
P()=-(,+1,)P, (+a, R (tFB,R (tFu,R (t 1) m 0 -\, +w) A, 0
P (D)= -0, +B.)R (0+A,R (1) 0 0 B, -~-@,*B;) O
P ()=~ U,P, ()+ B (ra,R (1) 5 0 0 o -8

R (t)=-3R (t)+YR (1)

matrix of Q and delete the rows and columns for the
absorbing state, the new matrix is called A. the

The steady state mean Time to System Failure

The above system of differential equations can bdMTSF)is given by:
written in the matrix form as:

MTSF=(ai s a?]
a4,

P* = QxP
Where: Where:
8, = (y+8)@ o+ B+ B)

o= L ENEE AR B ) (3)
Aty B M 0 0 5 =50,0AN,)

)\1 —(01+B1) 0 0 0 % ' 2}\1 ’

0 a A, + 0

; . ( : ) (GBjB) P Availability analysis The initial conditions for this

2 2 2 0 problem are the same as for the reliability case.

0 0 0 o P()=[1, 0, 0, 0, 0, 0, 0, 0, O],the differential

Y 0 0 0 0 -9 equations form can be expressed as:
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P(; __()‘1 +A) B H; 0 0 9o R
PI A —(a, +B,) 0 0 0 0 R
P; - 0 ay (A2t 1) B, H, O|R
P 0 0 A, —@*B,) 0 0OR
P; 0 0 0 a, -u, O PR
_P;_ L VY 0 0 0 0 —6_ _PS_

In the steady state, the derivatives of the gieababilities become zero, i.e.:

QPE) =0 (@)
Then the steady state probabilities can be cdklilas follows:

A(0) = Py (00)+Py(0)+P5(00)+P7(e0) (5)

Then the matrix form became:

=+ ) B " o o 3R] [0]
A —(a, +By) 0 0 0 O|| R 0
0 oy ~(A,+Hy) B, H, OfFR - 0
0 0 A, -@,+B,) O 0|| R, 0
0 0 0 a, -u, O||R, 0
Ly 0 0 0 0 -3||R| |0O]

to obtain B (c0)+Py(0)+P,(0)+P(0) we solve the Eq. 4 by using following normaliziegndition:
Po (oo)+Pl(oo)+P2(oo)+P3(oo)+P4(oo) =1 (6)

We substitute the equation (6) in any one of gtindant rows in equation to (4) yield:

[\ +2) B, M, 0 o 3|r] [0
A, —(o,+B,) 0 0 o of|r| |0
0 a, —(A,+uy) B, W, O||R|_|0
0 0 A\, -@,+B,) O O||R | |O
0 0 0 a, -u, O|| PR, 0
1 1 1 1 1 1R [1]
The steady state availability A is given by: availability case. Then the steady state busy gerio
B is given by:
A () = Py+P+P+Ps+Ps, or y
N B)=1=(R )+ R )= o (8)
A(@) =1-R = o )
where, M =lipa(y+3)(0z+B2) (01 +By).
Where:
N = 30;0,A 1A, The expected frequency of preventive maintenance:
D = (y+3) Hapo(0t1+B1) (01o+B2) +O(HasA 1 (04 B2) + The initial conditions for this problem are the saas
HoA 1001 (Bt A2)+ A 1001 (A o+ Hy)) for the reliability case. Then the steady states th

e_xpecteq frgquency of preventive maintenance pir un
Busy period analysis: The initial conditions for this time K is given by:
problem are the same as for the reliability cadee T
differential equations form can be expressed a&(®) = Ps(0) = Hipy(0z+B5) (a1+[B1)/D) 9)
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Cogt analysis. The expected total profit per unit time MATERIALSAND METHODS

incurred to the system in the steady-state is giwen _ )
Many authors have studied two-unit cold standby

system with two types of operation and repair. The

Profit = Total revenue-total cost question was raised whether the preventive

PF = ReA(0)-CyxB(e0)-CoxK(w) (10)  maintenance increases the reliability of the system
In this study the MTTF, availability and cost

Where: analysis of a two-dissimilar-unit repairable redantd
PF = The profit incurred to the system system with three states and preventive maintenance
R = The revenue per unit up-time of the system were discussed to show the system with preventive
C, = The cost per unit time which the system is undemaintenance increase the reliability of the system.

repair We analyze the system by using Kolmogorov’'s
C, =The cost per preventive maintenance forward equations method. After the model is

developed a particular case study is discussed to
Special case: When the preventive maintenance is notvalidate the theoretical results. Next, some nucaéri

available, computations are derived to show the effect of
The mean time to system failure is given by: preventive maintenance on the reliability of theteyn.
RESULTS
MTSF:[bl;bZ] (11) If we put A,=0.02, a;=0.03, a, = 0.04,
3 3, =0.05, B,=0.06, y=0.02,6=0.08,u; = 0.02,u,

=0.03 in Eqg. 3,7, 8 10 and Eqg. 11-14 we pet t
Where: following:

b, =@\, +au, +Bu)(a,+B
' Aot AP e Table 1 shows relation between failure raig) (

= +A)+ +u)+ + : :
D, =A@, (@, + AL+ A+ ) +B A H 1) and the MTSF of the system (with and without
b;=a,0 AA, preventive maintenance)
e Table 2 shows relation between failure raie) (
The steady state availability of the system isgiv and availability of the system (with and without
by: preventive maintenance)
Table 1: Relation between failure rakg)(and the MTSF (with and
A() = Py+P+Px+P; or without PM)
MTSF of the system with MTSF of the system without
N A preventive maintenance preventive maintenance
A(o)=1-P, =1-—+ (12) 7100 143330 1200.00
D, 0.02 850.00 733.33
0.03 655.56 577.78
Where: 0.04 558.33 500.00
ere. 0.05 500.00 453.33
N1 = 010A 1A 0.06 461.11 422.22
— 0.07 433.33 400.00
Dl - uluZ(al-'-Bl) (Gz"'Bz)"’UzHl)\l(Gz"'Bz)"' 0.08 412.50 383.33
HaA 101 (BatA2)+ A 100 (As+ o) 009  396.30 370.37
0.10 383.33 360.00
The steady state busy period of the system isngive
by' Table 2: Relation between failure radg)(and availability (with and
’ without PM)
Availability of the system Availability of the system
M A with preventive maintenance  without preventiventenance
=1- + = 1-—1 1
Bul)=1-(R+R)=* D, (13) 1.00  0.96970 0.96429
0.02  0.95122 0.94444
0.03  0.93878 0.93182
_ 0.04  0.92982 0.92308
where, M = ppa(a;+By) (02+By). 005  0.92308 0.91667
The expected total profit incurred to the system i 006 091781 0.91176
the steady-state is given by: 0.07  0.91358 0.90789
0.08  0.91011 0.90476
0.09  0.90722 0.90217
PF = RcA4(0)-C;XB;(o0) (14) 0.10  0.90476 0.90000
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Table 3: Relation between failure ralg)(and busy period (with and 1
without PM) N o8
Busy period of the system Busy period of the syste —  Busvperod ofthe ’
M with preventive maintenance  without preventiventenance system with preventive \ 0.6
1.00 0.24242 0.28571 maintenance o
Sz o3 04444 N
0.03 0.48980 0.54545 pre\-en(i\:ema.intena.uce 02
0.04 0.56140 0.61538 0
0.05 0.61538 0.66667 0.1 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01
0.06 0.65753 0.70588
0.07 0.69136 0.73684 . . .
008 071910 0.76190 Fig. 4: Relfitlon between the failure ratk,X and the busy
0.09 0.74227 0.78261 period
0.10 0.76190 0.80000
850
Table 4: Relation between failure rafe)(and the profit (with and
without PM) - 900
The profit of the system The profit of the systeithout ——The profit of the system
A with preventive maintenance  preventive mainteaanc with tlﬂre“?mi\"3 : - + 850
maintenance
1.00 939.40 935.72 Tue: ph o B
0.02 907.32 900.00 svstem ywithout - T 800
003 88572 87728 prerenti\'e maintenance
0.04 870.17 861.54 —— : + 750
0.05 85847 850.00 0.1 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.020.0
0.06  849.32 841.17
0.07 841.97 834.21 Fig. 5: Relation between the failure ratd,)( and the
0.08  835.95 828.57 expected total profit
0.09 830.93 823.91
0.10 826.67 820.00 . . .
» Figure 2 shows relation between the failure rate
1600 0\1) and the MTSF
7 e * Figure 3 shows relation between the failure rate
—MISF ofthe sstem with /g (A1) and the Availability
preventive mamiennee //— 800 « Figure 4 shows relation between the failure rate
MISF of the system D i (A1) and the busy period .
maintenance 200 + Figure 5 shows relation between the failure rate
04 005 008007 0.06 005 004 0.03 002 001 (A1) and the expected total profit
Fig. 2: Relation between the failure rakg)(and the MTSF DISCUSSION
008 By comparing the characteristic, MTSF,
VAT availability and the profit function with respeac f\;)
ey of the svstenn / 004 for both systems with and without preventive
with preventive / . maintenance graphically, it was observing that:
maintenance R . .
vy of the sy e . The increase of failure rateA at constant
without preventive A2=0.02, a;=0.03, a,=0.04,3;=0.053,=0.06,
mantenance 0.88
y=0.02,6 =0.08,u; = 0.02,u, = 0.03, R = 1000, &=

01 009 005007 008 005 008 033 002 oot 0 100, G = 10, the MTSF, availability and the profit
function of the system decrease for both systentls wi
Fig. 3: Relation between the failure raté;)( and the and without preventive maintenance.
availability
. . CONCLUSION
» Table 3 shows relation between failure raig) (

and busy period of the system (with and without . .
preventive maintenance) We conclude from the Fig. 1-4 that the system with

« Table 4 shows relation between failure rag) ( preventive maintenancg is greater than the system
and the profit of the system (with and without without preventive maintenance with respect to the
preventive maintenance) MTSF, availability and the profit function, i.e.he
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system with preventive maintenance is better then t 6.
system without preventive maintenance.
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