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Abstract: Problem statement: This study presents the reliability analysis of twathematical models
representing electric power systems operatingucttdiating outdoor weather (i.e., normal and stormy
weather) and compared between two modfsproach: Model | deals the reliability analysis of a
single-server two-unit cold standby, Model Il detiie reliability analysis of a single-server twatun
warm standby, for two systems with two differentdes (normal, total failure). System failure occurs
when both the units fail total\Results: The failure rate and failed repair rate of a @mé constants.
Laplace transforms of the various state probagditiave been derived and then reliability is oletiin
by the inversion proces€onclusion/Recommendations: Mean Time To Failure (MTTF) are derived.
The failure times of operating/spare units and ireppame of failed units are exponential distributed
Certain important results are compared betweersjwems.
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INTRODUCTION —— A — A
. ( e————— 10: )
Introduction of redundancy, are some of the well- f\fi [ x_x"] n

known methods by which the reliability of a systean
be improved. Two-unit standby redundant systeme hav

been extensively studied by several authors inptie. o o

earlier study researchers (Balbir and Subramanyam,

1985) have studied the stochastic analysis of tmib-u X L I

outdoor electric power systems in changing weather ( a7 3 o ) »
(Dhillon and Natesan, 1986) have studied the riitiab — 7 e

analysis of man-machine system operating subject to B L

physical conditions (Kuo-Hsiung Wamgal., 2006) have
studied the Comparison of reliability and the adaility (): Up state  [J: Down state
between four systems with warm standby components -

and standby switching failure (Mokadds al., 2009)
have studied the stochastic behavior of a two-waitm
standby system with two types of repairmen andeped
time.

Fig. 1: State transition diagram

Model Il essentially represents the same system

This study presents two mathematical modelconfiguration as in model | but with one excepttbat
representing electric power systems operating 1€ Unit standby is warm. The state space diagram o

fluctuating outdoor weather (i.e., normal and stprm the system is shown in Fig. 2. Certain importastits
weather). have been derived as compared between two models

Model | represents a repairab|e two identical unitand. Some numerical results for the mean times to

system with one unit in operation and the other ine failure are calculated.

cold standby mode. The system operates in the aigng

environments (i.e., normal and stormy weather). Thel hefollowing assumptions are adopted: The following
failed units are repairable. The system ceases tassumptions are associated with Models | and II:
function when both the units are non-operative. The

system state transition diagram is shownFig. 1. e Unit failure rate is constant
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(O): Up state []: Down state

Fig. 2: State transition diagram

Units are similar and statistically independent

one is in cold standby for model | and warm
standby for model Il

The system operates in changing weather (i.e
normal and stormy weather)

As soon as the operating unit fails, it is replaaed
a certain constant rate by the standby

non-operative
A repaired unit is as good as 'new'(this assumptio
is applicable to Model | and Model II)

Analysisfor thetwo models:

Modeél I: Deals the reliability analysis of a single-server Pou (

two-unit cold standby.

System reliability for Model 1: The system reliability
R(t) is the probability of failure-free operatiori the
system in (0,t). To derive an expression for thialwdity
of the system, we restrict the transitions of tharkdv
process to the up states, viz.iU[jUi = 0,1. Using the
infinitesimal generator given in the Fig. 1; pantag to
these states and standard probabilistic argumevds,
derive the following differential equations:

% = (A +0) Py (+H Pu(t) Y P (1)

% = (A +p+a ) py(t) +Apg () + ypy (1)

% =—(N+y) Py (O+ 'Ry (D+a py (1) M)

dzltu = —(N+ +y) P (D +N oy (0 + a p, ()
Taking Laplace transform of,,. (1), i=0,1, on

both the sides of the differential Eq. 1 and usihg
18

At time t = 0, one unit is operation and the other

The system failure occurs when both the units are

initial conditions at time t = 0,42(0) = 1 and all other
initial condition probabilities are equal to zesmlving

for Pyju(S); we get:

Af(sFHa+A+p)(sty+A +)-ay

pou(s)=(SWM)(('”(S*?”)*(“) -

[](s-s)
Plu(s):)\(s+y+)\')(s+\£+)\'+p')—)\'()\u'—0(y) @)

[](s=s)

POU’():a(s+a+)\+p)(sjy+)\’+p')+a()\p'—ay)

[](s-s)
Pluv(s):a()\(s+y+)\;)+)\'(s+a +X+p))

I:j(s-s)

Now taking inverse LT of Eq. 2 we get:

Pou (1) =g[(s YN ((s+a+h+p)( sy N +u)-ay)

|i|(s-$)} &

r=1,ri

ik(s FYHN)(§HY N ) N (A —ay)
4 C

i=1 I_I (S_S)

r=1,r#i

=N(s+o+A+p)/

n
Pu(t)=

1

t)=

(s ta+Atp)(sHy N H) YA -ay) oo ()
8 e

= (s-s)

r=1r#i
+N)+N (s+a+A +p))
4

(s-s)

r=1,r#i

~<

€

Then the system reliability for Model | is giveg:b

R()= R (9 + R(J+ B, ()+ R}

Z[(S +y+)\')()\(§ +a+y+N + )

i=1

+

—ay+(s +a +)\+p)($+y+)\'+p'))) 4)

+(s +a +)\+p)(—)\'p’+o((§ +y+ 2\’+p’))

(
(
+(ur-ay)(@-n) [] (s -5)] &

J=L, j#i

where, 8, $, &, S, the roots of the polynomial for the
following equation:
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the transitions of the Markov process to the upesta
viz.iU[iU'], i = 0, 1, 2. Using the infinitesimal
generator given in the Fig. 2 pertaining to thesges
and standard probabilistic arguments, we derive the
following differential equations:

(-ay(s+oa+A+p)+(s+y+A)
(-Ap+(s+a+))(sta+A +p)))
(s+y+)\'+u’)—ay(—ay+(s+y+)\')
(s+a+A)+Ap)+ N (—oyp—(-Ap+(s+a+A)
(sta+r+p))uw)=0

d
0= — (84 A1) Do, (1) +H Py (04 1 Pay (0 ¥ Doy (0
Mean time to system for Model |: The Laplace dp,
transform of the reliability of the system for Mddés dtu == (HH+A+a) Py (1) +3poy (1) + YRy (1)
given by: d
B = - (M) Py (D4 APy (OF VP (O
1 1
- dPouy _ (x4 '
R(S) _g iU ( )+; R ( $ %—_(6 +A +V) pou'(t)"'l»l Py (t) (7)
=[(s+y+N)(M(staty+n +y) U Py (6 Poy (1)
FCavsrash sy )] ) B ), 048 s 04 P
+(s+a +A +u)(—)\'u'+a(s+y+ 2\’+u')) ddt
, o S (N U HY) Doy (OF NPy (08 o (1)
+(—ay)(a=N) /T (s-s)
Taking Laplace transform o#,,,(t), i=0,1,2, on

The mean time to failure of the system for Model lboth the sides of the differential Eq. 7 and usihg
is given by: initial conditions at time t = 02 (0) = 1 and all other
initial condition probabilities are equal to zesmlving

MTTF =limR(s) =[(v+N)(A(a +y+N +1) for Ry (9); we get:
+(may+(a A+ p)(y+N +))
+(a+)\+p)(—)\p +a(y+2\ +)) (6) POU(S)ZW
S—§
A )\ / =
+ (A —ay)(a -A)] I'j s) o (9=t )4 (3-8 3( 3
Where: El(s_s*)
Plu(s):6(S+y+)\':“')‘]4(§_8‘J( % (8)
|‘l(—s,)=[a2A'2+aA'(2yA+N(2A+p)) I:j(S-S)
N[y N7 y(2X )] HCRRECALLEE
[](s-s)
Model 11: Deals the reliability analysis of a single- (s):)\(s+y+)\'+p’)‘12(§—)\'g(;
server two-unit warm standby Fig. 2 shows the stafe " s (s-5)
the system for Model . n 8
qur(S)z)\'Js(s)Jra)\ J(3

System reliability for Model 1lI: The system
reliability R(t) is the probability of failure-free
operation of the system in (O,
expression for the reliability of the system, wstriet

19

t). To derive an

|j(s—s)

Now taking inverse LT of Eq. 8 we get:
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r=1,r#i

= |'| (s-s)

'(t):i(swﬂ’:u')%@)-a9( 9 ©)

r=1,r#i

:i[(}\(g +o+y+N +) —ah)

J(5)+ 3(9)+3( sta+y+N+u) X 3
(6'+N a)ds(s)+(s+y+ 2" +w) I( 9

+83,(s) / ﬁ -5 &

r=1,rzi

Iy

(10)

Mean time to system for Model Il: The Laplace
transform of the reliability of the system is giviey:

R(9) = i U(s)+§ B'(}
:[(A sta+y+N+p)-ar)L(9+ I( b+
B(s+a+y+A+) 3 (9-(5+N -a )4(%
(

)S]I'I.

11)

+(s+y+ 2 +)3(9+3 J(

MTTF =lmR(s) =
[a(+w)+ () (y+n +i)(a?(5 + 2V +p)
HBH 2+ p)(VP N (8 +N) +y(8 + 2N +p))
HUNE N B+ 2) () (3 )

#3(Y +N ) ry(B4 3+ 2+ 2 )
M@ N (E+N) + (a (N +10)+ (A +u)(y+ A +1))
afy(a + (8 +21)) + N (5 +N)

AB+A)(V N (8 +X)+y(8 + 2 +)) ]

(12)

Where:

J(9=(-Bu(sta+A+p)+(sy+3+N\)
(—oy(s+a+X+p)

3(9=(sta+A+u)(-Aw(-ay+(sra+r+p)
(s+y+A +))+(s+y+N+1) 3(3)

J(9=(-NW(sta+r+p)+(sry+3+N)
(-ay+(s+a+A+p)(9=((sra+A+p)
(s+y+)\'+p')(6p'—ay)—ay(—ay+6p'+)\p'))

Jo(9=(sta+r+p)(a( sra+A+u)( sy+N+p)
+a (s -ay)),
(a(s+a +A +p)(s+y+)\'+p')+0(()\p'—Gy))

J(9=3g= s I )s7 12..7

J,(s)=(s+a+A+p)

and 3,%,...,$ the roots of the polynomial for expand
the determinant of the following matrix:

[(s+w) -u - -y 0 0
-5 (stw,) 0 0 -y 0
-A 0 (s+w,) 0 0 -y
-a 0 0 (s+w) - -
0 -a 0 =& (st w,) 0

| o 0 -a -\ 0 (s+w)

where:
=0+A+a

W, =p+A+a

w,=8+A"+y

W, =N+ +y

Graphical representation:  Setting ' =0.02,

The mean time to failure of the system is givenp=0.03,y=0.06\"= 0.03¢ = 0.0¢ =0.038 = 0.04 in

by:
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Eq. 6 and 12. We get compare between two models.
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CONCLUSION

The Table 1 shows that the present of an using cold
standby)' leads to improve the values of the mean time

First represent Mean Time To Failure (MTTF) andto system failure and the steady state availabéisy
steady state availability for different values obnstant  shown from their behaviors when plotted agamstnd
failure rate operative unit in normal)( Also, second ).

represents Mean Time To Failure (MTTF) and steady  Figure 3-8 demonstrate the following results which

state availability for different values of condtdailure

are only to be expected.

rate operative unit in storm\\’J of the two Models. Changeover parameter &'] unit constant failure

180 T’ Model I
160

Model II

MTTI

Fig. 3: Represent relation betwegiand MTTF

180
160

140

Model II

MTTT

0.02 0.03 0.04 T 008

Fig. 5: Represent relation betweeiand MTT

rate worm standby unit in normal (stormy) weatlzze,
large and the\[A'] unit constant failure rate operative
unit in normal (stormy) weather, are small. ThenT#T
for Model | is patter than MTTF for Model II.

Changeover parameter&®'] unit constant failure
rate warm standby unit in normal (stormy) weatlage,
equal zero. Then MTTF for Model | is equal to MTTF
for Model II.

Table 1: Compare between two models

MTTF for Model | MTTF for Model Il

AN =0.03, A

0.01 194.118 107.273
0.02 130.208 79.5066
0.03 95.6246 63.1030
0.04 74.7696 52.2857
0.05 61.0610 44.6221
0.06 51.4502 38.9112
0.07 44.3759 34.4924
0.08 38.9687 30.9724
0.09 34.7107 28.1029
A=0.02, \'

0.01 224.740 115.686
0.02 164.881 93.3333
0.03 130.208 79.5066
0.04 108.333 70.1149
0.05 93.5133 63.3221
0.06 82.9023 58.1818
0.07 74.9718 54.1573
0.08 68.8406 50.9213
0.09 63.9695 48.2630

Model I = Model IT

MTTT

0.02 0.03 0.04 0.05

Fig. 6: Represent relation betwegand MTTF
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Model T

MTTE

Model IT

0.02 0.03 004 0.03

Model I

MTTE

Model IT

0.02 0.03 004 0.03

Fig. 8: Represent relation betwegrand MTTF
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