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Abstract

In this paper presents the reliability analysis two mathematical models representing electric power
systems operating in fluctuating outdoor weather (i.e., normal and stormy weather) and compared
between two models. Model I deal the reliability analysis of a single-server two-unit cold standby;
Model II deals the reliability analysis of a single-server two-unit warm standby. for two systems with
two different modes [normal, total failure]. System failure occurs when both the units fail totally. The
failure rate and failed repair rate of a unit are constants. Laplace transforms of the various state
probabilities have been derived and then reliability is obtained by the inversion process. Moreover,
an important parameter of reliability, i.e., MTTF (mean time to failure), the variance transition of time
to failure of the system, system availability and steady-state availability are derived. The failure times
of operating/spare units and repair time of failed units are exponential distributed. Certain important
result has compared between two systems

Keywords. Cold standby, Warm standby, Reliability, Men time to system failure.

Introduction

In many previous scientific papers such a case was addressed with certain different for example in the study
of the extent of the effect of the rate of change of weather from moderate to unmoderated on system with
one operating unite [1], and another backup unite was addressed also in the study of the comparison of
reliability and the availability between four systems with warm standby components and standby switching
failures [2]. Another study has rebelled the model and analysis of power system reliability evaluation
considering weather change [3], also study have addressed the reliability evaluation of electric power systems
in alternating environment [5].

In this research, a comparison is presented between two models representing electrical power systems
operating in fluctuating outdoor weather (i.e., normal and stormy weather), where the first model represents
two units one of which is working and the other cold standby and the second model represents two units
one of which is working and the other worm standby and both systems have two different patterns [normal
total failure]. The system breaks down when it is exposed to total failure by deriving the different probabilistic
Laplace transform of the two models. Moreover, an important parameter of reliability, i.e., MTTF (mean time
to failure), the variance transition of time to failure of the system, system availability and steady-state
availability are derived. The failure times of operating/spare units and repair time of failed units are
exponential distributed. Certain important result has compared between two systems.

Assumptions

The following assumptions are associate d with models I and II:

The system ceases to function when both the units are non-operative,

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

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

At time t=0, one unit is switched into operation and the other one is in cold (or worm) standby mode,
Units are identical and statistically independent,

Unit failure rate is constant,

A repaired unit is as good as new'(this assumption is applicable to model I and II).

NokOD -

Notation
Here is the symbols and parameters are associated with both models:
ou [OU ’] when t=0 one unit is switched into operation and the other unit is in
cold [or worm] standby mode,

. S, ]

iu [IU ] |th up state of the system in normal [stormy| weather (i units are non-
operative); i=0,1,2,

. S ]

ID ['D ] |th down state of the system in normal [stormy] weather (i units are

non-operative); i=1,2,

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 18-11-2024 - Accepted: 06-01-2025 - Published: 12-01-2025 73


https://doi.org/10.54361/ajmas.258112
mailto:Intesaralsayah7@gmail.com
https://orcid.org/0000-0002-8700-1238

Algalam Journal of Medical and Applied Sciences. 2025;8(1):73-84
https://doi.org/10.54361/ajmas.258112

Y [ A ] Unit constant failure rate operative unit in normal [stormy] weather,
S [ S ] Unit constant failure rate worm standby unit in normal [stormy]
weather,
U [ u' ] Unit constant switching-in rate from standby mode to on-line mode in
normal [stormy] weather,
a [ 7 ] Weather constant transition rate from normal to stormy [stormy to
normal] state,
Vi [ ik ] Unit constant repair rate from stat in normal [stormy] weather,
S Laplace transform variable,
P (t ) Probability that the system is in state I at time t.
1
Analysis
Model I
A
14]
i!

Figure 1. State space diagram for Model 1

Using the transitions of the Markov process to the wup states of the system. Let
PiU[iU 1 (t),i =0,1 and PiD[iD’] (t), I =12 be the probability that the system is in state
iU[iU],i =0,1 and iD[iD"],i =12 at time t. The infinitesimal generator of the Markov process is given
below

-X, B 0 0 y 0 0 O
A -z 0 0 0O y 0 O
0 u X, p 0 0 y 0
0O 0 4 X 0 0 0 vy
Qu «a 0 0 0 -Y, g 0 0
0 a« O 0 A -Z, 0 O
0 0 a 0 0 4 -, p
0 0 0 «a 0 0 A -y

X,=(a+d), Xo=(B+a).Y,=(A'+7)and Y, =(§'+7) "
Z,=(p+u+a)and Z,=(f'+u'+7)

We assume that initially both the units are operable and obtain the measures of system performance.

System reliability
The system reliability R(t) is the probability of failure-free operation of the system in (O, t]. To derive an
expression for the reliability of the system, we restrict the transitions of the Markov process to the up states,

viz.IU[IU"], i =0,1 .Using the infinitesimal generator given in (1), pertaining to these states and standard
probabilistic arguments, we derive the following differential equations.
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dpoy
dt

dpyy
dt

APy,

0 =—( A+ 7) Py ) +a py, @),

dpy, -
dt

(2-.5)

Let Li (s) be the Laplace transform of Pij,iyy (t),i =0,1 Taking Laplace transform on both the sides of the

=—( /”t+a) pou(t)+ 7p0u'(t) ’

:—(ﬂ+0[) plu(t) + Vp]_u'(t)’

= =(A+7) Py ©) +ap O

differential equations (2-.5) and using the initial conditions at time t=0, POU (0)21 and all other initial
condition probabilities are equal to zero, solving for Lufiu] (s), we get
(s +4+a) Poy )~ 7 Py, () =1,
(s+A+ a)py () =7 Py (s) =0,
(s + A" +7) Py, (s) —a py, (5) =0,
(s+ A+ 7) Py (s) —a py (8) =0. (6-9)
and inverting, we get P; (t ) ,i =0U,0U",1U,1U" Then the system reliability is given by
R(t) = Poy (t) +Py (t) +Poy . (t) +Py (t)
(s; +a+y+/1')(si2 +al' +(y+A')A+s, (a+7/+/1'+/1))

4
-2 ; 10
- [T (si-s,)

IENE

Where S,,5,,55,5, are the roots of the following equation?

(ay—(s +y+A")(s +a+/1))2

Mean time to system failure
The steady-state reliability of the system is given by

R(s)=Poy (8) +Py (s) +Poy(s) +Pyy (s)

S+a+y+A) (SP+a A+ (y+A) A+S (a+y+A+1)) (11)

The mean time to failure of ther\system is givén by
MTTF =limR(s) =— @7 +4) (12)
50 (x A'+(r+A) )

Variance transition of time to failure of the system
The variance transition of time to failure of the system is given by

) ot +(7/+ﬂ’)2 +2a(y+A)
(an+(y+A)A)?

o* =-2limR'(s)~(MTTF )’ (13)

OoR (s)
oS

System availability
The system availability is the probability that system operates within the tolerances at a given instant of
time and is obtained as follows: using the infinitesimal generator given in (1), we obtain the following
differential equations

Where R'(S) =
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dp
g = (A @) pou®) + 7Py ) + B ©)
dp
—dltD =— (B+u+a) pp )+ pyp O)+ Apgy )
dp
= (2 @) py O + ey O+ O+ F Py () ’
dp
diD ==( B+ a) ppp®) + 7Py M)+ A0y 1)
dPy '
dotU ==(2+7) Py ) +apyy O+ APy (),
dp - R '
—d]:[D :_(/J +p +7/) plD'(t)+a P1p ©)+2 pOU'(t)’
dpy, - , ' '
d_t:_( A+y) pyt) +a P, O+uppO+Fp, O,
dp,n- , '
d2tD B _( B +7’) Popr ) +a pyp () +4 Py, (1) - (1421

and using the initial conditions at time t=0, POU (0) =1 and all other initial condition probabilities are equal

to zero, solving for Lufiu] (s)and Lip[iv]] (s),we get
A(B +C)
Pou 8)=5———
[1s(s—sr)
r=1
(D+E)
Py () =5 —— >
[T s(s—sr)
r=1

pOU'(S): 8 —
[T s(s—sr)
r=1
' G+H
Pyy (s) :—8( L, (22-25)
r]:[ s(s—sy)
Then we obtain

pOU . ’
=1
Ils : IT sils;—s
r=1 " r=1r+i '( : r)
(D + Ep) 8 (D; +E;) sit
Py () = > +3 g el
s si(sj—s
rl;[l ' r:Pr;ti '( : r)
a Ay F 8 aAF sit
Pour (1) = go SRR A e,
Ils B [T sij(s;—s
r=1 " r=1ri '( : r)

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 18-11-2024 - Accepted: 06-01-2025 - Published: 12-01-2025 76


https://doi.org/10.54361/ajmas.258112

Algalam Journal of Medical and Applied Sciences. 2025;8(1):73-84
https://doi.org/10.54361/ajmas.258112

(Gy+Hy) 8 G; + H; st
pyyr(t) = — 000 4% Girho st (26-29)
1 g =1 (5-5)
S Si|S; —S
r=1 " r=lrzi V0T

Since OU ,0U ", 1UJ and U’ correspond to system up-states, the system availability is given by
AV (t) = Poyy (8) +Py, (1) +Payy (6) +P - (1)

8 (B +C:. +aF )+ D; + E; +G; + H; !
=%[%(%+Co+a Fo)+Do+Eo+Go+Ho}+iZ1 (Aﬁ ( a— 5 I) SR I) e (30)
I s B IT sisi—s
=1 r=Lrzi ' ( ! r)
Steady-state availability
The steady-state availability of the system is given by
AV, ()= lim SAV, (s)= 3 ! [Ao(Bo+Co+a Fo)+Do+Eo+Go+H0}
T (-sr)
r=1
=;/+(a+7+2/)ﬂ+((a+y)(a+ﬂ)+aﬂ)ﬂ’ -

(a+7)(a (X +B)+(B+A)(y+2'+ )
Where

8

Hl(—Sr ) are the roots of the equation (14-21), after taking Laplace transform,
r=

A =s+a+p)s’+a(l+B)+(A+B)y+ A +B)+s(a+y+A+ B+ + )
B, =s(/* +(B+u)(A'+ B)+ (A + f+u) ' +a(y+ 2+ B+ p) +y (A +2+2u+f'+ ')
C, =(53+;/(y+ﬂ,')(ﬁ+,u)+y(a+ﬂ+,u)ﬂ'+(7/+/1’)(a+ﬁ+,u),u’+52(a+2y+ﬂ,’+ﬁ+,u+,8'+,u'))
D, :ﬂ'(/,z((s +y+A)(s(s+y+a)+(s+7)B)+(s+¥)(s+a+B) )
(ay—aB)+ay(s+a+B+u)(s*+af +B(y+A'+B)+s(a+y+B+p))u)
E, =(-s—y- /1')/1(—0{}/(—057/+/1’ﬂ+(s+a+ﬂ)(s+7+ﬁ')),u'

—u((s+y+2)(s(s+a+y)+(s+»)B)+(s+7)(s+a+B)B)(s+y+ B +u'))

=( y+AB +(s+a+B+u)(s+y+p+u)),

=(s+y+pB) a(s+a)(s+a+p+A)((s+y+A)A+A (s+a+pB+u))u

—a(s+a+,8),u( (—a;/+ﬂﬂ’)—(s+;/+/1’)/1(s+y+,6”+,u’)))
H, :a(—ﬂyﬂ'(ﬂ,’(—aerﬁ,B')—(s +7/+ﬂ,')/1(s +7/+ﬂ'+,u'))+y((s +a+ﬂ,)(—a(s +7/+l’)
A=ad(s+a+pB+u)) ' +au(A (—ay +2B)—(s +y+A") A(s +7+ﬂ'+y'))))
since A =Ag =5 :O,Ai =A=s; =s.
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Model IT

Figure 2. State space diagram for Model II

Using the transitions of the Markov process to the up states of the system. Let
PiU [iU ] (t),i =0,1,2 and PiD[iD’] (t), I =12 be the probability that the system is in state

iUJiU1,i =0,1,2 and iD[iD'],i =1,2at time t. The infinitesimal generator of the Markove process is given
below

X, B B 0O 0 y 0 0 0 0]
S -X, 0 0 0 0 y 0 0 0
A 0 -X, 0 0 0 0 y 0 0
O 0 u -X, B 0 0 0 y O
0O 4 & A X, 0 0 0 0 vy
%=, 0 0 o0 o0 Y, B B 0 0
0O a« 0 0 0 & -Y, 0 0 0 (32)
0O 0 a« 0 0 A 0 -Y, 0 0
0O 0 0 a 0 0 0 4 -, p
0 0 0 0 a 0 A & ¥ -

Whert_a
X,=(6+A+a), X, =(f+A+a),X;=(B+5+u+a), X, =(a+A)and X, =(S+a)
Yl:(ﬂu’+5'+;/),Y2 :(ﬂ’+}d+7/),Y3 :(ﬁ”+,u’+5’+7),Y4 :(ﬂ'+y)andY5 :(ﬂ'+y)

We assume that initially both the units are operable and obtain the measures of system performance.

System reliability
The system reliability R(t) is the probability of failure-free operation of the system in (O, t]. To derive an
expression for the reliability of the system, we restrict the transitions of the Markov process to the up states,

viz.IU[IU'], 1 =0,1,2 and. Using the infinitesimal generator given in (32), pertaining to these states and
standard probabilistic arguments, we derive the following differential equations

d
ZS[JU - _(5+l+a) Pou () + 5Py () + 7 Poy- (X)),
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%p—;“?(ﬂﬁ““) P ) +5Pe ) + 7Py (1),

P (24a) pay (O +7P0'©),

dz_t =—(8"+2'+7) oy )+ Py 1)+ Py (1),

% (B2 47) Py )+ S Py )+ Py ),

Lo (4+7) par @)+ oy ). (33-38)

Let Li (s) be the Laplace transform of Piyiuy (t),i =0,12 .Taking Laplace transform on both the sides of the

differential equations (33-38) and using the initial conditions at time t=0 , Py (0) =1 and all other initial
condition probabilities are equal to zero , solving for Lufiu] (s), ,we get

(s+3+A+a) Poy (8) =B Py (5) = 7 Poy-(5) =1,

(S+B+A+a) py(S) =Py () — 7 pPy(s)=0,

(s+A+a) py(s) + 7Py (5)=0,

(s+8"+A"+7) Pou:(8)=F Py )~ Poy () =0,

(s+B+A+¥) Py (S)— & Poy (5)—a Py, (5)=0,

(s+2'+7) Py (s)—a Py (5)=0. (39-44)

and inverting, we get P; (t ),i =0U,0U" U, U",2U,2U" Then the system reliability is given by
2

R() =3Py 0+ 3Ry (1)

i=0

est (45)

8 (s, +a+y+A')Z,
:2( )

Where
Z. :(si2 +ad' +(y+ ') A+s, (a+;/+/1+/1’))(si2+y(5+ﬂ+/1)

+Ha+3+P+2)(5+ A+ p)+s (a+y+5+5+ A+ A+ B+ )
S115,,53:5,,55,54 are the roots of the following equation:

(~ay+(s+y+2)(s+a+1))Z

Mean time to system failure
The steady-state reliability of the system is given by

R(5)= 3Ry (5)+ 2Py (9

S+a+y+1")

- 46
(—a y+(S+y+A") (S +a+1)) (46)

The mean time to failure of the system is given by

MTTF =limR (s) = (a+y+X) 47)

(@ A +(y+A4") 4)

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 18-11-2024 - Accepted: 06-01-2025 - Published: 12-01-2025 79


https://doi.org/10.54361/ajmas.258112

Algalam Journal of Medical and Applied Sciences. 2025;8(1):73-84
https://doi.org/10.54361/ajmas.258112

Variance transition of time to failure of the system
The variance transition of time to failure of the system is given by

2 _a2+(7/+/1’)2 +2a(y+2)
(@n+(y+A)A)

02:—2IingR’(s)—(MTTF) (48)
OR (s)

oS
SYSTEM AVAILABILITY

The system availability is the probability that system operates within the tolerances at a given instant of
time and is obtained as follows: using the infinitesimal generator given in (32), we obtain the following
differential equations

Where R'(S) =

dZ% =—(S+A+a) Poy (1) +5 Py, (1) + B P ) + 7 Pou (t),

%: —(B+A+a) py ) +5pgy t) + ¥Py (L),

dg%:—(s +B+S+u+a) P t) +4 poy ) + 7P (t),

dz% = (A4@) Py ©) + 1P @) + B P @) + 7P )

dz%?(ﬂﬁa) Do @)+ A Py, () +6 Py @)+ Py €)+ 7 Popr ),

dz_t =~ (S48 + ' +7) Pou )+ B Py )+ B Py )+ Poy 1),

% == (B + 2 +7) Py )+ 8Py )+t Py (1)),

%:—(g#é#ﬂl’ﬂ/) Pio )+ A Doy )+ Py (1),

%z_ (A+7) Pa )+ ' Py )+ B Pop )+ pyy ()

%=—(ﬁ{+7> Pao )+ A Py €)+6 Puo )+ A Py )+ Py (t) (49-55)

and using the initial conditions at time t=0 , Py (0) =1 and all other initial condition probabilities are equal to

zero , solving for Lufiu] (s)and Lip[iv] (s) ; ,we get

AQ
Pou ()=,
LS (s—sr)
AQ’
Py ()=
Ins (s—sy)
QN
Py ()= ——,
1Ls (s—sr)
AQ"
Pour (8)= g~
Ins (s—sy)
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aAQ""
()=,
Ins (s—sy)
A e
Py (8) =10 ° : (56-61)
LS (s-sr)

Then we obtain

0%, 3
rl;llSr = _H -Si(si_sr)

aAQ" 10 aAQY st
Pou’ (1) =10 o A% J

a le 10 o _Q_m! st
Py (8= Y ax }e' :

iz 10
ITs IT si(s;—s
r=1 r r=Lr=i '( ' r)
QWH 10 _Q_I"H St
Poy- ()= i izl 10 A el . (62-67)
H S = IT s: (s —s
' r=Lr=i '( ' r)

Since OU ,OU U, Uyl

correspond to system up-states, the system availability is given by

AV (t) = Py (t) +Pyy (t)+Pyy (1) +Pgy  (t)+Pyy (1) +Py (1)

+AO(QO+QO+aQ”’ aQp+Q,” ) R Q+A(Q+Q+aQaQQ™ ) | s

el (68)
- 10
1;[1$r i=1 Si (sl sr)

I1

r=1r«i
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Steady-state availability
The steady-state availability of the system is given by

Qf + A Qo+ Qs + Q'+ O Q"
10
rl;Il(_sr)
=7+(a+7+l')ﬂ+((a+7/)(a+ﬂ)+aﬂ)ﬂ,
(oc+7)(a(/1'+ﬂ’)+(ﬂ+ﬂ)(y+,1'+ﬂr))

AV, (0)=1imsAV,(s) =

s—0

Where

10
Hl(—Sr ) are the roots of the equation (49-55) after taking Laplace transform
=

Q =(-arKl+(s+a+5+p+u)(-AB (-ar+(s +a+p+1)

(s+y+A"+p))+K1(s +y+5'+,6”+,u’)))

Q’:A(K 2+5’(K 3+a<7/2(5+ﬂ+,u)—5ﬂ'(5’+,B'+,u')+7/(5'(ﬂ+,u)
+(,B+/1+,u),B'+(ﬂ+y)y’+5(5’+ﬂ'+,u')))))

Q"=—y(-Kd4(ay-A'B)u'~(s+y+1")(-aK 6+ BK 7))

—ﬂ'(;/(—(s +a+p)K7+aK5)—A'(—(s +a+,b’)K6+ﬁK5))—(s +y+B) (s +a+B)K4
+(s+y+2")(~(s +a+B)K6+BK5))
Q"=(-*y(A+B)+A(B+2)B (y+ A +B)-K8—(s+a+5+ B+ u)

(ay—0B —(s+a+B+A)(s+y+A'+B))(s+y+5+p +u))

Q" =(~&'(s +a+,3+/1)(ay—}tﬂ’—(s +a+5+Bp)(s+y+8+pB+ )
+8(—A'(s+a+0+B+u) B +(s+y+8+ ) (—ay+(s+a+5+B+u)(s +y+5'+ﬂ’+y’))))
Q" =ay((s+a+A)K A4y —ak 7+ pk6)+ ' (~A(-ak 7+pk6)—(s +a+1)
(-s—a-B)K6+ak5))+(s+y+p)(a(s+a)(s+a+B+A)Ky'—a((-s —a—f)K 7+ BK5))
K1=((S +y+58+A)(s* +ad' +(y+ X)(B+A)+s(a+y+ A+ B+1))
+(s+y+A)(s+a+pB+1)p)

K2=8(s+y+A+p)(-A(s+a+5+L+u)f +(s+y+56'+2')

(—ay+(s+a+8+pB+u)(s +y+5’+,8’+,u’)))
K3=s*(ar-of)+a’y(8'+B'+u)-5(S+B+u) B (r+8+p +u')+
s(ay—8f')(a+y+6+6"+p+p +u+u)

kd=-ad'(s+a+5+p+u)(—ay+p +(s+a+pB+A)(s+y+A'+p'))

—aA(=5'(s+a+p+21) B +(s +y+5'+}t’)(—ay+(s +a+B+A)(s +7/+/1'+ﬂ')))
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kK5==0(-A'((s+a+B+A)(s+A+A'+ ) (~ay +AB)+

ay(ay—(5+2)B))+ (=8 (s+a+B+2) B +(s+7+5+1)
(—ay+(s+a+f+2)(s+y+A'+3)))(s +7/+5’+ﬂ’+,u'))+/1(5’(a7/(ai—(§+Z)ﬂ’)
+(s+a+S+f+u)(—ay+8')(s +7/+5'+,3'+,u’))—5(s +y+A'+ )

(A (s+a+5+B+u)f +(s+y+0"+A)(~ar+(s+a+5+ B+ u)(s +7/+6’+ﬂ’+//))))

K 6=-K 45'+A’(o¢5’(s +a+f+A)(—ay+ AP +(s+a+5+ B+p)(s+y+8+ B+ 1))
+aS(—A'(s+a+5+B+u) B +(s+y+5+2)(—ay+(s+a+5+B+u)(s +7/+5’+ﬂ’+y’))))

K7:y(—/1’((s +a+B+2)(s +;/+2’+,B’)(—a7+ﬂ,ﬂ')+ay(a7—(5+/1),b"))
+A(=0"(s+a+B+A) B +((s+y+5 +A)(~ay+(s +a+ B+ A)(s +7/+}L’+,B’)))
(s+y+5'+p +u'))

K8=s?(ay—AB")-s(a+y+A'+p+i+p ) ay-1B)-a(r* (B+A)

+yA (B+A)+y(5+B+2) B =28 (A +f))

K9=(-A'(s+a+5+B+u)(ay—0f —(s+a+p+A)(s+7+A'+p))+A(-0'(s+a+B+1) B

Hs 4y +d s 2)(-ap+(s +as frA)(s+y+ 4+ )

since Q; =Q, =s; =0,Q/ =Q° =s; =S.

Conclusion

We conclude that the steady-state availability first system and second system. The mean time to failure of
the system for two systems and the variance. Transition of time to failure of the two systems we obtained
on the second model not differs from the first model for all parameters.
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