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T ABSTRACT
ISSN:2348-0580
The main aim of the present paper is to analyze the stochastic behavior of a
IR & . . . G .
= :  non-identical two unit cold standby system with imperfect switch under

: Poisson shocks. For this purpose, one of the two units is active and other is
IOIIIIR kept as cold standby. The system can fail due to external factors such as
5 “ shocks. The shocks can infect the active unit. The repairman may exist in the

system or leave for a vacation. The time shocks arrive follow a Poisson
process while the distributions of all times are arbitrary. Various measures of
reliability of the system are obtained using the supplementary variable
technique. Finally special case is presented to illustrate the results.
Keywords: Poisson shock, Imperfect Switch, Reliability Indices.
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1. INTRODUCTION

Poisson shocks play an important role in reliability engineering. Most researchers studied
the effects of shocks on some different systems. [3] considered that the operating environment of
the component is random, the working component may be influenced by other causes, they extend
threshold on the component which is a random variable, and this assumption is more realistic. [5]
studied a two-unit repairable system with a variant vacation policy. By using the supplementary
variable technique and the vector Markov process theory. [7] derived the reliability indices of a cold
standby system with unreliable repair facility and one repairman who can take multi-vacation under
Poisson shocks. Some measures of repairable system with an unreliable repair facility and one
repairman who can take single vacation considered by [6]. [1] derived some important reliability
indexes of a warm standby repairable system consisting of two repairable components and a
repairman who may take multiple vacations by using the supplementary variable technique. [9]
considered the reliability analysis of a two-component cold standby system with a repairman who
may have vacation. By using the vector Markov process theory, the supplementary variable method,
Laplace transform, and Tauberian theory. Some measures of reliability are derived. The repair-
replacement problem for a repairable cold standby system that is composed of two similar
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components with preventive maintenance under Poisson shocks is discussed by [4]. The simple
repairable system with a warning device and a repairman who can have delayed-multiple vacations
is investigated by [8]. [2] studied of the stochastic analysis of a two-unit cold standby system
considering hardware failure, human error failure and preventive maintenance (PM). Various
measures of reliability of the system are obtained using the regenerative point technique and all

these measures are also derived based on timet .

This paper is more general than the paper of Wu and Wu [3]. Other meaning, we discuss
the imperfect switching system with two components. All results this paper are studied with perfect
switch as special case. The structure of this paper is organized as follows. The model description and
assumptions are presented in section 2. In section 3, we construct the state equations of the system
and obtain the Laplace transforms of the state probabilities of the system. Section 4 presents some
reliability measure of the system. Section 5 discusses some special cases to illustrate the effects of
parameters on the system performance. Conclusions are given in section 6.

2. Model and Assumptions
The following assumptions are associated with the system.

1. The system consists of two non-identical units and switch. Initially one unit is operating and the
other is in standby case (cold standby).

2. The switch between operating unit and standby unit is imperfect.

3. The system is subject to shocks. The arrivals of the shocks follow a Poisson process [N t),t> O]

with the intensity A >0 . The magnitude of each shock X , is an independent random variable
with distribution function F.

4. When a shock arrives, it only affects the operating unit. The operating unit will fail when the
magnitude of a shock exceeds a threshold. The threshold of unit i is a non-negative random
variable 7; with a distribution function @; (i =1, 2).

5. The switch is perfect with probabilityp = 1 — q.

6. When a unit fails with the presence of the repairman, it will be repaired immediately. The switch
has the priority to be repaired.

7. Service discipline is a first-come, first-served (FCFS). A single repair facility is available for repair
(switch and unit).

8. If a unit fails when the other is being repaired, the newly failed unit must wait for repair and the
system is down. If two units are waiting for repair when the repairman comes to the system, unit
1 has the priority to be repaired.

9. Once the failed unit is repaired, the repairman takes a vacation.

10. All random variables are independent. At the beginning, the two units are new, one unit starts to
work, the other unit is in cold standby state and the repairman be in vacation. The units and
switching device can be repaired as good as new.

Nomenclature

t
Y; i=12) : Unit i's repairtime, where H;(y;) = fot hi(y;))dy, =1- e Joridy:

X . Vacation time when the repairman is taking a vacation. Its distribution is
t
V(x) = fot v(x)dx =1 —e Joa®dx
A *  Switching device's repair time. Its distribution is A(z) =f0tA(Z) dz=1-

e~ hoy@dz
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* : Laplace transforms; f*(s) = Lg[f(x)] = fowf(x)e‘xs dx ;s > 0.
AV : The steady-state availability of the system.

R(t) : The reliability of the system.

MTTF : Mean time to the system failure.

T : The probability that one shock causes unit i to fail, (i = 1,2)

3. Model Analysis
With the model assumptions given in the preceding section, the failure probability of unit i (i =
1,2), given the shock value X, is ®; (X) = P(7 < X).Since the magnitude of a shock is a random
variable X , the conditional failure probability of unit i is a random ®; (%) with (i = 1,2),
respectively, and its probability distribution can be written by: P;(x) =P(®; (X) <x) =
P ()? <o (1) =F (o (x)),o <x<1,3=12).
From assumption, we can see that, the probability that one shock causes unit i to fail is:
nn =P(X>7)=[ P(r;<2|X=2)dP(X <) = & R)dF(®). (i =12).
Let S(t)be the system state at time t, then
State 0: at time t, unit 1 is working, unit 2 is on cold standby and the repairman is taking a vacation.
State 1: at time t, unit 2 is working, unit 1 is on cold standby and the repairman is taking a vacation.
State 2: at time t, unit 2 is working, unit 1 is waiting for repair and the repairman is taking a vacation.
State 3: at time t, unit 1 is working, unit 2 is waiting for repair and the repairman is taking a vacation.
State 4: at time t, the switching device is waiting for repair, unit 1 is also waiting for repair, unit 2 is
on cold standby and the repairman is taking a vacation.
State 5: at time t, the switching device is waiting for repair, unit 2 is also waiting for repair, unit 1 is
on cold standby and the repairman is taking a vacation.
State 6: at time t, unit 1 is working, unit 2 is on cold standby and the repairman is idle.
State 7: at time t, unit 2 is working, unit 1 is on cold standby and the repairman is idle.
State 8: at time t, the switching device is being repaired, unit 1 is waiting for repair and unit 2 is on
cold standby.
State 9: at time t, the switching device is being repaired, unit 2 is waiting for repair and unit 1 is on
cold standby.
State 10: at time t, unit 2 is working and unit 1 is being repaired.
State 11: at time t, unit 1 is working and unit 2 is being repaired.
State 12: at time t, the two units are waiting for repair and the repairman is taking a vacation.
State 13: at time t, unit 1 is being repaired and unit 2 is waiting for repair.
State 14: at time t, unit 2 is being repaired and unit 1 is waiting for repair.
The state space isQ =1{0,1,2,3,4,5,6,7,8,9,10,11,12,13,14} where the up state set is W =
{0,1,2,3,6,7,10,11} and the down state set F = {4,5,8,9,12,13,14}. As the repair, inspect and post
repair time have a general continuous distribution, {S(t),t = 0} is not a Markov process. So we
introduce supplementary variable,
< X(t) :if S(t) = 0,1,2,3,,4,5,12,then X(t) is the elapsed vacation time when the repairman is
taking a vacation at time t.
< Yy (t): if S(t) = 10,13, then Y, (t) is the elapsed repair time of unit 1 being repaired at time
t.
Y, (t): if S(t) = 11,14, then Y, (t) is the elapsed repair time of unit 2 being repaired at time
t
< Z(t) :if S(t) = 8,9, then Z(t) is the elapsed repair time of the switching device being
repaired at time t.
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Then { (S(t),X(t),Y1 (v), Y, (1), Z(t)),t = 0} is a generalized Markov process. Denote:
Qi(t,x) =P(S(t) =i, X(t) <x), (i=0,1,2,3,4,5,12).

Qt,y) =PE®) =) <y1), (i=1013).

Qi(t,y2) =P(S(t) =i, Y,(0) <y), (i=1114).

Qi(t,z) =P(S(t) =1i,Z(t) < 2z), (i =8,9).

where P(B)is probability of event B. consider:

P,(t,w) = %Qi t,w) (i ={0,1,2,3,4,5489,10,11,12,13,14}).

Using the probability arguments and limiting transitions, we have the following integro-differential

equations:

(;—t+;—x+a(x) +r1/1)P0(t,x) =0, (1)
(;—t+%+a(x) +r2/1) P;i(t,x) =0, (2)
(;—t + % + a(x) + rzl) P,(t,x) = p(ry )Py (¢, x), (3)
(;—t + % +a(x) + r1/1) P5(t,x) = p(r, )Py (t, %), (4)
(;—t + % + a(x)) P, (t,x) = q(r, )Py (t, x), (5)
(;—t + % + a(x)) Ps(t,x) = q(r, )Py (¢, x), (6)
(;—t + rl/'l) P(t) = foma(x)PO( t, x)dx, (7)
(5 +722) P(©) = [} a@)Pi(t,x)dx, (8)
(;—t + % + y(z)) Pg(t,z) =0, (9)
G+ +v@)P(t2) =0, (10
(;—t+5%+ﬂ1(y1) +Tzl) Pyy(t,y1) =0, (11)
(:—t'i'a%‘i'llz(}h) +7"1A) Py1(t,y2) =0, (12)
(;_t + % + a(x)) Py3(t,x) = 1AP,(t, x) + 11 AP3(t, X)), (13)
<:—t+3%+ﬂ10’1)> Py3(t,y1) = AP (8, 71), (14)
and

<%+%+H2(Y2)>P14(t:}’2) = 11AP11 (L, y2). (15)
Their boundary conditions are:-

P,(t,0) = P;(t,0) = Py(t,0) = Ps(t,0) = P;5(t,0) = P4(t,0) = 0, (16)
Po(t,0) = J; u2(y2)P11(t,y2)dyz +8(), (17)
Pi(t,0) = [, u1 (1)Pio (£, y1)dys, (18)
Ps(t,0) = fowa(x)P4(t, x)dx + q(ri )Py (), (19)
Py(t,0) = foooa(x)P5(t, x)dx + q(r,A) P, (), (20)

Pio(t,0) = p(riA)Ps () + f,” a(x)Py(t,x)dx + [ y(2)Pg(t, 2)dz + [ 42 (2)Pra(t, ¥2)dy7 ,(21)

Pi1(t,0) = p(ra)P;(£) + [, a(x)Ps(t,x)dx + [T y(2)Po(t,2)dz + [ty (1) P13 (£, y1)dy1 ,(22)
and,
P13(t,0) = foxa(x)Pu(t; x)dx. (23)
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The initial conditions are

1, x=0
Pl (O, X) - 6(3(,') - {0’ x+0’ (24)
Otherwise is zero
According to the formula of the total probability, we have:
Yoo fy Pi(t,x)dx + Pg(t) + P;(t) + Xidg [, Py(t,x)dx = 1. (25)
4.Model analysis:-
4.1. steady-state availability:
Let the following steady-probability:
P, =lim,,.P;(t) ,i=1{01,2,..,14},
gi(w) =lim,_.. P;(t,w) ,i=1{0,1,2,3,45,89,10,11,12,13,14}.
This follows the following relations:
P = [T giwdu (i = {0,1,2,3,4,589,10,11,12,13,14}).
By taking the limit of Eq.(1-25) as t — o=, The following equations can be obtained:
(% +a(x)+ rl/'l) go(x) =0, (26)
(% +a(x)+ rz/'l) g1(x) =0, (27)
d
(5 + a(@) +122) 9:(0) = p(r1 D go (), (28)
d
(5 + a@) +112) g:(0) = p(r2 D g1 (), (29)
d
(£ + a() 9400 = q(rnD)go (), (30)
d
(£ + a(®) g5(0) = q(r)g1 (), (31)
naPs = [) a(x)go(x) dx, (32)
APy = [ a(x)g: (x) dx, (33)
d
(Z+7@) g2 =0, (34)
d
(£ +v@) 992 =0, (35)
d
(d— +u(y1) + 7’21) JroOn) =0, (36)
V1
d
(d— +u(y2) + 7’11) g11(72) =0, (37)
Y2
d
P a(x)) 912(x) = 1 Agy(x) + (1) g3 (x), (38)
d
<E+Il1 (3’1)) 9131) = 12 Ag10 ), (39)
and
d
<E + 2 (YZ)> 914(¥2) = 114911 (¥2). (40)
Their boundary conditions are:-
92(0) = g3(0) = g4(0) = g5(0) = g12(0) = g14(0) = 0, (41)
90(0) = [, 12(¥2)911 (v2) dyo, (42)
91(0) = fow 11 (r1)9101) dyy, (43)
98(0) = [~ a(x)ga(x) dx + q(ry )P, (44)
99(0) = [ a(x)gs(x) dx + q(r )Py, (45)
910(0) = p(riDPs + [ a()g2 () dx + [ ¥(D)gs(2) dz + [ 12 () 14 (¥2)dY2 (46)
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911(0) = p( )Py + [ a(x) g3 (x) dx + [, y(2)ge(2)dz + [, u1(y1)g13(y1)dy1, (47)
and
913(0) = fom a(x)gi2(x) dx. (48)

Hence the solutions g;(u) ,i=0,1,2,3,4,5,89,10,11,12,13,14 ,P; and P; can be obtained. Formula
P, = fomgi(u)du ,1=0,1,2,3,4,5,8,9,10,11,12,13,14 ,the following steady-state probabilities can

be calculated as follows:

Py = coV*[ri 1], (49)
Pl =Cy (1 V*[Arz] hl*[l'r'z] , (50)
P, =cocy pry, (51)
P3 =CyC1C Py hl*[ﬂ.rz] , (52)
A-p)(A-a V*[r
P4_ — C() 14 ( aa [ rl]) , (53)
P5 — CO C1 (1_p)(1_ali*[ATZ])hl*[ATZ] , (54)
_ v*[Ar]
P6 =Cp Ay ’ (55)
P, =c, ¢ v*[Ary]hy WZ], (56)
)L‘r'z
1
Pg =cy (1—29);, (57)
Py = o D) 58)
_¢o (ry =12 +p (r; (A—v* [Ar =11 (1=v° [Ar,))h2 [Ar DH; [Ar2]
Pro = (r1—T3)h2 " [Ar1] ' (59)
_ <o Hy [Ary]
Py = Thy A (60)
Py = coc3 p(1+c1 hy'[Ar3]), (61)
_ S * 1 _nn” (rz—r1)(1+cq hy"[Ar2])
Pa =i <C4(p +pey D) = (L= D) (G et
(p(r1(1—v*[lrz])—rz(l—v*[/'lrl]))ﬂl(rl—rz)(hl)*[lrz])(hz)*[lrl]) (62)
(r1=r2)(h1*[Ar2](1=hy " [Ary D +hy [Ar1]) !
co (=—Hy [Ar1])
=t 63
14 ] (63)
The steady-state availability of the system can be written as :
AV=P0+P1+P2+P3+P6+P7+P10+P11
After some simplifications, we get
Av = ¢y(pcyry + % + V*[/lrl] + pcycaryhy [Any] + M + cll_/*[/lrz]hl*[/lrz] +
1 2
(r1 =13 +p (ry(1—v" [Ary D) —ry (1=v" [Ara])hy " [Ar DH; [Ars] Hz*[zrl]) (64)
(r1—r2)hy"[Ar] hy*[Ar1]”’
where,
_ (v [Ar)—r (1-v"[Ar])) 1
e = — t Oy
c, = (V*[rpA]=V*[r14])
r1—r !
Ca = (A=a(V)* [ArD)ri—(1—a (V) [Ar1Dry)
3= ,
a(ri—r2)
ch = (A=) [AraDri—(A—)"[Ar1])r2)
4 — ’
r—-nr
and,
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Co_l =

Z+qclh1 [A12] +6117 [Ar2]h " [A12] +pC3(1 + Clhl*[/‘{rz]) +
14 14 Ary
pai czrlz+av*[lr1]+lr1(q+pal7*[lr1]+c1(q+pa (czr2+l7*[lr2]))h1*[ﬂr2])
aliry
(r1=rp+p (rp (1=v" [Ary ) =ry (L—v" [Ar]) ko "[Ar DH, [Ar] + ca(p+pcr(h)*[Arz])
(r1=r2)hy"[Ar] U1

_|_

_l_

((ry=r)) (A +e by Ara D)+ (r A=v* [Ara ) =rp A=v* [Ary D)) +c1 (ry =)k Ay Dhy " Ar A —pq Hy [Ary]) | Hy [Ar]

11 (r1=r2)(hy"[Arp](=1+h2 " [Ar{])=hy"[Ar1]) hy"[Ar]

1—ppHy [Ari]
p2hy"[Ar1]

4.2. The steady-state probability of the repairman vacation:
Since the steady-state probability of the repairman vacation is

V=Py+ P +Py+P3+ P, + Ps + Py,.
then
V= 2(q + pacs + pacyry + paV*[Ar] + c1(q + palcs + cary + V[Ar])) (h)*[Ar2]) -
4.3. The steady-state probability when the system is waiting:
The steady-state probability when the system is waiting can be written as

W =P, + P+ Py,

then
W =2 (pacs(1 + ¢y () [Ar2]) + q(1 = aV*[Ary] + ¢y (1 — aV ™ [Ar2]) (h) " [Ar2])) -
4.4. The steady-state failure frequency of the system:
The steady-state failure frequency of the system is

Fp = Ary P + Ar P3 + Ay Pyg + Ar Py
then
Fr = Aco(pearira(1 + ¢rhy "[Ary]) + m (n—rn+pr(A—-v[An])-—n1-

v A ) hy A DH; [Ary] + 1 (ry — 1) H; [Ar1]))
4.5. The total profit of system:
The total profit of system is given by
I = kyAV—kyF — k3V

(65)

(66)

(67)

where, k4 , kyand kzrepresent the dividend of the system for working unit per unit time, the loss of

the system for failed unit per unit time, and the dividend of the system for repairman vacation per

unit time, respectively.
4.6. Reliability of the system :

Using the method similar to that in Sec. (4.1), we have the following partial-differential equations:

(3 + 2=+ a() +7114) Lo(t,x) = 0, (63)
(&4 2+ a() +12) Li(6,x) = 0, (69)
(;—t + ai +a(x) + 7'2/1) Ly(t,x) = p(ri )Ly (¢, %), (70)
(;_t + % ta)+ rl’l) L3(t,x) = p(r2 )L, (¢, %), (71)
(& +712) Lo(®) = [} a@)Lo(t,x)dx, 72
(G +722) 120 = T a1 (6.2, 73
(;74‘6%4‘#1(}’1) +7’2/1) Lyo(t,y1) =0, (74)
and
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(3 + 72+ 12 02) +712) L (6,72) = 0. (75)
Their boundary conditions are:-

L,(t,0) = L3(t,0) =0, (76)
Lo(t,0) = f;” o (v2)La1 (£, y2)dyz + 8(D) , (77)
Li(£,0) = [ i )Lio(ty1)dys, (78)
Lyg(t,0) = p(n)Le () + f;~ a(¥)L2 (¢, x)dx, (79)
and

L11(t,0) = p(r D)Ly (8) + [, a(x)L3(t, x)dx. (80)
The initial conditions are

Lon=em={ ¥, (81)

)

Otherwise is 0
Making use of Laplace transform with respect to t to Equ(68-81), gives

(% +s+alx)+ rl/'l) Ly*(s,x) =0, (82)
(% +s+a(x)+ rz/'l) Li"(s,x) =0, (83)
d * *
(E +s+alx)+ rzl) Ly"(s,x) = p(riA)Ly (s, x), (84)
d * *
(E +s+alx)+ rl/'l) L3*(s,x) = p(r, )L (s, x), (85)
(s +11ALe"(s) = [ a(@)Lo"(5,2)dx, (86)
(s + 12 D)L7"(s) = [ a()Ly" (s, %) dx, (87)
d *
(E +s+u () + Tzl) Lio"(s,y1) =0, (88)
and
d *
(E +s+u(y2) + 7”11) Li117(s,y2) = 0. (89)
Their boundary conditions are:-
LZ*(S,O) =L3*(5,0) =0, (90)
Lo"(s,0) = [ 2 (r2)L11 " (5,52) dyz + 1, (91)
Li*(5,0) = [; (1) L1o" (s, y1) dyn, (92)
Lio*(5,0) = p(ri)Le"(s) + [, a(x)Ly" (s, x)dx , (93)
and
L11*(5,0) = p(r )Ly " () + f; a(@)L3"(s,x)dx . (94)
By solution the above equation, we find:
Lo*(s,x) = Cse™CHmIY[x], (95)
Ll*(S, X) = C6e_x(s+/1r2)l}[x]l (96)
—x(s+Ar2) _ »—x(s+Ar1)\y
Ly"(s,x) =csmy p (e - Vi) , (97)
r1—"r2
—x(5+A12) _ p—x(s+Ar1)\y
L3*(s,x) = cemy D e ce W (98)
r1—"T2
* _ v*[s+Ar{]
Ls"(s) = cg Er T (99)
* _ v [s+Ar]
L") =ce— 7.7 (100)
- —x(s+Ar) * _ *
L10*(5, x) = peer, Hy [x] @ XSHAT2) ((s+Ar ) v* [s+Ar3]—(s+Ar)v*[s+A71]) ' (101)

(s+Ar)(r1—12)
and
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e x(s+ir1) ((sHAr )V  [s+Ary = (sH+Ar)v*[s+Ar1])
(r1—r2)(s+Ar2) )

L11"(s,x) = pegryHy[x] (102)

Where,
nr(P(s + ) v*[s + Ar ] — p(s + Ar)v*[s + Ary])?hy *[s + Ary]hy"[s + Ary]
(s + Ar) (1 — 1)2%(s + Ary)
_ pesri((s + Ar)v'[s + Ar] — (s + An)v*[s + Ary]) (hy)"[s + Ar, ]
(s+Ar)(r —12)

cst=1

Ce
The reliability of the system is
R(t) =Tio [y Lt 0dx + Le(0) + Ly (D + X210 [; Li(6 0)dx (103)
The laplace transformation of R(t)

11

Z fo L;"(s,x)dx

j=10

3 [=5)
R*(s) = ZJ;) Li*(s,x)dx + Lg"(s) + L;"(s) +
i=0

csv*[s+Ar1] | cev*[s+Ary] pesr (V¥ [s+Ar 4V [s+A13]) n

R*(s) = e i, +csV*[s + Ar ] + cgV*[s + Ary] + —
peery (V¥ [s+Ar [4+V ¥ [s4Ar2]) | pesri((s+Ar)v* [s+Ar = (s+Ar) v [s+Ary ) (Hy) [s+A12]
+ +
r1—Ty (=r1+12)(s+A13)
pesry (—(sHAr)v* [s+Ary |+ (s+Ar) v [s+Ara]) (Hy)*[s+Ar1 ] (104)
(s+Ar)(r1—12)
The mean time of first failure of the system (MTTFF) is:
MTTF = [ R(t)dt = lims_q R*(s).
Hence,
* * * * -1
PZ(TZV [Ary] — v [/17”2])2011) [Ary](hy)*[Ary]
MTTF =1 — 5
(rp—m)
(V*[Aﬁ] + 17*[/11"1] 4 Pn (=V*[Ar]+V*[Ar]) + pv*[Arp](=rav*[Ar{ ]+ v [Ar]) (h1)*[Ars] n
Arq r1—T2 A(r—=r2)12
pira (rpv* [Ary]—rv* [Ar, ) (V* [Ary )=V *[Ar2 ) (h1) *[Ar2] + p(=rav* [Ary 4 v [Ar DV [Arp] (hq)*[Ar2] n
(r1—72)? =12
pry (=1 [Ary 47T v* [Ar2]) (H1)*[Ar2] n P(—7”217*[“1]**117*[17”2])(1:12)*[“1]) (105)
(r1—r2)12 T —Ty
5. Special Case

The following special cases are obtained as special case from our results:
e Casel:if P =1,q = 0, then the results of [3] can be obtained.
e Case2:ifry =1, =0, then the working unit will never fail.
e Case3:if ;y=r,=1, P(X=0)=1and q # 0, then each shock will cause the working
unit to fail , the switch is imperfect and the repairman will repair once the failed occur.
6. Numerical Example and Study of System Behavior Through Graphs:
Leta(x) = a, y(2) =v, (i) = w and k;(t;) = k; ; where(i = 1,2).
We plot the steady- state availability and mean time to system failure for the system model. One can
note that:
e In Fig(1), the steady- state availability is increasing if the vacation rate « is increasing and A
is decreasing .
e In Fig(2), the steady- state availability is increasing if the repair rate of unitland 2 are
increasing.
e In Fig(3), the mean time to system failure is increasing if the vacation rate «a is increasing
and A is decreasing .
e In Fig(4), the mean time to system failure is increasing if the repair rate of unitland 2are
increasing.
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Figure (1): S.S.Availabilty vs( a, 1)
where(y; = 0.8,u, = 1.0,11 = 0.2,r, = 0.25,y = 0.7,and q = 0.5).

Figure (2): S.S.Availabilty vs(uy , )
where(x = 03,4 =0.2,11 = 0.2,r, = 0.25,y = 0.7,and g = 0.5).

0.4

MTTF

Figure (3): MTTFF vs(uy , U2)
where(u; = 0.8,u, =1.0,11 = 0.2,r, = 0.25,y = 0.7,and g = 0.5).
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44

42 MTTF

40

0.2
Figure (4): MTTFF vs(uq , U3)
where(a = 03,4 =0.2,11 = 0.2,r, = 0.25,y = 0.7,and q = 0.5).

Conclusions

In this paper, the some reliability measures of a system consisting of two unit cold standby

system with imperfect switch and single repairman are derived. The repairman can take vacation

and the operating unit might be attacked by shocks. The supplementary variable method and theory

of differential equation play an important role in system analysis. The relationship between the

reliability measures and system parameters are showed. The numerical study shows the relationship

between the reliability measures and relevant parameters. The results of [3] can be obtained as a

special case of our result.

References

[1].

[2].

[3].

[4].

[5].
[6].

[7].

[8].

[9].

Lechun Liu, and Yutian Chen, "Reliability Analysis of a Warm Standby Repairable System with
Repairman Vacation under Poisson Shocks", ", Journal of computational information system
11:10 (2015), 3821-3832.

M. A. W. Mahmoud and M. E. Moshref, “On a two-unit cold standby system considering
hardware, human error failures and preventive maintenance,” Mathematical and Computer
Modelling, 51(5-6) (2010) 736-745.

Q. Wu, S. Wu, "Reliability analysis of two-unit cold standby repairable systems under Poisson
shocks", Applied Mathematics and computation 218 (2011) 171- 182.

Qingtai Wu and Jin Zhang, "A Bivariate Replacement Policy for a Cold Standby System under
Poisson Shocks", American Journal of Mathematical and Management Sciences, 32:3 (2013),
145-177.

Renbin Liu, Zaiming Lin, and Liyun Su, "A two- unit repairable system with a variant vacation
policy", Journal of computational information system 7:11 (2011), 3908-3915.

Renbin Liu, Zaiming Lin, and Yong Wu, "Analysis of a repairable system with an unreliable
repair facility and a single vacation", Journal of computational information system 8:10
(2011), 1949-1957.

Shenggiang Chen, Xianyun Meng, and Yutian Chen, "Analysis of a cold standby system with
an unreliable repair facility and vacation under Poisson shocks", Journal of computational
information system 11:4 (2014), 1217-1224.

Yangli Ren, Lina Guo, and Lingling Zhang, "Stability Analysis of a Repairable System with
Warning Device and Repairman Vacation", Journal of Function Spaces and Applications
(2013), Article ID 674191, 19 pages.

Yutian Chen, Xianyun Meng, and Shenggiang Chen, "Reliability Analysis of a Cold Standby
System with Imperfect Repair and under Poisson Shocks", Mathematical Problems in
Engineering (2014), Article ID 507846, 11 pages.

Vol.4.Issue.1.2016(Jan-March) 190


http://www.tandfonline.com/author/Zhang%2C+J

