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ABSTRACT

This study examines the dependability of a cold standby system made up of two similar units. One of
the two units is always in use, and the other unit is on cold standby. The repairman could be present or not
at the job site. The system operates in both regular and abnormal weather situations. The current systems
that are in place have been impacted by recent global climatic shifts. In this study, we examine how these
climate fluctuations around the world affect the two-unit standby system. Furthermore, the impact of the
repairman’s absence is also investigated due to the lack of a skilled crew. When the weather is normal,
the device works; when the weather is abnormal, the system shuts down and the device stops working.
The mean time of system failure, steady-state availability, busy periods with maintenance, and cost-
benefit analysis were evaluated, among other significant dependability metrics. All of the previously
mentioned analyses were done by using regenerative point technique.
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1. INTRODUCTION

Redundancy is known to be used in enhancing the performance and reliability of repairable systems.
Therefore, stochastic models of cold standby repairable systems with identical units have repeatedly been
studied by researchers. [1, 2, 3, 4Jused the idea of two weather conditions (hormal and abnormal) in a
single-unit system. [5]discussed reliability and economic analysis of a system operating under different
weather conditions. [6]discussed the reliability analysis of two-dissimilar-unit warm standby system
under different weather conditions. [7]studied the reliability analysis of a cold standby device with failure
of repair equipment and repairman’s appearance and disappearance with correlated life time. [8]discussed
the repair two phases of two-unitscold standby system. [9]dealt with a two-unitscold standbyssystem
considering hardwaresand human error failure with preventive maintenance (PM) and
arbitrarysdistribution. In[10]They assumed that shocks can attack the operating unit to a coldsstandby
system consisting of two units, the arrivalstimes of the shocks follow a homogeneoussPoisson process,
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and the repairstime follows a general distribution.[11]discussed a reliability analysis model for a PMS
with a cold-standby system based on the GO-FLOW methodology and UGF. [12]discussed thesimpact of
abnormalsweather conditionsson various reliability measures of a repairable system with inspection.
[13]analyzed stochastically a cold standby system with conditionalsfailure of server.

[14]studied the cost-benefit efficient in a two-dissimilar unit with warm unitsstandbyicase subject to
arbitrarysrepair and replacement.[15]discussed the standby redundancy system with Priority under
Limited Information.

This paper aims to study the effect of the presence or absence of the repair man on cold standby
system affected by the weather conditions.

2. Assumptions

» The system consists of two similar units, one unit is intially operating and the other unit is in standby
state (cold standby).

« If the weather is insnormal case, the unit operates, and if the weather is in abnormal case, the system
stops, and the operate unit fails.

» The repair man may be present or absent.
» The connected switch is perfect.

+ All times are independent and exponentially distributed.

3. Notation
E: Set of regenerative states.
qi;(£), Qi (t) PDFsandsCDF ofstime for the systemstransits fromsregenerative state V; to V.
P;; Transition probability from V; to V;.
A The parameter of failure rate.
u The parameter of repair rate.
B, The parameter of abnormal weather rate/The parameter of normal weather rate.
U The parameter of waiting repair rate.
MTSF Meanstime to system failure.
6,(1-96) Probabilitysthat the repairsman is present/ probabilitysthat the repairsman is absent.
nij The meanssojourn timesin state V;, whenssystem transitssdirect to V.
M;(t) Probability that thessystem stay in V;.
M; Laplacestransform of M;(t).
Q;(t) Cdf of timesto systemsfailure starting from state V;.
R(t) Cdf ofsrepair time.
AV, (t) p { The systemsis upsat time t starting at state V;}.
C(t) The net revenue of the system in (o, t]
G(t) Probability that the unit is in repair.
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® Convolution.

* Laplace transforms.

3.1 Symbols for the states of the system
* s: Unit in standby mode.

* 0: Unit is operate insnormal mode.

* 04 Unit is operate in abnormal mode.

*  wy: Normal weather.

*  wy: Abnormal weather.

* 7r: Unitin repair.

* wr: Waiting repair.
The system can be in anysone of the following states.
Vo = (0,5, wg) vV, = (0, T, Wg) V, = (0,wr, wg),
Vs =(0q,1,wgq)  Va=(0g,wr,wg) V5= (wr,m,wy),
Ve = (wr,r,wg) Vo= (wrwrwy) Vg = (wr,wr,wy),
Vo = (04,5, Wg).

Up states:V,, V; and V,, Down states:Vs, V,, Vs, Vi, Vo, Vg and V.

All states are regenerative state.

3.2 Transition probabilities and mean sojourn time

It can be observed that the epoch of entry into any of the states T; € E are regenerative point. Let
To(= 0),Ty,T,,..... denote the epochs at which the system enters any state 7; € E let X,, denote the state
visited at epoch T,+, i.e. just after transition at T,,. {X,,T,} is a Markov renewel process with state
space E and Q;;(t) = P[Xp41 = J, Thy1 — Tn = t]X,, = 1], is the semi Markov kernel over E.

The transition probability matrix of embedded Markov-chain is P = P;; = Q;;(e0) = Q (), with non-
zero elements.

By probabilistic arguments, the non-zero elements P;; are, P;; = Q;;() = [ q;;(t)dt as

p _ 0A , _(-en 6B _(1-9)p
01 — ) 0z — B"‘A, 03_ﬁ+){, 04 — ﬂ‘l‘l’

P01+P02+P03+P04=1,

po—_H* p A, B
Wopta+p BT+ T A+

P10+P15+P16=1,

B

T e T g T Ev A
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P21+P27+P28=1,

a u
B Ta4+uw T a4y
P31+ P39 =1,

a p u
2T+ u VT a+d
Pyy + Py3 =1,
© B
Ps, = , Pgg =———,
51551 56 = 5 1
Psq + P5g = 1,

a _#

65 — + , 63_a+'u'
Pgs + Pg3 = 1,

B u

P7g = B+u’ 75 p+u’
P;g+P;5 =1,

o u
8 T a+u % T a4
Pg; + Pge = 1,

Py =1

3.3 Mean sojourn times

The unconditional mean time taken by the system to transit for any regenerative state j, when it is
counted from the epoch of entrance in to the state i, is mathematically stated as:

nij =f0 tdQ;; (t).

62 _(1-0)2
No1 = (B +/1)2l No2 = (B +/,1)2,
__ % _(a-0)p
R LT
____Hk ___ 2
U Y e U Y EnE
___# ¢
n16_(ﬁ+l+#)2, 7721—(ﬂ+/1+u)2.
_ “ _ B
= G AT "= G AT
__ ¢ ___H
M31 = (@ + )2 M39 = @+
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a u
Naz2 = m. N4z = m
u
1= B w? 56 = B+ w?
a u
" " @
__ P __u
N7g = (ﬁ"'—u)z' N7s = (B-l-—u)z'
a u
Ng7 = m, Mge = m-

Meanssojourn timesin state V; which is given by M; = ¥; n;;.

Mozﬂ—-lhl' Ml:ﬁ+}1+u'
M2=ﬁ+/11+u’ M3:aiu’
4=aiu' MS:ﬁ—iy'
M6=aiu' M7=ﬁj—u'
Mezaj—u' M9=§.

3.4 Mean time to system failure MTSF

Making use of arguments of the theory of regenerative procsses, we obtain the following relation
for Qy(t)

Qo) = e™ B + o1 (D04 (1) + qo2(D)Q2 (1), 1)
Q1 (t) = e B0 4 g, Q (1), (2)
Q, (1) = e B0 4 g0 (DQ4 (). 3)

Taking of Laplacestransform (LT) for equations 1, 2 and 3 and solving for ﬁz(s) considering S = 0,
We have the mean time to systemsfailure MTSF as follows

MTSF =Y, (4)
Dg
where
Dy =1 = P1g(Poy + Po2P21),
and

Ny = My + M1 (Po1 + Po2Pa1) + My (Po2).
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4. Availability analysis
From thesarguments used in the theory of regenrative processes, the pointswise availabilities AV;(t)
where i = 0,1,2,6,7.we obtain the followingsrecursive relations.

AV () = Mo(t) + (qo3(t) ® q39(t) ® qoo(t) + qoa(t) ® qaz(t) ® q39(t) ® qoo(t)) ® AVy(E)
+(q01(t) + qo3(t) ® q31(t) + qoa(t) ® qa3(t) ® q31()) ® AV; (D)
+(qo2(t) + qoa(t) ® qa2(t)) ® AV,(1), (5)

AVy = M1 (1) + q10(0) ® AV (t) + q15(1) ® g51(8) ® AV (D)
+(q15() ® gs6(t) + q16(1)) ® AV (D), (6)

AV, = My () + q21(8) ® AVL(8) + q25(8) ® qge(t) ® AVe(t)
+(q27(t) + g25(t) ® qg7 (1)) ® AV, (1), (7)

AV (1) = ge3(t) ® q39(t) ® qoo(t) ® AV(t) + (ges(t) ® g541(t)
+q63(t) ® q31(t)) ® AV1(t) + (qes(t) ® qs6(t)) ® AV (D), (8)

AV7(t) = q75(t) ® gqs1(t) ® AV1(t) + (q75(t) ® qge(t)
+q75(t) ® qs6(t)) ® AVs(t) + (q75(t) ® qg7 (1)) ® AV;(0). 9)
where

My () = e=B+DE M () = e~BHHWE M (1) = = (BFAFWE

Taking LT for equation 5, 6, 7, 8 and 9, and solve for AV (s), then we get the steady state availability
of the system AV in the form,

AVy = lim AV, (&) = limsAV; (s) = g—i (10)

Ly = Py3P39Pgg + Py4PyzP39Po0,
L, = Py1 + Po3P3q1 + PosPazPsy,

L3 = Py + Po4 Py,

Ly = Py5Ps6 + P,

Ls = P37 + PygPg7,

L = Ps3P39Po,
L7 = PgsPsq + Pg3 P34,

Lg = PygPge + P75Psg,
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L'y = mo3P39Psg + N39Po3Poo + N90Po3P39 + NoaPazP39Poo,
+143P0aP39Pog + N39Po4Ps3Pog + Moo PoaPs3 P30,

L'y = o1 + Mo3Ps1 + 131 Po3 + MoaPazPs1 + NazPoaPs1 + N31PoaPas,
L'3 = oz + NoaPaz + NazPos
L'y = 115Ps6 + Ns6P1s + 16
L's = 1037 + N28Ps7 + Ng7Pas,
L' = ne3P39Poo + NM39Ps3Poo + Moo Pe3Pso,
L'; = ngsPs1 + Ms1Pes + Me3Ps1 + M31Pe3,

L' = 17gPg¢ + NgePrg + N75Ps6 + Ns56P7s.

Dy = ay1by — ayb, + azbs — ayb, + asbs,
N, = Moby — M,b, + M,bs.
ap=(L'1+L,+1L5),
az = (Mo +MsPs1 + Ms51P1s + L'y),
as = (21 + n2gPg6 + NgePas + L's),
as = (L's + L7 + N65Ps6 + Ns6Pos),

as = (N75Psq1 + Ns1P75 — L'g + 17gPg7 + 1g7Pyg).

1—PisPs; 0 —L, 0
by = —Py 1 —(PsPss) —Ls
—L; 0 1—(PesPse) O '
—(P7sPs1) 0 —Lg 1— (P7gPg7)
-L, —L; O 0
b, = —Py 1 —(P2gPge) —Ls
—L, 0 1— (PesPse) O ’
—(P75Ps1) 0 —Lg 1 — (PygPg7)
L, L, 0 0
b [t PP 0 L, 0
o 0 1— (PesPse) O ’
—(P75P51) O —Lg 1 — (PygPg7)
1, Ly 0 0
y o [1=PsPs 0 L 0
* T =Py 1 —(P2gPgs) —Ls '
—(P75P51) O —Lg 1 — (PygPg7)
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—L, —L; O 0 |
1—-PisP5; O —L, 0

bs = | =Py 1 —(P2gPge) —Ls|.
—L; 0 1— (PssPse) 0

5. Busy period analysis

The expectedsbusy periodsof server man for repair during (0,t] by probabilistic arguments, we obtain

Go () = (qo3() + qoa(t) ® qa3(1)) ® R(E) + (qo3(t) ® q39(t) ® qoo()
+q04(t) ® qa3(t) ® q39(t) @ qoo(t)) ® Go(t) + (o1(8) + qo3(t) ® q31(t)
+q04(t) ® qa3(t) ® q31(£))G1 () + (qo2(8) + Goa(t) ® a2 (D)) ® G2 (8),

G (1) = (1 + q15(t)) @ R(t) + q10(t) @ Go(t)
+(q15(t) ® q51(8)) ® G1(8) + (q15() ® g56(t) + q16()) ® Ge(2),

G2() = q21 (1) ® G1(1) + (g28(t) ® qge(t)) ® Ge(t) + (q27(1) + q25(t) ® gg7 (1)) ® G7 (D),

Ge(£) = (1 + q5(t) + g63(t)) ® R(D) + (g63(t) ® q39(t) ® qoo()) ® Go(t)
+(ges ® g51() + qo3(t) ® q31 (1)) ® G1(t) + (ge5() ® gs6(8)) @ G (1),

G7(t) = q75(t) @ R(E) + q75(6) ® q51(t) ® G1(t) + (q78(t) ® qge(0)
+q75(t) ® qs6(t)) ® G(t) + (q75(t) ® qg7(t))G7 ().

(11)

(12)

(13)

(14)

(15)

Using LT to solve equations 11, 12, 13, 14 and 15 for Gy(s), We have the expectedsbusy periodswith

repair in steadysstate as follows

. N
Go = tlggGo(t) = D_j'
where
Ny = R (0){(Pys + PosPyz)by — (1 + Py5)by — (1 + Pgs + Pg3)by + Py5bs,
and
— 1
R(@©=1

6. Cost benefit analysis

(16)

17)

This section, we calculate the expectedsprofit to the systemsin the period (0,t] by calculate the

deference between total revenue and total cost of repair
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C(t) =K; Wyp (1) — Kz w,(2),

Where, K; is the revenue at the time the system works and K is cost persunit of repair time.

using 18, 19 and 20 we obtain

wup(t) = [ AVo(D)at,

w(t) = [y Go(t)dt,

C*(5) = Ky i (s) = Ko7 (s).

Therefore the expected revenue persunit time in steadysstate is given by

¢ = lim &&

t->oo

7. Numerical Example

= lims2C*(s) =
s—0

KiN1—K;N,

(18)

(19)

(20)

(21)

By setting K; = 100, K, = 2, figures display the variation of MTSF, Availability, Busy period and
Cost benefit, for different values of 8, a, 8, u,u and A.

Figure 1: MTSF with 6 =0.99, 0 =0.2, n=0.1,u=0.01, A=0.1 to 0.5 and $ = 0.1 to 0.5

Table 1: MTSF with 8 = 0.99, u =0.1,u=0.01

B
A a 0.01 0.05 0.1 0.15
0.001 0.01 99.9066 19.9973 9.9995 6.66649
0.10 99.9066 19.9973 9.9995 6.66649
0.15 99.9066 19.9973 9.9995 6.66649
0.20 99.9066 19.9973 9.9995 6.66649
0.01 0.01 92.654 19.7644 9.95439 6.65015
0.10 92.654 19.7644 9.95439 6.65015
0.15 92.654 19.7644 9.95439 6.65015
0.20 92.654 19.7644 9.95439 6.65015
0.05 0.01 45.3846 16.6465 9.22708 6.36246
0.10 45.3846 16.6465 9.22708 6.36246
0.15 45.3846 16.6465 9.22708 6.36246
0.20 45.3846 16.6465 9.22708 6.36246
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Table 2: Availability with @ = 0.99, u = 0.1, u=0.01
B
A a 0.01 0.05 0.1 0.15
0.001 0.01 0.49893 0.165782 0.0902649 0.0619857
0.10 0.900503 0.626964 0.443267 0.338515
0.15 0.927172 0.691396 0.506976 0.393566
0.20 0.940857 0.726623 0.542885 0.424975
0.01 0.01 0.493083 0.164291 0.0896243 0.0616213
0.10 0.883668 0.610262 0.431577 0.330442
0.15 0.908467 0.670211 0.491444 0.382681
0.20 0.920974 0.702501 0.524817 0.412243
0.05 0.01 0.429263 0.150459 0.0844282 0.058925
0.10 0.75112 0.525738 0.379603 0.295909
0.15 0.768492 0.569752 0.425948 0.338061
0.20 0.776704 0.592236 0.450789 0.361223
Table 3: Busy period with @ = 0.99, u=0.1,u=0.01
B
A a 0.01 0.05 0.1 0.15
0.001 0.01 0.0604579 0.0956753 0.10475 0.108509
0.10 0.150841 0.57032 0.896621 1.10405
0.15 0.165742 0.690741 1.16063 1.48727
0.20 0.175178 0.769698 1.34569 1.76974
0.01 0.01 0.112941 0.116491 0.117323 0.117638
0.10 0.248593 0.655426 0.962705 1.156
0.15 0.266711 0.784854 1.23573 1.54668
0.20 0.277746 0.86839 1.42534 1.83284
0.05 0.01 0.349859 0.205979 0.170409 0.156051
0.10 0.673826 0.990172 1.217 1.357
0.15 0.702612 1.14836 1.51954 1.77301
0.20 0.718428 1.24538 1.72319 2.07118

659



Kamal, et al AJBAS Volume 4, Issue 1V, 2023

Table 4: Cost benefit with 8 = 0.99, u = 0.1, u=0.01

B
A a 0.01 0.05 0.1 0.15

0.001 0.01 49.7721 16.3869 8.81699 5.98156
0.10 89.7486 61.5558 42.5334 31.6434
0.15 92.3858 67.7581 48.3763 36.3821
0.20 93.7354 71.1229 51.5971 38.958

0.01 0.01 49.0825 16.1962 8.72778 5.92685
0.10 87.8696 59.7153 41.2323 30.7322
0.15 90.3133 65.4514 46.6729 35.1747
0.20 91.5419 68.5134 49.631 37.5587

0.05 0.01 42.2266 14.634 8.102 5.58039
0.10 73.7643 50.5935 35.5263 26.8769
0.15 75.4439 54.6784 39.5557 30.26
0.20 76.2336 56.7329 41.6325 31.9799

Figure 2: Availability with 8 =0.99,a =0.2, u=0.1,u=0.01,2A=0.1 to 0.5and 8 =
0.1 to 0.5

Figure 3: Busy period with® =0.99,a =0.2,u=0.1,u=0.01,A=0.1 to 0.5and B =
0.1 to 0.5
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Figure 4: Cost benefitwith @ = 0.99,a = 0.2, u =0.1,u=0.01, K; =100, K, =2, 4 =
0.1 to 0.5and f=0.1to 0.5

Figure 5: MTSFwith2=10.008, a =0.2, u=0.1,u=0.01,0 = 0.3 to 0.9and B =
0.1 to 0.5

Figure 6: Availability with 2 = 0.008, @ = 0.2, p = 0.1, u=0.01, 8 = 0.3 to 0.9 and g =
0.1 to 0.5
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Figure 7: Cost benefitwith 4 =0.008, ¢ = 0.2, u = 0.1,u=0.01, K; =100, K, = 2,0 =
0.3 to 0.9and B =0.1 to 0,5

8. Discussion

Figures 1, 2 and tables 1, 2 show that the MTSF decreases with the increase in the failure rate; also,
availability decreases with increasing failure rate. Also, the weather conditions affect both the MTSF and
the availability causing their decreas due to the increase in the abnormal weather rate, we found that the
MTSF was not affected by the change in the normal weather rate and the availability increases with
increasing normal weather rate. We found that MTSF = 99.9066 when A = 0.001 and 8 = 0.01, MTSF
= 6.36246 when A =0.05and f =0.15 and availability = 0.940857 when A1 =0.001,8=
0.01 and a = 0.20 and availability = 0.058925 when A = 0.05,8 = 0.15 and a = 0.01. From figure 3
and table 3, we also noticed the increase in the busy period with the increase in the failure rate and the
abnormal weather rate, busy period = 0.0604579 when A = 0.001,8 = 0.01 and a = 0.01, busy period
= 2.07118 when A = 0.05,8 = 0.15 and a = 0.20. Then by studying the effect of the failure rate and
the weather rate ( normal and abnormal) on the cost-benefit analysis, (figure 4 - table 4), we found that
the cost-benefit decreased with the increase in the failure rate and abnormal weather rate but the cost-
benefit decreased with the decrease the normal weather rate cost benefit = 93.7354 when 4 = 0.001, 8 =
0.01 and a = 0.20, cost benefit = 5.58039 when 4 = 0.05,8 = 0.15 and a = 0.01. In figures 5 - 6, and
7 when we studied the effect of the presence of the repairman on the reliability measures, we found that
the MTSF was not affected by the presence or absence of the repairman, but availability and cost-benefit
analysis increased with the presence of the repairman. The MTSF, availability, and cost-benefit decreases
with the increase in the repair rate but the busy period increase with the increase in the repair rate.

9. Conclusion
This papersprovides thesreliabilitysanalysis forsa two-unitscold standby system with the presencesor
absence of a repairman. We assumed that the unit operates in normalsweathersconditions, and the unit
fails in abnormal weather conditions, causing system stop. Finally, a numericalsexample is provided to
illustrate thesinfluence ofsparameters on thesMTSF, availability, busy period and, cost-benefit analysis of
the system.

» The abnormalsweather rate together with the failure rate, both increased with the decrease of the
MTSF, availability, and cost-benefit analysis.

» The abnormalsweather rate together with the failure rate increased with the increase of the busy
period.

» The MTSF was not affected by the normal weather rate and the presence or absence of the
repairman.

» The availability and cost-benefit analysis increased with the increase in normal weather rate.

» The availability and cost-benefit analysis increased with the presence of the repairman.
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