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Abstract Introduction: Ultraviolet of wavelengths from 10 nm to 125 nm ionizes air molecules, and this interaction causes it to be
strongly absorbed by air, ozone (O3) in particular. Ionizing UV therefore does not penetrate Earth's atmosphere to a
significant degree, and is sometimes referred to as vacuum ultraviolet. There is a zone of the atmosphere in which ozone
absorbs some 98% of UV, starting about 20 miles (32 km) high and extending upward. Although present in space, this
part of the UV spectrum is not of biological importance, because it does not reach living organisms on Earth, thanks to
this ozone layer. In Solar System the sunlight plays a important and vital role. The non-conventional renewable solar
energy which is cheap and readily available for use in institutions, hospitals, industries and all sort of equipments and
places where energy is required. But for solar energy Sun is the prime source from where solar energy can be generated.
During rainy and winter seasons the sun is under the cover of clouds regularly resulting solar penal cells are unable to
receive sunlight which causing failure of the system. In the present paper we have taken two non-identical warm standby
system with failure due to non- availability of sunlight. When there is non-availability of sunlight the working of unit
stops automatically. The failure time distribution is taken as exponential and repair time distribution as general. Using
Semi Markov regenerative point technique we have calculated different reliability characteristics such as MTSF,
reliability of the system, availability analysis in steady state, busy period analysis of the system under repair, expected
number of visits by the repairman in the long run and profit-function. Special case by taking repair as exponential has
been derived and graphs are drawn.
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INTRODUCTION

Some of the ultraviolet spectrum that does reach the ground (the part that begins above energies of 3.1 eV, or wavelength
less than 400 nm) is non-ionizing, but is still biologically hazardous due to the ability of single photons of this energy to
cause electronic excitation in biological molecules, and thus damage them by means of unwanted reactions. An example
is the formation of pyrimidine dimers in DNA, which begins at wavelengths below 365 nm (3.4 eV), which is well below
ionization energy. This property gives the ultraviolet spectrum some of the dangers of ionizing radiation in biological
systems without actual ionization occurring. In contrast, visible light and longer-wavelength electromagnetic radiation, ¢
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such as infrared, microwaves, and radio waves, consists of photons with too little energy to cause damaging molecular
excitation, and thus this radiation is far less hazardous per unit of energy. In Solar System the sunlight plays the pivotal
and vital role. The non-conventional renewable solar energy which is cheap and easily available for use in institutions,
hospitals, industries and all sort of places and equipments where energy is required. But for solar energy Sun is the
primary source from where solar energy can be generated. The sun is under the cover of clouds almost every day during
rainy and winter seasons causing solar penal cells not receiving sunlight and becomes inactive unable to generate solar
energy resulting failure of the system.

Assumptions
1. The failure time distribution is exponential whereas the repair time distribution is arbitrary of two non-identical
units.
2. The repairs are perfect and starts immediately upon failure of units with repair discipline are FCFS.
3. The operation of the unit stops as soon as there is non-availability of sunlight.
4. The failure of a unit is detected immediately and perfectly.
5. The switches are instantaneous and perfect.
6. All random variables are mutually independent.

SYMBOLS FOR STATES OF THE SYSTEM

Superscripts: O, WS, SO, FNASL, FEHR

Operative, Warm Standby, Stops the operation, Failure due to non-availability of sunlight, ultra-violet radiations
respectively

Subscripts: nasl, asl, uvr, ur, wr, uR

Non-availability of sunlight, availability of sunlight, ultra-violet radiations, under repair, waiting for repair, under repair
continued respectively.

Up States: 0, 1, 2, 9;

Down states: 3,4,5,6,7,8,10, 11

Regeneration point: 0, 1, 2, 4,7, 10

States of the System

O(Oasb WSnasl)

The first unit is operative due to availability of sunlight and the second unit is warm standby with non-availability of
sunlight.

l(SOnasb Oasl)

The operation of the first unit stops automatically due to non-availability of sunlight and warm standby unit starts
operating due to availability of sunlight.

2'(F1V‘ASLur’ Oasl)

The first unit fails due to non-availability of sunlight undergoes repair and the second unit continues to be operative due
to availability of sunlight.

3(FNASLuR’ SOnasl)

The repair of the first unit is continued from state 2 and in the other unit the operation of the unit stops automatically due
to non-availability of sunlight.

4(FNASLur9 SOnasl)

The one unit fails due to non-availability of sunlight and undergoes repair and the other unit also stops automatically due
to non-availability of sunlight.

S5(FNASL,gr, FNASL,,)

The repair of the first unit is continued from state 4 and the other unit is failed due to non-availability of sunlight in it and
is waiting for repair.

6 (O,q, FNASLur)

The first unit is operative due to availability of sunlight and the second unit failed due to non-availability of sunlight is
under repair.

7(Sonasla FUVRuvr,ur)

The operation of the first unit stops automatically due to non-availability of sunlight and the second unit fails due to
ultra-violet radiations and undergoes repair.

8(FNASLWI‘9 FU‘Ilzuvr, uR)
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The repair of failed unit due to ultra-violet radiations is continued from state 7 and the first unit failed due to non-

availability of sunlight is waiting for repair.
9(Oasb SOnasl)

The first unit is operative due to availability of sunlight and the operation of warm standby second unit is stopped due to

non-availability of sunlight.
1O(Sonasb FUVRuvr,ur)

The operation of the first unit stops automatically due to non-availability of sunlight and the second unit fails due to

ultra-violet radiations is undergoes repair.
11(FNASLy,, FUVR,yr.ur)

The repair of the second unit failed due to ultra-violet radiations is continued from state 10 and the first unit failed due to

non-availability of sunlight is waiting for repair.

10(500seis 11(FNASL,.,
FUVR o ur) FUVR,,uz)

| |

T30 naen 50 naen AFNASL,,
FUVR,,.) O O..) SO nae)

|

FMASL...)

HFNASL =, (G
50 na0i) FMASL_)

Figure 1: The State Transition Diagram

OL’p state |:| Down state

TRANSITION PROBABILITIES

Simple probabilistic considerations yield the following expressions :
M A2

Por = e 3 T T sz 43
"2 ¥t

_ _ 3
Poo = e p(132)_11+*x3’ Pu=ins
onz8 Gi (M), Py = Gy (M)=p2s, P2 = G2 (M),
P =G, (hy)= P
We can easily verify that
Po1  Po7 Doy = L pi2tp1s= 1, paot pas =p2")= 1, pas = 1 peo= 1,
prot P+ pra= 1, po.o =1, pro2 T pro2’ V=1
And mean sojourn time are
wo=E(T)= [ P[T > t]dt
Mean Time To System Failure
We can regard the failed state as absorbing
8o (t) = Qo1(£)[s]61(t) + Qoo (t)[s]05(t) + Qo7 (t)
3
61(8) = Q12(D)[s162(8) + Q1 (D), 62(8) = Q20()[s165(0) + Q53 (©)
04(t) = Qo,10(0)
Taking Laplace-Stiltjes transform of eq. (3-5) and solving for
Qo(s) =Ni(s)/Di(s)
Where
Ni©)=051(8) { Qi2(5) Q53 (9) + Qia()}+ Qio(8) Q310(8) + Q57 ()
Di(s) = 1-Qg1(s)  Q12(s) Q30(s)
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Making use of relations (1) and (2) it can be shown that 00(0) =1, which implies that 0o(t) is a proper distribution.

MTSF = E[T] = d/ds g,*(0) = (D; (0) - N, (0)) / D, (0)
s=0

= (Mo tPo1 #1 + Po1 P12 B2 + Poo Ko ) / (1 - Po1 P12 P20 )

where

Ho = Hor +Hoy + Moo 1 = H1z + Haas ta = Hao T Haz O, Ho = Ho,10

AVAILABILITY ANALYSIS

Let Mj(t) be the probability of the system having started from state i is up at time t without making any other regenerative
state. By probabilistic arguments, we have The value of M(t), M;(t), M,(t), My(t) can be found easily.

The point wise availability A;(t) have the following recursive relations

Ao(t) = Mo(t) + qoi(D[c]A1(t) + qor(D[c]A7(t) + qoo(t)[c]Ag(t)

AL() = Mi(D) + q()[c]Ax(0) + qra[e]Ax(D), Ax(t) = Ma(t) + Gao(D[c]Ao(t) + @22 (O Ax(t)

As(D) = qae (D[] A1), Ag(t) = geo(D)[c]Ao(D)

Ag(t) = (720 an™(1) [€]Ax(D) + gz (D[e]Ax(D)

Ag(®) = Mo(t) + go 10D A10(t), Aro(t) = dio2(O[c]A(D) + qio" (O[] Ax() (7-14)
Taking Laplace Transform of eq. (7-14) and solving for A,(s)

Ag(s) =Ny(s)/Das) (15)
Where

Na(s) = (1 - 227(8)) { M o(s) + Gor(8) M 1(5) + Goo(s) M o(8)}+ M 5(8){ Gor(s) Guaa(s) + Qor(s)(72(s) + G 73°()) + G 00
(5) G 9,10 5)( G 102 (8) +§ 102" ()}

Da(s) = (1 -4 27)) { 1 -G a6°) Goo(s) (Gor(5) G a4 (5) + Gor(S) Gra(s))
- Qo) Go1(8) G12(8)+ Gor(8)( G 22(5) + G 12°(S) + G 00 () 0,10 (5)
(G 102 (5) 4 102"(s))}

The steady state availability

A() = limt_,oo [Ao(t)] = lims_)o [S AO(S)] — lims_)o SN, (5)

D, (s)
Using L’ Hospitals rule, we get
s Ny (s)+s Ny'(s) _ N3(0)
Ao=lims o == S~ 20 (16)
Where
N>(0)= p2o(M 0(80) + poiM1(0) + pog Mo(0) ) + M>(0) (poipi2 + po7 (P72
, + 72"+ poo )
D5 (0) = paot Ho *+ Po1 1 + (Po1 P14+ Po7 P7a ) Uat Po7 47 + Po7 M7 + Pos(Ho + Uio)
+ Uz { 1- ((PorP1a+ Po7 P74 )}
5
Mg = 26),.117 =Upt U 5? TR M0 = R0z T H %12)
The expected up time of the system in (0,t] is
— A Ny (S
2,0 = [ Ay (2)dz So that I, (s) = =2 = #((S)) (17)
The expected down time of the system in (0, t] is
Aa(®) = t- 2,(t) So that g () =% — X, (5) (18)

The expected busy period of the server for repairing the failed unit under non-availability of sunlight in (0, t]
Ro(t) = So(t) + qor(D[c]R1(t) + qor(D[C]R7(t) + qoo(t)[c]Ro(t)

Ri(t)=S:(t) + Chz(t)[C]Rz(? + qua(t)[c]R4(D),

Ry(t) = qao(O[cIRo(t) + a2z (O[JRaA1)

Ru(6) = qs'(O[CIRg(D), Re(t) = gso(®)[cIRo(1)

R7(6) = (q72(t)+ 472""(0) [c]Ra(t) + qra (D[CIR4(1)

Ro(t) = So(t) + qo.1o(D[IR10(t), Rio(t) = qioa(t) + qroa" (D[C]Ra(Y) (19-26)
Taking Laplace Transform of eq. (19-26) and solving for Ry(s)
Ro(s) =Nj(s)/Das) 27
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Where
Na(8) = (1 - § 7(5)) { S o(s) + Goi(s) S 1(s) + Goo(s) S o(s)} and Ds(s) is already defined.
_ N3(0)
In the long run, Ry = 2,0)
2

where N3(0)= pao(So(0) + poiS1(0) + peo $5(0) ) and D (0) is already defined.
The expected period of the system under non-availability of sunlight in (0, t] is

(V) = fOO( Ry (z)dz So that /Tr\v (s) = _ﬁos(s)

The expected Busy period of the server for repair of dissimilar units by the repairman in (0, t]

Bo(t) = qo1(D)[c]B1(t) + qor(D[c]B(t) + qoo(t)[c]Bo(t)
B1(t) = qia(0)e]Ba(t) + qua(®)e]Ba(t), Ba(t) = qao(t)[] Bo(t) + a2z '(B)[c]Ba(t)
Ba(t) = T4 ()+ qus’ g)[C]Bs(t), Be(t) = Te () + qeo(t)[c]Bo(t)
B3(t) = (qr(0)+ 472" "(0)) []Ba(t) + g7 (D)[c]Bu(t)
Bo(t) = qo,10(t)[c]B1o(t), Bio(t) = T1o ()+ (qio(t) + Q1o,z(ll)(Q£C]B2(t)
Taking Laplace Transform of eq. (29-36) and solving for B (s)
By (s) =Nu(s)/ Da(s)
Where
Nu(®) = (1 -4 27) { Goi(8) GG T 4() + s V() T () 44 077(8) Gra($)( T 4(5)
+ §46”)(5) T 6()r+ Gools) Qoo.10(s) T 10(s))
And Dy(s) is already defined.
N,(0)
where N4(0)= p2o {( Po1 P14 + Po7 P7a) (T'4(0) +T6(0)) + poo T10(0) } and D, (0) is already defined.
The expected busy period of the server for repair in (0, t] is
Ay () = focx B, (2)dz So that A, (s) = Bl

S

In steady state, By =

The expected Busy period of the server for repair when unit failed due to ultra-violet radiations in (o, t]

Po(t) = qoi(®)[c]P1(t) + qor(t)[c]P7(t) + qoo(t)[c]Po(t)

P(6) = qia(D[]Pa(D) + qra(D[e]P4(0), Pa(t) = qao(D[]Pu(t) + g2 (D[eIP(®)
P4(t) = qas” (D[cIP(1), Pe(t) = qeo(D[C]Po(t)

P1(t) = Lo()+ (qra(t)+ q72"° (1)) [c]Pa(t) + qrs (D)[c]Pa(0)

Py(t) = Qo 10(E)[€]P10(t), P1o(t) = (quoa(t) + quo2" ())[C]Pa(t)

Taking Laplace Transform of eq. (40-47) and solving for

Py (s) =Ns(s)/ Dys)

where Ny(s) = Gor(s ) L 7(s) (1 - § »°(s)) and D(s) is defined earlier.

In the long run, Py = gs—,((oo))

where

Ns(0)= pao po7 L4(0)
and D, (0) is already defined.

The expected busy period of the server for repair of the failed unit due to ultra-violet radiations in (0, t] is

Ays(t) = [ Py (2)dz So that I (s) = =22

The expected number of visits by the repairman for repairing the non-identical units in (0, t]
Ho(t) = Qo1(H)[c]H () + Qo7(H[c]H7(t) + Qoo(t)[c]Ho(t)

H;(0) = Qa()[c][1+H(0)] + Qua®)[c][1+Ha(1)], Ha(t) = Qao(t)[c]Ho(t) + Qua® ()[c]Ha(1)
Ha(t) = Qa6 (D [c]He(1), Ho(t) = Qeo(t)[cTH(1)

Hy(t) = (Qn(t)+ Qr*(1)) [e]Ha(t) + Qza (D[c]Ha(1)

Ho(t) = Qo 10(0)[c][1+H10(0)], Hio(®) = (Qroa(B)[e] + Quon" () [c]Ha(1)

Taking Laplace Transform of eq. (51-58) and solving for Hj(s)

Hg(s) =Ne(s)/ Ds(s)

Where .

No(s) = (1= Q 27" ()) { Q"01(8)( Q" 12(8)+ Q" 14()) + Q" 00 (8) Q" 0,10 (5)}

Ds(s) = (1-Q 277(9)) { 1-(Q"01(8) Q" 14 () + Q"01(s) Q"74(5)) Que”"(5) Q"so(s)}
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- Q205 Q"01(5) Q7 12()+ Q07()( @ 7a(s) + Q™ 72™(s) +
Q%09 () Q70,10 (5) (Q” 102 () +Q 102" ()}

In the long run, Hy = g:—,((oo))

where Ng(0)= pao (po1 T po9) and D’;(0) is already defined.

The expected number of visits by the repairman for repairing the failed unit due to ultra-violet radiations in (0, t]

Vo(t) = Qoi(®)[c] V(1) + Qor(Dc] V(1) + Qoo(t)[c] V(1)

V()= QuO[eIVa(D) + Quu(IelVa(D), Va(®) = Quo®[e]Vo(®) + Q2 O[c]V2(0)

V(1) = Qus” (D[] Ve(D), V6(t) Qoo(D[c]Vo(t)

V(1) = (Qn(®)[1+Va()]+ Q' (1)) [c]Va(t) + Qg gt)[C]V4(t)

(60)

Vo(t) = Qo10()[c]Vio(t), Vio() = (Quoa(t) + Qio2" (®)[c]Va(t) (61-68)
Taking Laplace-Stieltjes transform of eq. (61-68) and solving for V,,*(s)
Vo' (s)  =Nis(s)/ Da(s) . (69)
where Ny(s) = Q* 7 (s) Q* 7 (s) (1 — Q %®(s)) and Dy(s) is the same as Ds(s)
In the long run, Vo= g7—,((00)) (70)

4

where N7(0)= pyo po7 p72 and D’;(0) is already defined.
GAIN-FUNCTION ANALYSIS

The Gain- function of the system considering mean up-time, expected busy period of the system under non-availability
of sunlight when the units stops automatically, expected busy period of the server for repair of unit when failure is due to
ultra-violet radiations and, expected number of visits by the repairman for non-identical units failure, expected number of
visits by the repairman for failure due to ultra-violet radiations.
The expected total Gain-function incurred in (0, t] is
C (t) = Expected total revenue in (0, t]
expected total repair cost for failure of the unit due to ultra-violet radiations in (0,t]
expected total repair cost for repairing the units in (0,t |
expected busy period of the system under non-availability of sunlight when the units automatically stop in (0,t]
expected number of visits by the repairman for repairing the failed unit due to ultra-violet radiations in (0,t]
e expected number of visits by the repairman for repairing of the non-identical units in (0,t]
The expected total cost per unit time in steady state is
C=lim,_,(C(0)/) =limy_o(s?C(s))
= KA - KyPo - KsBy - K4Rg - K5V - KgHp
Where
Kj;: revenue per unit up-time,
KG5: cost per unit time for which the system fails due to ultra-violet radiations is under repair
Kj;: cost per unit time for which the system is under unit repair
K4: when units automatically stop cost per unit time for which the system is under non-availability of sunlight
Ks: cost per visit by the repairman for which the unit fails due to ultra-violet radiations is under repair,
KG: cost per visit by the repairman for non-identical units repair.

CONCLUSION

After studying the system, we have analyzed graphically that when the failure rate due to non-availability of sunlight and
failure rate due to ultra-violet radiations increases, the MTSF and steady state availability decreases and the Gain-
Function also decreased as the failure increases.
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