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Benefit-function of two similar warm standby
navy vessel ship system subject to failure due
to typhoon and failure due to mediterranean
storm with different repair facilities
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Abstract a maritime disaster is an event which usually involves a ship or ships and can involve military action. Because of the
nature of maritime travel, there is often a substantial loss of life. Notable disasters: the sinking of RMS titanic in 1912,
with 1,517 fatalities, is probably the most famous shipwreck, but not the biggest in terms of life lost. The wartime sinking
of the wilhelm gustl off in january 1945 in world war ii by a soviet navy submarine, with an estimated loss of about 9,400
people, remains the greatest maritime disaster ever. In peacetime, the 1987 loss of the ferry dofia paz, with an estimated
4,386 dead, is the largest non-military loss recorded.in the present paper we have taken failure due to typhoon and failure
due to mediterranean storm with different repair facilities. When the main unit fails then warm standby system becomes
operative. Failure due to mediterranean storm cannot occur simultaneously in both the units and after failure the unit
undergoes type-i or type-ii or type-iii or type iv repair facility immediately. Applying the regenerative point technique
with renewal process theory the various reliability parameters mtsf, availability, busy period, benefit-function analysis
have been evaluated.

Keywords: warm standby, failure due to typhoon, failure due to mediterranean storm, first come first serve, MTSF,
availability, busy period, benefit -function.
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INTRODUCTION

Many maritime disasters happen outside the realms of war. All ships, including those of the military, are vulnerable to
problems from weather conditions, faulty design or human error. Some of the disasters below occurred in periods of
conflict, although their losses were unrelated to any military action. although their losses were unrelated to any military
action.
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Table 1:

Year Country Description Lives lost
1274 Mongol . .
1281 Embire Kamikaze - The Mongol fleet destroyed in a typhoon. 100,000+
256 First Punic War — In the First Punic War, between the Roman
BCE Roman Republic and Carthage, a Roman fleet that had just rescued a Roman army

X " . . 90,000+
253 Republic from Africa was caught in a Mediterranean storm. Rome may have lost more
BCE than 90,000 men.

Spanish Armada — On 8 August 1588, Philip Il of Spain sent the Armada to 15.000-
1588 . invade England. Spain lost 15,000-20,000 soldiers and sailors, mainly in storms !
Spain 20,000
rather than battle.

Stochastic behavior of systems operating under changing environments has widely been studied. Dhillon, B.S. and
Natesan, J. (1983) studied an outdoor power systems in fluctuating environment. Kan Cheng (1985) has studied
reliability analysis of a system in a randomly changing environment. Jinhua Cao (1989) has studied a man machine
system operating under changing environment subject to a Markov process with two states. The change in operating
conditions viz. fluctuations of voltage, corrosive atmosphere, very low gravity etc. may make a system completely
inoperative. Severe environmental conditions can make the actual mission duration longer than the ideal mission
duration. In this paper we have taken failure due to Typhoon and failure due to Mediterranean storm with different repair
facilities. When the main operative unit fails then warm standby system becomes operative. Failure due to Mediterranean
storm cannot occur simultaneously in both the units and after failure the unit undergoes repair facility of Type- II by
ordinary repairman or Type III, Type IV by multispecialty repairman immediately when failure due to Typhoon. The
repair is done on the basis of first fail first repaired.
Assumptions
1. A1, Ay A; are constant failure rates when failure due to Typhoon and failure due to Mediterranean storm

respectively. The CDF of repair time distribution of Type I, Type II and multispecialty repairmen Type-III, IV

are Gy(t), Go(t) and Gs(t) Gy(t).

2. The failure due to Mediterranean storm is non-instantaneous and it cannot come simultaneously in both the

units.

3. The repair starts immediately after failure due to Typhoon and failure due to Mediterranean storm and works on
the principle of first fail first repaired basis. The repair facility does no damage to the units and after repair units
are as good as new.

The switches are perfect and instantaneous.

All random variables are mutually independent.

When both the units fail, we give priority to operative unit for repair.

Repairs are perfect and failure of a unit is detected immediately and perfectly.
The system is down when both the units are non-operative.

XN

SYMBOLS FOR STATES OF THE SYSTEM

Superscripts: O, WS, TF, MSF,

Operative, Warm Standby, failure due to Typhoon, failure due to Mediterranean storm respectively.

Subscripts: ntf, tf, msf, ur, wr, uR

No failure due to Typhoon, failure due to Typhoon, failure due to Mediterranean storm, under repair, waiting for repair,
under repair continued from previous state respectively

Up states: 0, 1, 2, 3, 10; Down states: 4, 5, 6, 7, 8,9,11

regeneration point: 0,1,2, 3, 8, 9,10

States of the System
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0(Onets WShtr) One unit is operative and the other unit is warm standby and there is no failure due to Typhoon of both the
units.

1(TFy, urt, Oner) The operating unit failure due to Typhoon is under repair immediately of Type- I and standby unit starts
operating with no failure due to Typhoon

2(MSF s, urtis Oner) The operative unit failure due to Mediterranean storm and undergoes repair of type II and the
standby unit becomes operative with no failure due to Typhoon

3(MSF pst, urtit, Oner) The first unit failure due to Mediterranean storm and under Type-III multispecialty repairman and
the other unit is operative with no failure due to Typhoon

4(TF (tur1> TF 1) The unit failed due to TF resulting from failure due to Typhoon under repair of Type- I continued
from state 1and the other unit failed due to TF resulting from failure due to Typhoon is waiting for repair of Type-I.

5(TF (tur1> MSF s, we) The unit failed due to TF resulting from failure due to Typhoon is under repair of Type- I
continued from state 1and the other unit failure due to Mediterranean storm is waiting for repair of Type- 11.

6(MSFpnst, urtt, TF ¢, wer) The operative unit failed due to controls damaged by structural failure is under repair continues
from state 2 of Type —II and the other unit failed due to TF resulting from failure due to Typhoon is waiting under repair
of Type-1.

T(MSF s, urir, TFieerr) The one unit failure due to Mediterranean storm is continued to be under repair of Type Il and
the other unit failed due to TF resulting from failure due to Typhoon is waiting for repair of Type-II.

8(TF ¢t,urrr, MSFsr, wer) The one unit failure due to Typhoon is under multispecialty repair of Type-11I and the other unit
failure due to Mediterranean storm is waiting for repair of Type-II.

9(TFturiirs MSFysr, wer) The one unit failure due to Typhoon is under multispecialty repair of Type-III and the other unit
failure due to Mediterranean storm is waiting for repair of Type-I

10(()ntf MSFmsf, urlV )

The one unit is operative with no failure due to Typhoon and warm standby unit failure due to Mediterranean storm and
undergoes repair of type IV.

11(()ntf MSFmsf. uRIV )

The one unit is operative with no failure due to Typhoon and warm standby unit failure due to Mediterranean storm and
repair of type IV continues from state 10.

4(TF

iRl TF
thol)

6(MSF st
Rl TF
ol

I(TE gy
1 MSEs

wd)

Figure 1: The State Transition Diagram

e Bregeneration point ()Up State [ ] Down State
TRANSITION PROBABILITIES

Simple probabilistic considerations yield the following expressions:
Po1 = M/ A+ A, Po2= Ao/ 7»1 + Ay +}\,3

Po,i0= A3/ 7»1 Ty A, plO = pG (k1)+q Gy (M),

Pu=p pGl (7»1) p11 , p1s=9-9 Gy (kz) plZ(S)a

p23= PGz (A1)+q G2 (A2), pas=p-pGa (A1) = p2o'®,
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pP27=q- qG%*( Ay = p28*(7), P30=Ps2 = Ppor = 1

Po,i0= PG4 (le)J’_q Gy (7b2)

plO,lzp'pG4(7\'l):p101 ,ploz q- qG4(X2) p102 t (1
We can easily verify that

Po1 + P2t po3 =1, pio+ pus =p1™) + pis =p1> ) =1,

P23+ P (& (929 ) +p27 (= P28(7) )= 1 p3o=ps2=po1 =1

Pio.ot Pios ‘(= P1o.1) * Pio, 12 (=p1o2)=1 (2)
And mean SO]OuI’n time is

o= E(T)_‘JE P[T = tjdr

Mean Time To System Failure
Do(t) = Qo1 (D[] Di(t) + Qo(D[s] Da(t)+ Qo.10(t)[s] D10(1)
D1(t) = Qio (D[s] Do(t) + Q1a(t) + Qu5(t)
D1(t) = Qa3 (D[] D3(t) + Qa6(t) + Qr(t)
D5(t) = Qso(D[s] Do(t)
D10(t) = Q1o,0(D[s] D10(t) + Qro2()[s] D1(D+ Q1o2(D[s] Da(t) (3-6)
We can regard the failed state as absorbing
TaLking Laplace-Stiljes transform of eq. (3-6) and solving for
@9 (s) =Ni(s)/Di(s) (7)
where
NI(S)_ {Qoi + Qo.10 Q101 "} [ Qus (S)"' Qis (s)1 + {Qoz + Qom Q102 § Qa6 (S) +Qy7 (9)]
Di(s)=1-{Qoi + Q01o Q101 } Qo - {Qu2 + Q01o Q102 } Q2 Qs - Q01o QlOO
Making use of relations (1) and (2) it can be shown that g (O) =1, which implies that g (t) is a proper distribution.

d

MTSF=E[T]= ds 20 © | =D, 0)-N,(©0)/D, (0)
s=0
= ( Mo +H1 (por + Poio Pro,)) T( Poz + Po,to Pro2)( F2 + p3)t wio oo / (1 = (Por + Po.to P1o,1) Pro - (Po2 + Po,io Pro2) P23 ) -
Po.10 P10,0
where

Ho= Mot .U027+H0,10 = o+ un® +

2= UozTlog ™+ tag ", lL10= Hio,0 + Hioit Hioo

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

Moty =e ™ 'e™h" e

Mi(t)=p Gi(H) e ;'
Ma(t) =q Ga(t)e 5" _

M;(t) = Gs(t), M 19(t) = Ga(®) e 5"

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

Ag(t) = Mo(t) + qor(D[c]A(t) + qu(t)[C]Az(t) + o, 10(t)[C]A10(t)

Ai(t) = My(t) + qro(D[c]Ao(t) + (hz (t) 1A+ qiy' gt)[c Aq(D),

Ax(t) = Ma(t) + qos(B)[c]As(t) + qas " (B)[e] As(t) + g0 (1)] [c]Ao(t) As(t) = Ms(t) + qso(t)[c]Ao(t)
Ag(D) = gsa2()[c]Ax(D)

Ag(t) = qor(D[c]A (L)

>’>’I\)

Ag(®) = M 10(0) + 4 100(O[C]A o(8) + qio1 " O[]AIO+ g 102" (D[] AAD) (8-14)
Taking Laplace Transform of eq. (8-14) and solving for Ag(s)

A=) =Ny(s) / Dys) (15)
where

Na(s) =1 5 0.10 M10+ Mo} [{1- (4)}{1 q 28(7 ' g2 }- q 12(5) q 29(
Dor1+{ Do+ o0 101( UIE M 1= 95D F e +d 00 d 'uf
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Moprd Gt on oo™ [0 Map =0, 3,00 8, M)

Dy(s)={1-1 q n®{1- fFzs( '782}- '12(”?29()'791 {"?rm+ 0,10
f’rlo,l(“)}[ 1{1 q ()f }+F'r (S)ﬁ f,r ]*{f’rozﬂ“ﬁo,lo

T[T 0 Ty {1 -7\ F q 91 q 10]
(Omitting the arguments s for brevity)
The steady state availability

F N, (=)

_lim,o JA(8)] lim._g[sdo(s)] Mmooy
Usmg L Hospltals rule, we get
lim__, Vplelts Ny le) ' '_‘,E'-'.
Ay = B oz (=) = o io) (16)
Where

Na(0) ={po.i0 10 )+ Mo (0)} [11 - pii®}1- pas” }- pio® p2s]
+ {Po1+ Po.10 p101( )}[ M 1(0){1 —stm } +p12(5) P23 M 3(0)+

M 0y iz +Poso oo} [{ps M0y 150 11 —puy pos® M 401
D; (0) =po[pio (1- pas” }+ 13125 P23 ]+ Hl[p29(6)+p011323 Po,10
{Ploo{)l P23(7 }+P23 Ploz(1 P}t Mz[(l'pn ) Po1 P1o Po 10 (P1o- P1o
Ploz + i Ploo)] b+ s [paslpin! {gm + Do.10 p101( V(= pu3 po + Po.1o p102 D+ H [pas" (1- Po.10
pio.0 - Piot Poit Po.1o p101( DI+ 1o [p2o{ pio® ) (I- po,10 P1o.0 +( Po2 * Po,10 13102(1 )})] + Mo [p2s”{ pio® (1- Po.10
P10,0+(P02+p0,10P102 })]
and
M3 = H30, Lo = Mor, Ug= Hgi
The expected up time of the system in (0, t] is
X - A =y N (E)
bty = Jo Ao (Bz g gy 4u ()= =07 = 505 (17)
The expected down time of the system in (0, t] is

- 1 ———
eyt Pufty Sothat 2 &) TF T A9 (18)
The expected busy period of the server when there is failure due to Typhoon and failure due to Mediterranean
storm in (0,t]-R,
Ro(t) = qor1(D[c]R(t) + qoa(D[c]R 2('[) + qo, 1o(t)[C]RloE 2
Ri(t) = Si(t) + qio(O)[c]Ro (V) + Q12 (t)[ IR, (1) + i (O[c]IRi(t)
Ry(t) = Sx(t) + qas(O[cIR3(D) + qas'”(t) R(t) +qa *(H)][c]Ro(1)
R3(t) = S3(t) + qzo()[c]Ro(t)
Rg(t) = Ss(t) + gsa()[c]R(t)
Ro(t) = So(t) + qor()[c]R1(t)
R10(t) = S10(t) + q 10.0D[CIRo(®) + qros " "OLCTR1(B)+ q 102" (D[CIRA(D) (19-25)
where
Si=pGiHe e
S () =q Ga) e 7"
S3(t) = Ss()= So(t) = G3(t)

Si0(t) = Ga(t) B (26)
Taking Laplace Transform of eq. (19-25) and solving for Rq(s)

Ra(s) =Ny(s)/ Dafs) 27)
where

Ns(s)={T o +9 010 fTlo,l(m}[gl(l 95? Tgy + ¢ 5[52 ¢ 383+
9557 $8+1 5 SO+ {4 o +qo,1o IE.'rloz( )} [{ S+ T8+ )534'59“729())(1 q (4))+Slqr29().:'|r91]+ 'r'rom

-~

SAIO[{I'qZS(DqSZ}{I' l:;r11(4)}'{;[29(6).:;[91 1 12 ]
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and D 5(s) is already defined.
(Omitting the arguments s for brevity)
)]
In the long run, Ry= &z 1¥) (28)
Where
N 3(0) ={pa +po,1o P101 s - ng( 3 +pi S +pas S3+p28(7)58+p © 592]]+ {po2 P00 Pro2" ) } [ £ So+ p 2383 +p
2" S +59p29 )= i)+ S1p20 @1+ posto Sio[{1-pas” H{1- Pt} - p 20 p 2]
and D , (0) is already defined.
The expected busy period of the server when there is failure due to Typhoon and failure due to Mediterranean storm in
(0,t] is

x = _ Ry i=

is-zr(t) = jﬂ- Ry (2)dz So that * 7 (s) = s
The expected number of visits by the repairman Type-I or Type-II for repairing the identical units in (0, t]-H,
Ho(t) = Qui(D[s][1+ Hy(t)] + Qoz(t)[S][1+Hz(t)]+Qo 10(t)[s] Hio(t)]

H; (1) = Qio(H)[s]Ho(t)] + le (®[s] Hy(t) + Qn (0] [s]H(0),
Hy(t) = Qa3()[s]H3(t) + Qas (1) [s] H() +Qas'”(D)] [c]Hs(0)
Hi(t) = Qs0(D[s]Ho(t)
Hs(t) = Qs2(0)[s]Ha(t)
Ho(t) = Qo1 (t)[s]H (1)

Hio(t) = Quoo®[sHi0o(®)] + Qioa " ®O[sTHi()]+Q102" V(®)[5] Hg(t)] (29-35)
Taking Laplace Transform of eq. (29-35) and solving for Hy (s)

o) N 66)
Ny(s) = { Qo+ Qo2 }L 4 1= Q¥ {1-Qes™ Q2" } = Q1™ Q™" Qo1 ]
And

Ds(s) = {1 - Ql @ {1 stm Qw y - le(s) on(ﬁ) Qo ](1 Q010 Qloo) ’{ Q01 + Qom Qi D Quo {1 - Qu™

Qs 1+ Q1™ Qo Q31— {Qu2 + Qoo Quoa"H Qa3 Qa0 {1 - Qi 1+ Q0™ Qo1 Quo ]
(Omitting the arguments s for brevity)

In the long run,
Ho =N4(0) / D5 (0) (37)
where
Ny ={1—poiod[ {1-p 1™} {1-p2s”} —p 12” p ]
The expected number of visits by the multispecialty repairman Type-III for repairing the identical units in (0,t]-
W,
Wo(t) Qoi([sIW1(D+ Qoa(D)[s (] 2(t) + Quo o(t)[S(]4W10(t)
W ()= Qu(OISIW o()] + Qi "OISIW o) + Quy O] [S]W(0),
W () = Qua(O[sIW 5(6) + Qas"”(V) [s] W 5(t) Qa0 (1)] [c]Wo(1)
W 3(t) = Qao(D[S][1+Wo(D) ]
W s(t) = Qsa(D)[S][1+W2(D) ]
Wo(t) = Qoi(D)[s][1+W(1) ]

Wio()=Qi0,0®)[STWo()+ Q101" "(O[s] W 1(1) + Q102" (B)[s] Wal(t) (38-44)
Taking Laplace Transform of eq. (33-39) and solving for Hy (s)
Hals) =Nys)/ D) (43)

Ns(SQ = {Qm + onlo Qo 0’ }[Q 2(5) [Qn Qs + Q™ Qs + Q™ Qo1 1+ {Qu2" + Qo0 Quo2 ™M [ Qa3 Qa0 +
Q™" Qg + Qo Q91 {1- }]

(Omitting the arguments s for breV1ty)

In the long run,

W o =N5(0)/Ds (0) 1 (46)
Whege Ns(0)={poitpo, 19 Pro. 40y
p 12>+ {portposopios} {1
The expected number of visits by the multispecialty repairman Type-III for repairing the identical units in (0, t]-
Y,

(4)}]
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Yo(H)=Qor(D[s]Y 1(t)+ Qoz(t)[s] Ya(t) + Qo,10()] S] [1+Y10(D)]
Y (1) = Qio(0[s]Yo(t) + Q12" (t)[s] Ya(t) + Q11 (t)] [s]Y (1),
Y () = Qus()[s]Y3(t) + Qus”(t) [s]Y5(0) Qa0 ”(1)] [e]Yo(1)

Y3(t) = Qzo()[s][1+Y (1) ]

Ys(t) = Qs2(D[s]Y (1)

Yo(t) = Qor(D[s]Y1(t)

Y 10(0=Quoo(Os]Yo(t)+ Quoa (B[s] Y1(0) + Qo *(0)[s] Y(0) (47-53)
Takmg Laplace Transform of eq. (47-53) and solving forY, (s), we get
Yo (s) = Ne(s) / Ds(s) (34)

NG(S) Qo 10 [{1 —Q11(4) y(- Q™" Qa2 - Q12 Q™" Qo1 {1- Qu10 Q00" }+{Qu2 + Qouto Quoa "M [ Qas” Qa0 {1
QI+ Qo Qe Qo1 ]
(Omitting the arguments s for brevity)

In the long run,

W =Ns(0)/D;(0) (55)
where No(0) = p ool {1 11" } {1- pas( '}~ prz'” o]

p ¥+ {poutp 0,10 p102 M -p

BENEFIT- FUNCTION ANALYSIS
The Benefit-Function analysis of the system considering mean up-time, expected busy period of the system under failure
due to Typhoon and failure due to Mediterranean storm, expected number of visits by the repairman for unit failure. The
expected total Benefit-Function incurred in (0, t] is
C (t) = Expected total revenue in (0, t]

e cexpected busy period of the server when there is failure due to Typhoon and failure due to Mediterranean storm

in (0,t]

e expected number of visits by the repairman Type- I or Type- 11 for repairing of identical the units in (0,t]

e cexpected number of visits by the multispecialty repairman Type- III for repairing of identical the units in (0,t]

e expected number of visits by the multispecialty repairman Type- IV for repairing of identical the units in (0,t]

_| INESYES! _|11"r‘| eirren)
A T e A S
=KjAy - 2R0 - K 3Hp- K4Wo-Ks5Y
where

K;: Revenue per unit up-time,

K;: Cost per unit time for which the system is busy under repairing,

Kj3: Cost per visit by the repairman type- I or type- 11 for units repair,

K,: Cost per visit by the multispecialty repairman Type- III for units repair
Ks: Cost per visit by the multispecialty repairman Type- IV for units repair

CONCLUSION

After studying the system, we have analyzed graphically that when the failure rate due to Typhoon and due to
Mediterranean storm increases, the MTSF, steady state availability decreases and the Profit-function decreased as the
failure increases.
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