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Abstract—In this paper we have taken failure due to storm, and
heavy fog. When the main unit fails then warm standby system
becomes operative. Failure due to heavy fog cannot occur
simultaneously in both the units and after failure the unit undergoes
Type-l or Type-1l or Type-llI 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.

1. 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 heavy fog.
Some of the disasters occurred in periods of conflict, although
their losses were unrelated to any military action.

Yea Countr . Lives
Description
r y lost

First Punic War— In the First
Punic War, between the Roman

256 Republic and Carthage, a Roman

BCE Roman fleet that had just rescued a

253 Republic  Roman army from Africa was

BCE caught in a Mediterranean storm.

Rome may have lost more than

90,000 men.

Spanish Armada— On 8 August

1588, Philip Il of Spain sent the

Armada to invade England. 15,000-

Spain lost  15,000-20,000 20,000

soldiers and sailors, mainly in

storms rather than battle.

La Bourgogne — The passenger

ship sank on 4 July 1898 after a

collision in dense fog with the

British  ship Cromarty  shire 565

off Sable Island, Nova Scotia. La

Bourgogne was carrying 730

passengers and crew, of whom

565 were lost.

90,000+

1588

Spain

1898 France

Yea Countr I Lives
Description
r y lost
Arctic— a paddle steamer that
sank 27 September 1854 off
Cape Race, Newfoundland after
United colliding with the French iron
1854 States screw steamship Vesta in fog. Of 350

the 534 passengers and crew

aboard, 350 were lost, including

all 109 women and children.
In this paper we have taken failure due to storm, and heavy
fog. When the main operative unit fails then warm standby
system becomes operative. Failure due to heavy fog cannot
occur simultaneously in both the units. After failure the unit
undergoes repair facility of Type- | or Type- Il by ordinary
repairman, Type Il or Type IV by multispecialty repairman
immediately when failure due to storm and heavy fog. The
repair is done on the basis of first fail first repaired.

2. ASSUMPTIONS

1. Ay, A, Ag are constant failure rates when failure due to
storm, failure due to heavy fog respectively. The CDF of
repair time distribution of Type I, Type Il and
multispecialty repairmen Type-Il1, IV are G4(t), G,(t) and
Ga(t), Ga(b).

2. The failure due to heavy fog is non-instantaneous and it

cannot come simultaneously in both the units.

The repair starts immediately after failure due to storm

and failure due to heavy fog 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.

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

Symbols for states of the System

Superscripts O, CS, SF, HFF,
Operative, Warm Standby, failure due to storm, failure due to
heavy fog respectively

Subscripts nsf, sf, hff, ur, wr, uR

No failure due to storm, failure due to storm, failure due to
heavy fog, 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

0(Opsf, CShsr) One unit is operative and the other unit is warm
standby and there is no failure due to storm of both the units.

1(SFs uri , Onst) The operating unit failure due to storm is
under repair immediately of Type- | and standby unit starts
operating with no failure due to storm

2(HFFnt, urn » Onss) The operative unit failure due to heavy
fog and undergoes repair of Type Il and the standby unit
becomes operative with no failure due to storm

3(HFFntt urii » Onsr) The first unit failure due to heavy fog
and under Type-I1l1 multispecialty repairman and the other unit
is operative with no failure due to storm

4(SF stur1 » SF stwri) The unit failed due to SF resulting from
failure due to storm under repair of Type- | continued from
state 1and the other unit failed due to SF resulting from failure
due to storm is waiting for repair of Type-I.

5(SF tur1 » HFFne wrn) The unit failed due to SF resulting
from failure due to storm is under repair of Type- | continued
from state 1and the other unit fails due to heavy fog is waiting
for repair of Type- II.

6(HFFhe, wrii » SF s wri) The operative unit failed due to
heavy fog is under repair continues from state 2 of Type —II
and the other unit failed due to SF resulting from failure due to
storm is waiting under repair of Type-I.

T(HFFh urit s SFsswrn) The one unit failed due to heavy fog
is continued to be under repair of Type Il and the other unit
failed due to SF resulting from failure due to storm is waiting
for repair of Type-II.

8(SFsturin , HFF e, wenn) The one unit failure due to storm is
under multispecialty repair of Type-Ill and the other unit
failed due to heavy fog is waiting for repair of Type-II.

9(SFsturin, HFFhs wri) The one unit failure due to storm is
under multispecialty repair of Type-Ill and the other unit
failed due to heavy fog is waiting for repair of Type-I

10(Opnst HFF ¢ uriv ) The one unit is operative with no failure
due to storm and warm standby unit fails due to heavy fog and
undergoes repair of type IV.

11(Onst HFF 1 wriv ) The one unit is operative with no failure
due to storm and warm standby unit fails due to heavy fog and
repair of type IV continues from state 10.

Transition Probabilities

Simple probabilistic considerations yield the following
expressions:

Por = Al A+ Xy +hg, Po2= Aol A+ Ao +hs, Poro= Ag/ Aq
+hy s

Po= PG1 (A1)+q G2 (12)
P1s=p- pG1 (A1) =pu®,
P15=0-qG1 (1) =p1®,
P2s= PGs (M1)+q Gy (22)
P25 = P- PG2 (A1) = P2,
P21 =0- qG2 (%) = pas'”,
P30 = Ps2 =P =1,
Poto= PGa (R1)+q Gy (22),
P101=P- PG4 (11) = Proa™?,
P102=0-q G4 (A2) = paoo™? 1)
We can easily verify that
Pot + Poz + Po3 = 1,
P10+ Pua (Fpu®) + p1s Gp® ) = 1,
P23+ Pas (ZPp20®) + par (Fp2s™ ) = 1
P30 = Ps2 = Por =1
P10+ P10s™? (FP104) + P102"? (FP102) =1 )
And mean sojourn time is
Mo=E(T)= [ P[T = t]dt
3. MEAN TIME TO SYSTEM FAILURE

Do(t) = Qor()[s] D1(t) + Quz2(t)[s] D2(t)+ Qo,10(t)[s] D10(t)
@1(t) = Qo (Y[S] Do(t) + Qua(t) +Q15(t)

D,(t) = Qa3 (D[s] Ds(t) + Qas(t) + Qr(t) , D3(t) = Qao(V)[s]
Do(t)

D10(t) = Quo0(t)[S] D10(t) + Q10,1 ()[S]D1(t)+ Q02(D)[S] D2(t)

(3-6)
We can regard the failed state as absorbing

Taking Laplace-Stiljes transform of eq. (3-6) and solving for
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g0 (s) =Nu(s)/Di(s) (7
where

N1(s) = {Qoi” + Qoo Q101 3 [Qua (5) + Qus " (5) 1+ {Quz” +
Qoio Qo2 }[ Q26 () + Qzr ()]

D1(s) =1-{Qor + Qo0 Quo1 }Quo - {Qu2 + Qoo Quoz }
Q23 Qa0 - Qoo Quop

Making use of relations (1) & (2) it can be shown that g, (0)
=1, which implies that g (t) is a proper distribution.

d
MTSF = E[T] = ds 20 ©s=0
= (D1 (0)- N1'(0)) / Dy (0)
= ( Hg +Hq (Por * PotoP1o1) +(Poz + Poso Pro2)( Az + Ha)+

Mo Po1o / (1 - (Por + Poo P1oa) P1o - (Poz + Poso P102) P23 ) -
Po,10 P10,

where
Mo = Hort Moz THo0 ,
o= pao + pn @ + pp®,
po = pas+pzs"+ o,
M10= Moo T 101t Mo

4. AVAILABILITY ANALYSIS

Let M;(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

Mo(t) = e * te ™ e st

My(t) =p Gi(t)e "

M,(8) =4 G e "> ", Ms(t) = Gs(t),
M 10(t) = Ga(D) e "5

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

relations

Ao = Mo(t) + du®c]Alt) + de()clA() +
Goao()[C]A10(t)

Al = Mi® + du®Ao® +  dn®®[CIA 0+
du®®ClA (),

Ax(t) = Ma(t) + aas([ClAs(t) + azs”(M[C] Ag(t) + 2]

[c]As(t)

As(t) = Ms(0) + dso(D[C]A(D) ,

As(t) = qs2(1)[C]A2(D)

As(t) = dar (DICIAL(D),

Aso(t) =M 10(t) + 4 100(O[CIA o(t) + G10. P OCIALD* G 10
el (8-15)

Taking Laplace Transform of eg. (8-15) and solving for
A,(s)

A,(5) =Ny(s)/Da(s)
where

Na(s) ={ ':? 0,10 fi“?10+ -"-"?0} {1- C? 11(4)}{1'

(16)

-

G os" G oo} G12° 4209 8o ]+{8 o0+

d 010

G 10.HM {1-§ 57 § 0} +G ® § o M o+ M ,J4{
G o2+ 010 G 0™y 22 M HL- G 0+ § O G ot
M ]

Da(s) ={1- 8 u“H1- § 26" § 02} § 1®

320 G o-{ T ot Toro @a0a™HT0{1-72" e}
+8 19 Gl ]l-{0nt

g 0,10 g 10,2(11)}{[&?‘r 2 {1- q 1+

'ﬁ‘ 29(6) q 91 q lO]

(Omitting the arguments s for brevity)

The steady state availability

A, = lim,_ [4,(8)] = lim,_,[s4,(5)] =

\ N, (2]
lim,_ z

g0 .'.-': |:5_'.

Using L’ Hospitals rule, we get
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L

|
t
i

N, Lz}

Ap=lim, _, ———F—=

(17)

The expected up time of the system in (0,t] is iu(t) =

g LB

J'Ex A, (z)dz sothat A, (s) = — =
N, (5)
5D, (5) (18)

The expected down time of the system in (0,t] is a-'i,_.:(t) =t-

2t Sothat 4. (s) =:—= - 4, (9 (19)

Similarly, we can find out

1. The expected busy period of the server when there is failure
due to storm, and heavy fog in (0,t]-R,

2. The expected number of visits by the repairman Type-I or
Type-I1 for repairing the identical units in (0,t]-Ho

3. The expected number of visits by the multispecialty
repairman Type-111 or Type-IV for repairing the identical units
in (O,t]-Wo, Yo.

5. BENEFIT-FUNCTION

The Benefit-Function analysis of the system considering mean
up-time, expected busy period of the system under failure due
to storm, and heavy fog, expected number of visits by the
repairman for unit failure. The expected total Benefit-Function
incurred in (0,t] is

c=lim.__(C(t)/t) =lim, _,(s?C(s)) =K.A.-K
2Ro-K3Hg- K ;Wo-K5Y
where

K1 - revenue per unit up-time, K, - cost per unit time for
which the system is busy under repairing, Ks - cost per visit
by the repairman type- | or type- Il for units repair,

K, - cost per visit by the multispecialty repairman Type- I
for units repair,

Ks - cost per visit by the multispecialty repairman Type- IV
for units repair

6. CONCLUSION

After studying the system, we have analyzed graphically that
when the failure rate due to storm and due to heavy fog

increases, the MTSF, steady state availability decreases and
the Profit-function decreased as the failure increases.
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