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Profit-function of two similar warm standby aircraft
system subject to failure due to poor weather and
land 1n fog after hitting electric lines
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Abstract In this paper we have taken failure due to poor weather, and land in fog after hitting electric lines. When the main unit
fails then warm standby system becomes operative. Failure due to land in fog after hitting electric lines cannot occur
simultaneously in both the units and after failure the unit undergoes Type-I or Type-II or Type-III 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.
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INTRODUCTION
Date: January 18, 2015 Time: ?
Location: Near Abu adh Dhuhur Air Base, Syria
Operator: Syrian Air Force
AC Type: Antonov An-26
Reg: YK-AND cn: 3008
Aboard: 37 Fatalities: 31 Ground: 0
Route: ?

The army transport crashed while attempting to land in fog after hitting electric lines. The Al Nursa front, claimed that it shot

Details: down the aircraft.
Date: December 28 2014 Time: 0618
Location: Java Sea
Operator: AirAsia Flight: 8501
AC Type: Airbus A-320-216

Reg: PK-AXC cn: 3648
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Aboard: 162 Fatalities: 162 Ground: 0
Route: Surabaya — Singapore
The aircraft went missing while en route from Suabaya to Singapore. Contact was lost about 40 minutes after taking off.
Details: Before contact was lost, the pilot requested a route change due to weather conditions. Wreckage has been located in the
Java Sea southwest of the island of Borneo.
Date: September 20,, 2014 Time: 0935
Location: Near Port Moresby, Papua New Guinea
Operator: Hevlift
AC Type: de Havilland Canada DHC-6 Twin Otter 300
Reg: P2-KSV cn: 528
Aboard: 9 Fatalities: 4 Ground: 0
Route: Woitape - Port Moresby

While approaching Port Moresby Jacksons International Airport, the unscheduled passenger plane impacted terrain near the

Details: . . .
top of Mt. Lawes, 7 miles east northeast of the airport in poor weather.

In this paper we have taken failure due to poor weather, and land in fog after hitting electric lines. When the main
operative unit fails then warm standby system becomes operative. Failure due to land in fog after hitting electric lines
cannot occur simultaneously in both the units. After failure the unit undergoes repair facility of Type- I or Type- II by
ordinary repairman, Type III or Type IV by multispecialty repairman immediately when failure due to poor weather and
land in fog after hitting electric lines. The repair is done on the basis of first fail first repaired.
Assumptions
1. A1, Ay Asare constant failure rates when failure due to poor weather, failure due to land in fog after hitting electric
lines respectively. The CDF of repair time distribution of Type I, Type II and multispecialty repairmen Type-III,
IV are Gy (t), G (t) and G; (t), Gq4 (1).

2. The failure due to land in fog after hitting electric lines is non-instantaneous and it cannot come simultaneously

in both the units.

3. The repair starts immediately after failure due to poor weather and failure due to land in fog after hitting electric
lines 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.

NN

SYMBOLS FOR STATES OF THE SYSTEM

Superscripts: O, CS, PWF, LFELF,

Operative, Warm Standby, failure due to poor weather, failure due to land in fog after hitting electric lines respectively
Subscripts: npwf, pwf, Ifelf, ur, wr, uR

No failure due to poor weather, failure due to poor weather, failure due to land in fog after hitting electric lines, 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(Onpwis CSupwr) One unit is operative and the other unit is warm standby and there is no failure due to poor weather of
both the units.

1(PWF s, ur1 » Onpwr) The operating unit failure due to poor weather is under repair immediately of Type- I and standby
unit starts operating with no failure due to poor weather

2(LFELF, fgLF, urit » Onpwe) The operative unit failure due to land in fog after hitting electric lines and undergoes repair
of Type II and the standby unit becomes operative with no failure due to poor weather

3(LFELFfgLF, uriii s Onpw) The first unit failure due to land in fog after hitting electric lines and under Type-III
multispecialty repairman and the other unit is operative with no failure due to poor weather
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4(PWF ,utur1 s PWF [uewrr) The unit failed due to PWF resulting from failure due to poor weather under repair of Type-
I continued from state land the other unit failed due to PWF resulting from failure due to poor weather is waiting for
repair of Type-1.

S5(PWF ,wtur1 s LFELF peir, wei) The unit failed due to PWF resulting from failure due to poor weather is under repair
of Type- I continued from state 1and the other unit fails due to land in fog after hitting electric lines is waiting for repair
of Type- 11

6(LFELF g, urii » PWF u¢ wi1) The operative unit failed due to land in fog after hitting electric lines is under repair
continues from state 2 of Type —II and the other unit failed due to PWF resulting from failure due to poor weather is
waiting under repair of Type-I.

T(LFELFgaturit » PWFpwewen) The one unit failed due to land in fog after hitting electric lines is continued to be under
repair of Type II and the other unit failed due to PWF resulting from failure due to poor weather is waiting for repair of
Type-IL.

8(PWFwturiir s LFELF g, werr) The one unit failure due to poor weather is under multispecialty repair of Type-III and
the other unit failed due to land in fog after hitting electric lines is waiting for repair of Type-II.

I(PWF ,ut.uriits LFELF gy we1) The one unit failure due to poor weather is under multispecialty repair of Type-III and the
other unit failed due to land in fog after hitting electric lines is waiting for repair of Type-1

10(Oppwt LFELFys, we1v ) The one unit is operative with no failure due to poor weather and warm standby unit fails due
to land in fog after hitting electric lines and undergoes repair of type IV.

11(Oypwt LFELF g, yrrv ) The one unit is operative with no failure due to poor weather and warm standby unit fails due
to land in fog after hitting electric lines and repair of type IV continues from state 10.
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Figure 1: The State Transition Diagram

e Rregeneration point ()Up State [ ] Down State

TRANSITION PROBABILITIES

Simple probabilistic considerations yield the following expressions:
por =M/ A+ Ay Hhs, po2= Ao/ A+ Ay TAs, pojo= As/ At Ay tAs
pio=pGi (A)+q G2 (A2) pia=p-pGi (M) =pu¥,
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pis=q-9 Gy (A2) = pi®, pas= pGa (A)+q Gy (L),

P26 = P- PGz*( M) = pzo(é) P27 4" qu*( 7»*2) = p28(7),

P30=Ps2 = Po1=1 Poio= pGs (A1)+q G4 (A2),

Pio.1= P- pG4*( A1) = Pioa an »P102=q-q G4*( L) = plo,z(n) (1
We can easily verify that

Po1 t po2t pos— 1, pio+ pis (=pu™) + pis =p1,¥) = 1,

P23+ P2 (= (?29 D)+ a7 (=pas'” )= 1 p3o=ps2=poi = |

P1o.ot Pios ‘(= Pio,1) T Plo,z(lz) (=p102)=1 (2)
And mean SQ]OUI'II time is

o=FE(T) = o
Mean Time To System Failure

Do(t) = Qo1 (D[] D1(t) + Qo2(D[s] Da(t)+ Qo.10()[s] D10(1)

D1(t) = Q1o (D[s] Do(t) + Qia(t) +Q5(t)

D(t) = Qa3 ([s] D3(t) + Qa(t) + Q27(1) , D3(t) = Q30(D[s] Do(V) ,

D10(t) = Quo,0(D[s] D1o(t) + Qio,1(D[s]D1(H)+ Qio2(t)[s] Da(t) (3-6)
We can regard the failed state as absorbing

Taklng Laplace -Stiljes transform of eq. (3-6) and solving for

00 (s) =Ni(s)/ Dy(s) (7)
where

Nl(s)_ {Qoi + Qo.10 Q101 "} [ Qua (S)+ Qis (s)] + {Qoz + Q01o Qloz h [Q26 () + Qa7 (s)]

Di(s)=1-{Qoi’ +Q01o Q101 } Qo - {Qo2 +Q01o sz J Q2 Qs -Qom 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.

MTSE=E[T]=ds 20 © | =(D,0)-N,(0))/D, (0)

s=0
= ( H2+H1 (por + po,io Pro.1) T(Poz + Poto Pro2)( F2 + pa)+ o poto / (1 = (Por + Po,io Pro.1) Pro- (Po2 + Po.1o Pro) P23 ) -
Po.10 P10,0
where

4 5
Ho = Uort Mo(zﬂﬂlo,lo@ﬂl =Upot Hu( )+ le( ),
Ho= Ua3tlag "+ U297, H10= Hi10,0 T Kio,1F K102

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

Mo(t)=e e 4 e ™", My(t) =p Gi(t) e "

Ma(t) =q Go() e 2", Ms(t) = Gs(0), M 1o(t) = Ga(t) e 75"

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

Ao(t) = Mo(t) + qoi(D[c]A(t) + qu(t)[C]Az(t) +qo, 10(t)[C]A10(t)

Ai(t) = Mi(t) + qio(t)[c]Ag(t) + (hz (t) 1A+ qui Q)[C A,

Ax(t) = Ma(t) + qua(O[c]As(t) + qas (D[] As(t) + g0 " (t)] [c]As(t)
As(t) = Ms(t) + qao(D[c]Ao(t) ,As(t) = gs2(t)[c]Ax(t)
A(t) = dor(D[CJALD, Aro(t) = M 10(0) + g 100(O[C]A o(t) + quoa " (OICJAIO+ g 102" (D[] AA) (8-15)
Takin_g Laplace Transform of eq. (8-15) and solving for Ay(s)
Ao(s) = Nys)/ Da(s) (16)

where
Na(s) ={ q 0,10 M 1o+ Ilrf0} [{1- (4)}{1' q 7 G 32}'___“"Ir 12(5_)__':.Ir 20" Qo1+ { Qo+ 10 _
910 (11>}[ M {1 = 57 q o)+ Ty MM 0@ 480,08, [T, My -9,9)+ 7
( ) q ]
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s = o e =Dy = oy & = s &R
Dy(s)={1- 9 |\ P} {1- 457 Tgp}- G, 0@ G G+ ¢ o010 1 10,1( MM 10 {1— T 05? Tgp) +8,0 5 5]
Iﬂ - - 1 - - - 4 - 6 - -
—{ T+ T 000 T 102" [T 03 Tap {1 =T+ 00 0, 4]
(Omitting the arguments s for brevity)
The steady state availability

F N, (=)

B TA(#Y  hm Ted (e lim. g

Ap= i —aifeitil = gl ai Dy iz)
Using L’ Hospitals rule, we get
lim, _, 2200 1 )
0= = D ish
N, (0)
N )] (17)
The expected up time of the system in (0, t] is
o 7 _ Ag (=) _ M5
} zlaz A, LBl = — o
Tu(t) = JFl:- Ay (2)dz So that ~ (s) 5 Dy (%) (18)

The expected down time of the system in (0, t] is

5 1 5=
Aa(t)=1t- *u(t) So that tq (8) £ F (8) (19)
The expected busy period of the server when there is failure due to poor weather, and land in fog after hitting
electric lines in (0,t]-R,
Ro(t) = qoi(D)[c]R1(t) + goa(D[c]R 29) + QO,IO(t)[C]Rlogz
Ri(1) = S1(t) + quo®eIRo (1) + 412 (D[c] Ra (0) + a1 O[cIR ()
Ra(t) = Sa(t) + qs(O[e]R3(0) + qas”(1) Re(®) +a20 (O] [cTRo(D)
Rs(t) = S3(t) + gso(t)[c]Ro(t)
Ry(t) = Ss(t) + gsa(t)[c]R(1)
Ro(t) = So(t) + qor()[c]R (1)
Riolh) =510+ 4 0oOlTRa) + dioa" ORI+ q 102" OCIRA(D) (19-25)
where
Si(0=pGiDe ', St)=q Gat) e 7'
S3(t) = Ss(t)= So(t) = Gs(t)

—_—

S10(t) = Ga(t) . (26)
Taking Laplace Transform of eq. (19-25) and solving for Ry(s)

Ry(5) = Ny(s)/Das) 27)
where

N3 ={T 01 +% 010 q 0 TSI = TP T b+ TS+ €583+
ﬁ28(7) Sg+l 2 SO+ {f'roz +14 0,10 1 102" (St q 233 +4 2" S5+ S5 q (1= 1)+ 8 q 2" q o] +

Toro Siol{1-T 57T g3 {1- §,, 937,08, ,,0
and D 5(s) is already defined.
(Omitting the arguments s for brevity)
Ng (0)
In the long run, Ry = Dy i (28)
Where
N 3(0) ={po1 +po.0 Pro1" " I S1(1 = pas” } +p12™[ S2 +p2s S3+ps'” S8+p20” SN+ {poz +po.io Pros' 3 [ { Sot+ p 2355 +p
BN I , , 2 ) , ,
2 Sg D) P20 )(1- i)+ S1p20 ™1+ poio Sio[{1-p2s” } {1-p1i¥}-p 20 p 1271
and D ; (0) is already defined.
The expected busy period of the server when there is failure due to poor weather, and land in fog after hitting electric
lines in (0, t]

3 = Ry i=
; zla=z Ay |5 =
d:"‘.-‘(t) = jE- RII- (—jd— So that v [ ) =
The expected number of visits by the repairman Type-I or Type-II for repairing the identical units in (0, t]-H,
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Ho(t) = Qoi(D[s][ 1+ Hi(t)] +Qoz(t) s][ 1+H2(t)]+Qo1o(t)[S Hio(D)]
Hi(t) = Qio(D[s]Ho(t)] + le J(®)[s] Ha(t) + Q11 O] [sIHi()
Ha(t) = Qus(t)[s]Hs(t) + Qas' (1) [5] Hy(t) Qa9 (t)] [c]Hs(t)
Hi(t) = Qao(t)[s]Ho(t)
Hy(t) = Qs2(t)[s]Ha(t)
Hy(t) = Qoi()[s]H,(t)

Hio(t) = Qioo(®[sTH10()] + Quoa " "O[sTHi (0 H+Quo2" "()[s] Ha(1)] (29-35)
Taking Laplace Transform of eq. (29-35) and solving for Hy {s)

Als) N/ . PR (36)
Ny(®)={ Qo1 + Qo2 j[ {1~ Q11(4) }{1'Q28(7) Qs | — le(s) Q29(6) Qo1 ]
And

Ds(s) = {1~ Qu} {1- Q™ Q') - Q2 Qoo Qor'l(1- Qoo Qoo )-{ Qur ¥, Quag” Quoa ™31 Quo'¢ 1 - Q™
Qs 1+ Q1™ Qo3 Q301 {Qu2 + Qoo Quoa"H Qs Qa0 {1 - Qi }+ Q™ Qo1 Quo ]
(Omitting the arguments s for brevity)

In the long run,
Ho =N, (0) /D5 (0) (37
where
N4 (0)={1-pow}[{l-p 11(4)} {1-p 28(7) f—p 12(5) p 29(6)]
The expected number of visits by the multispecialty repairman Type-III for repairing the identical units in (0, t]-
W,
Wo(t) Qoi(D[s]W1(t)+ Qoz(t)[S] W z(t) +Quo, o(t)[S] Wlo(t)
W (1) = Quo(O[s]W o(t)] + le O] Wa(0) + Q11 (0] [sTW1(1) ,
W () = Qua(O[sTW 3(0) + Qas"(t) [s] W s(t) +Qa0(1)] [c]Wo(1)
Wi3(t) = Qso(O[s][1+Wo(t) ]
Wis(t) = Qaa(O[s][1+Wa(t) |
Wo(t) = Qai(D[s][1+Wi (1) ]

Wio(®)=Quoo(O[s]Wo(t) Qioa " "(O[s] Wi() + Quoa(O)s] W2t (38-44)
Taking Laplace Transform of eq. (33-39) and solving for {1a 15}
Hi(s) =Nys)/ Di(s) (45)

Ns(S) = {Qm + Qo 10 Qo w0 }[Q O Qus Qa0 + Q™ Qs2 + Q20" Qo 1+ {Qu2” + Q.10 QoI [ Qas” Qa0 +
Qi Qg +Q29 Q91 {1-Qu' }]
(Omitting the arguments s for brevity)
In the long run,
W =N;5(0)/ D5 (0) (46)
where Ns(0) = {p o1+ p 0.10 101" 3p 127 + {p o+ P oo Proa '} {1 ¥}
The expected number of visits by the multispecialty repairman Type-III for repairing the identical units in (0, t]-
Y,
Yo(©)=Qor(D[s]Y 1(t)+ Qoz(t)[s Ya(t) +Q010(t) S] [1+Y10(8)]
Y1(t) = Quo(D[s]Yo(t) + Q1" (t)[S]Yz(t) +Qu' (t)] [sIY:(D),
Y 2(t) = Qas(®[s]Y3(1) + Qas (1) [s]Ys(t) +Qa0 ™ (1)] [c]Y (1)
Y3(t) = Qao(D[s][1+Yo(t) ]
Ys(t) = Qsa(t)[s]Y2(t)
Yo(t) = Qor1(O[s]Y1(t)

Y 10(0=Quo,o(O[s]Yo(0)+ Quo (O[] Y1(1) + Quox" V(O[] Y1) (47-53)
Taklng Laplace Transform of eq. (47-53) and solving forY, (s), we get
Y (s) = Ne(s) / Ds(s) (54)

Ne(s) = Qo0 [ {I—Qn()}(l st() Q82 3 - Q¥ Q00 Qo {1- Qo0 Qui00” }+{Q02 + Qo.to Quoa M [ Qs Qo
{1-Qu™ 1+ Qio Q™ Qoi” ]

(Omitting the arguments s for brevity)

In the long run,

W o =N¢(0) / D; (0) (55)
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whege Ns(0) =p o,10[{1-p HM) Fil- st(z)}' P12 pas'®]
p 1+ {tPotPoio plO,Z( JA{l-p " )}]

BENEFIT-FUNCTION

The Benefit-Function analysis of the system considering mean up-time, expected busy period of the system under failure
due to poor weather, and land in fog after hitting electric lines, 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,_, (s2C(s))

=K A - K3Rp- K 3Ho- K 4Wo-K5Y,

where

K;: Revenue per unit up-time,

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

Kj;: cost per visit by the repairman type- I or type- II 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 poor weather and due to land in
fog after hitting electric lines increases, the MTSF, steady state availability decreases and the Profit-function decreased
as the failure increases.

REFERENCES

1. Dhillon, B.S. and Natesen, J, Stochastic Anaysis of outdoor Power Systems in fluctuating environment, Microelectron. Reliab. ,
1983; 23, 867-881.

2. Kan, Cheng, Reliability analysis of a system in a randomly changing environment, Acta Math. Appl. Sin. 1985, 2, pp.219-228.

3. Cao, Jinhua, Stochatic Behaviour of a Man Machine System operating under changing environment subject to a Markov Process
with two states, Microelectron. Reliab. , 1989; 28, pp. 373-378.

4. Barlow, R.E. and Proschan, F., Mathematical theory of Reliability, 1965; John Wiley, New York.

5.  Gnedanke, B.V., Belyayar, Yu.K. and Soloyer , A.D. , Mathematical Methods of Relability Theory, 1969 ; Academic Press, New
York.

International Journal of Statistilka and Mathematika, ISSN: 2277- 2790 E-ISSN: 2249-8605, Volume 13 Issue 3 Page 90



