ISSN 2347-1921

Evaluation of reliability parameters of a system having three
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ABSTRACT

Barlow & Prochan [1] were first to study a complex system taking the component failure and repair times as Independent
of each other. In recent years, many papers on reliability such as Li [2] used multi-state weighted k- out- of- n systems to
analyze repairable systems with arbitrary failure time distributions. Exponential distribution plays an important role in the
study of system with repair. In order to predict and estimate or optimize the probability of survival and the mean life, it is
essential to take exponential distribution. Earlier, Goel et al[8 ] have done similar reliability analysis taking units in three
different modes. Rander et-al [6] has evaluated the cost analysis of two dissimilar cold standby systems with preventive
maintenance and replacement of standby units. A pioneer work in this field was done by Gopalan [3] and Osaki [5] by
performing analysis of warm standby system and parallel system with bivariate exponential life respectively. Earlier,
Pathak et al [10 & 11] studied reliability parameters of a main unit with its supporting units and also compared the results
with two different distributions. We define semi-up mode as the case when the one particular unit is not able to operate
due to error in other units which makes these units non-operative. In this paper an attempt has been made by authors by
incorporating the concept of semi-up mode and tried to obtain the reliability parameters of working system taking three
independent components.
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2. System Description about the model:

The system consists of three independent components hamely A, B & C. Here component A are independent on other
two components B and C and the system is operable when atleast two of the components are in operation and the
system is semi operable when at least one of the components B or C are in operation. As soon as a job arrives, all the
components work with load. It is assumed that only one job is taken for processing at a time. There is a single repairman
who repairs the failed units on first come first served basis. Using regenerative point technique several system
characteristics such as transition probabilities, mean sojourn times, availability and busy period of the repairman are
evaluated. In the end the expected profit is also calculated.

3. Assumptions used in the model:

a. The system consists of three independent components A, B and C.

b. There is a single repairman which repairs the failed units whenever called for service.

c. The repairs are done on FCFS basis .

d. All units work as new after repair.

e. After random period of time the whole system goes to preventive maintenance.

f. The failure rates of all the units are taken to be exponential whereas the repair time distributions are arbitrary.

g. Switching devices are perfect and instantaneous.

4. Symbols and Notations:
P;; = Transition probabilities from S; t0 S,
AL; =Mean sojourn time at time t

E, =State of the system at epoch t=0
E=set of regenerative states _
g S, — S,

d; ; (t) = Probability density function of transition time from S; t0 S ;

Q; ; (t) =Cumulative distribution function of transition time from S;t0 S

7r; (t) = Cdf of time to system failure when starting from state E; =S, € E

4; (t) =Mean Sojourn time in the state E, =S, € E

B, (t) =Repairman is busy in the repair attime t/ E; =S, € E

I, /1, /13 / r,=Constant repair rate of Main unit A /Unit B/Unit C/Unit B or C

a | 1y =Failure rate of Main unit A /Unit B/Unit C

0,/9,/9;/9, =Probability density function of repair time of Main unit A/Unit B/Unit C/Unit B or C

C_51 /52 /63 /C_E4 =Cumulative distribution function of repair time of Main unit A/Unit B/Unit C/Unit B or C

a(t) = Probability density function of preventive maintenance .

b(t) = Probability density function of preventive maintenance completion time.

A(t) = Cumulative distribution functions of preventive maintenance.

B (t) = Cumulative distribution functions of preventive maintenance completion time.

= Symbol for Laplace -stieltjes transforms.

= Symbol for Laplace-convolution.

Cc
5. Symbols used for states of the system:
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Ao / Ag / Ar / A\Nr -- Component ‘A’ under operation/good and non-operative mode/ repair mode /waiting for repair
B0 / Br / Bg -- Component ‘B’ under operation/repair/ good and non-operative mode

C,/C, /Cg -- Component ‘C’ under operation/repair/good and non-operative mode

P.M. -- System under preventive maintenance.

Up states:SO :(Ab’ BO’CO);SZ :(Ao’Br’Co);Ss =(AO’BO'Cr)
Semi Up states:Sl=(A,BO,C0);S4 :(Alvr’Br’CO);SS =(A\NI"BO’CF)

Down States: S, =(S.D.);S, =(P.M.)

6. Transition Probabilities:

Simple probabilistic considerations yield the following non-zero transition probabilities:

t t
1. Qu(t) = e “ P A(t)dt 2. Qu(t) = [ pe At
0 0

3. Qu(t) = jye*“”’”“ At)dt 2. Q,(t) = je“”””gl(t)dt

5. Qu(t) = jﬂe“ﬂ”"él(t)dt 6. Qus(t) = j;e‘“’*”‘@l(t)dt
7. Qu(t) = je“gz(t)dt 8. Qyu(t) = jae”“@(t)dt

9. Q) = je“‘gs(t)dt 10. Q,5(t) = jae“tés(t)dt

11. Quy(t) = je"gz(t)dt 12. Qu(t) = ]ae‘?‘éz(t)dt

13. Q, (1) = je‘ﬁ‘gg(t)dt 14. Qy(t) = jﬂe""és(t)dt

15. Q) = jg4(t)dt 16. Qq(t) = jb(t)dt

t
17. Qqy (1) = [a(t)e /et
0
Now letting t —> 00 , we get It—iinj )= Pjj

18. py, = [are ARt = L-a'(a+B+)],
0

(04
a+pB+y)
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19. p,, = [ fe PRt = ﬁn— a'(a+B+7)
20. p03 = ].i]/e(aJr'Bﬂ/)tK(t)dt = m[l— a*(a + ﬂ + }/)] y 21.

pio = [ g,(t)dt =g, (B+7)
0

o0 ~ ) o ﬂ .
22. p, = |pe PG (t)dt = —F—[1-g, (B+7)] , 23.
14 '([ 1 (ﬁ"' ?/) 1
_[re G @ydt=— g
Pis '(').76 (1) (ﬂ+7)[ gl(ﬁ"‘?/)]
24. Py = J'eiatgz(t)dt = gz*(a) ' 25. Py = J.aeiat62(t)dt =1- gz*(a)
0 0
26. Py = [e7g; (D)t = g5 (a) | 27. Py = [ e “Gs(t)dt =1~ g; ()
0 0
28. p,.=[e7'g,(dt=g, () , 29. s = [167'Ga(D)dt =10, (7)
0 0
30. py, = [ gy (M)dt=g,'(B) |, 31. py = [ A Ga(t)dt =15 (B)
0 0
32 . pyo(t) = [ g4(0)dt =1 33. pyo(t) = [b(t)dt =1
0 0
34. Pso = Pro =1
[6.1-6.34]

It is easy to see that

p01+p02+p03+p07:1’ p10+p14+p15=1’ p20+p24=1 ’p3o+p35=1’ p41+p46:1’

Ps; + Psg =1
[6.35-6.40]
And mean sojourn time are given by
1 * 1 *
41, py=—-———-a"(a+ L+, 42, p=——[1- +)1,
Ho (a+ﬂ+y)[ (a+p+7)] My ﬂ+7[ 9, (B+7)]
1 * 1 *
43. 1, =—[1-g, ()], 44. py=—[1-g; ()]
o o
1 * 1 *
45. ,u4:;[1_gz I, 46. ﬂszz[l_gs 02!
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47. pg = j G, (t)dt 48. 11, = j B(t)dt
0 0

[6.41-6.48]

We note that the Laplace-stieltjes transform of Q; (t) is equal to Laplace transform of q; (t)

e Qy(8) = [eQ;(Hdt = L{Q; (0} =1, (5)

[6.49]
50. (301(5) = Tae‘(s*“*ﬂ*”‘ﬂ(t)dt = & L-a'(s+a+p+y)]
5 S+ta+p+y
51. 602(3) = T,Be“s*“*ﬁ”)‘ﬂ(t)dt = L[l— a(s+a+pB+y)]
5 S+ta+p+y
52. Qu(s) = T;/e(w*ﬁ”)tﬂ(t)dt =7 [-a'Gs+ta+pf+)]
5 Sta+p+y

53. Qy(s) = [e "/ Mat)dt =a’(s+ar + B+7)
0

54. Q(8) = [e e g, (t)dt = g, (s + B+7)
0

55. Qu(S) = T Be e G, (t)dt = b [L-g, (s+8+7)]
3 S+pB+y

56. Gus(S) = I;e-“e'wtc?l(t)dt - =g (s )]
57. Qy(5) = Ie‘(““)tgz(t)dt =g, (s+0a)
58. Q,,(s) = Iae-(““)‘c_;z (t)dt = %[1— g, (s+a)]
59. Qy(s) = Te‘(w)tgg(t)dt =9, (s+a)
0

60. Q,(5) = [ ()& G, ()t =—“[1- g, (s+ @]
! S+a

61. Qu(s) = [e g, (Nt = g, (s +7)
0
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N

- Qu(s) = [ G, Mdt = [1-g, (5 +7)]
0 S+y

6

w

Q) = [e g, )dt =g, (s + )

B

s+p

64. 0u(s) = [ PG, dt =2 1- g’ (s + )]

6

[$2

- Qo(®) =9, ()t =g, (5)

66. Q,(S) = T e *b(t)dt =b "(s)

[6.50-6.66]

We define mij as follows:-

m,, = —[diéi,-(snszo - Q0
S
[6.67]

It can to show that

ISSN 2347-1921

My, + Moy + My + My = Llg; Mg+ My, + Mg = 24, Myg + My = 4y Mgy + Mg = L4

My +Myg = 4y 3 Mgy + My = L4
[6.68-6.73]
7. Mean time to System failure-

Time to system failure can be regarded as the first passage time to the failed state. To obtain it we regard the down state
as absorbing. Using the argument as for the regenerative process, we obtain the following recursive relations.

S

S

7o (1) = Qo ()| ( | () +Qup(t) | | 772(1) +Qus(t)
m (1) =Qu(t) | ¢ |7®+Qu)| ¢ | 7 +Qus(®)
77, (1) = Qo (1) [ ] 70 (1) + Q) 77} 7 (1)

75(0) = Quo(®) | s | 7o +Qss(® [ (| 75(D)

7, (1) = Quu(t) [ | 7(t) + Que(t)

75(1) = Qsy (D) | 5 | (1) +Qs6(t)

[7.1-7.6]

75() + Qp (1)
75(t)

Taking Laplace -stieltjes transform of above equations and writing in matrix form.
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1 _Q01 _Qoz _Qo3 0 0 _770_ _607_
- QlO 1 0 0 - Q14 - Q15 7T, 0
—Qy 0 1 0 -Qy 0 T, 0
We get _ - = 0
- an 0 0 1 0 - st T3 ~
~ Q4e
0 -Q; 0 0 1 0 |7 N
0 -Q, ©0 0 0 1 |L7s] L Qs ]
1 - Qo1 - Qoz - Qos 0 0
- QlO 1 0 0 - Q14 A Q15
- (320 0 1 0 - 624 0
Dl(s) = ~ .
— Q30 0 0 1 0 - Q35
0 N 641 0 0 1 0
0 3 651 0 0 0 i

D1 (S) = (1_ 614641 » 615651) - 601610 - Q02Q10Q24641 & 602620(1_ 614641 B 615(551)
B Q03Q10Q35Q51 i Qosan (1 - Q14Q41 - Q15Q51)

[7.7]
68 0F -Q,. I Qo it
N N 0 0 -Q. -Q
AdN()=|0 0 1 0 -Q 0
0 0 0 1 0« —-Qf
Q -Q, 0 0 1 0
Q. -Q, 0 0 0 1

N1 (S) = 607 (1_ 614641 = 615651) s 601((514646 + 615656)
- 602624 (_646 + 615646651 - 615641656(251)
+ 603635 (656 + 614646651 - 614641656Q41)
[7.8]

Now letting S — O we get

D1(0) = (l_ Po2P20 — Pos pso)(l_ PraPis — Pis pSl) ~ Po1P1o = Po2Po1P24Pa1 — PozPo1PssPss

[7.9]

The mean time to system failure when the system starts from the state SO is given by
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MTSF=E(T) = —[% 7)., = 20N (O (0[))‘(0'\)'1 ©

[7.10]
To obtain the numerator of the above equation, we collect the coefficients of relevant of M in D/ (0)— N/ (0).
Coeff. of (My; =My, =My =My, ) =1 P, Py, — PisPsy
Coeff. of (Myy) = Po; + PopPr4Par + PozPasPs:
Coeff. of (M, =M,,) = Py, (L= PyaPrs — PisPsy)
Coeff. of (Myy = My5) = Pos(d— PryPrs — PysPsy)
Coeff. of (M,;=M,g) = PoyPos(d— PrsPsy) + PosPss PraPsi+ PorPug

Coeff. of (Mgy =Mgg) = PosPas(L— PraPar) + Po2PosPrisPay + PoiPis
[7.11-7.16]

From equation [7.9]

MTSF=E(T)= Lo Sl = o

_ Holo + by + 1Ly + g5l + gLy + 5L
(1_ poz pzo ¥d po3 pso)(l_ p14 p14 ) p15 p51) o p01 plO Y poz p01p24 p41 b p03 p01 pss p51

[7.17]
Where

Ly =1 PuyPrs — PisPs;

Ly = Pos+ PooPosPas + PosPasPss

L, = poz(l_ P14Ps — Pis p51)

L = Pos— P1sPrs = PisPs1)

Ly = PoaPas(l— PisPs1) + PosPasPisPsi + PorPus
Ls = PosPas(= PraPas) + Po2P2aPisPas + PorPis

8. Availability Analysis:

Let M, (t)(i = 0,1,2,3,4,5) denote the probability that system is initially in regenerative state S; € E is up at
time t without passing through any other regenerative state or returning to itself through one or more non regenerative
states .i.e. either it continues to remain in regenerative Si or a non regenerative state including itself . By probabilistic
arguments, we have the following recursive relations

M, (t) =e “/IA(®), M,(t) =G,(t), M,(t)=e'G,(t), M, (t) =e™'G, (1),
M, (t) =e7'G,(t), M;(t) =e”'G,(t)

[8.1-8.6]

Recursive relations giving point wise availability A. (t) given as follows:
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Ab(t)=Mo(t)+i:§33m(t) c| A Al(t)=M1(t)+i§5qﬁ(t) c] AW):;
Az(t)=M2(t)+i§4qzi(t) c|AM) AS(t)=M3(t)+i§5q3i(t) c|AQ) ;
A4(t)=M4(t)+i;6q4i(t) c A As(t):Ms(t)+i;6q5i(t) c|AQ) ;
A =05 [ ] AW : A =0o®) | ¢ | AWD;

[8.7-8.14]

Taking Laplace stieltjes transformation of above equations; and writing in matrix form, we get

QBxs[Ab*’ A.L*’ Az*’ As*v A4*1 As*Aa*v A7*]/ = [Mo*v Ml*’ Mz*’ Ms*’ M4*’ MS*,O,O]/

[8.15]
1 G5 -9, M 0 0 ol —gff
- B 0 0 -q, -9& O 0
-gm NG 1 o A 4 0 0
= B 0 1 0% -\l ¢ 0
Where gy g = A -
o =4, 0 1 Of - o.. B O
0 -qg, O 0 0 ¢ Sm
B, o 0 0 0 0 1 0
B, 0 0 0 0 0 1
1 g N\, &8, N 0 g
— 55 1 0 ™ 7 —d; g 0
—-q,, O 1 0 —0Oy 0 0 0
Therefore D, (s) = ~Ga . 4 1 ¢ ~Gzs y 0
0 -q, O 0 1 0 -q, O
0 -0y O 0 0 1 -q, O
QO 0 0 0 0 1 0
¢, O 0 0 0 0 0 1
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D,(5) = (1= 0y Gar —CGss A5 )~ Cos (G0 + Vg Gas Feo +Gas Css Geo )
— 0o, (0o G0 Gay + 0o + U s Uep — e Gag Goo — Chs Uzo sy
+ 045 Oq Gaz Gss Teo — Gss Uos Gas Uss Gep )
— 0o (Gio U35 sy +Tso +Css s oo — e Faz Gso — Chs Gao sy
— 014 O35 U4y Uss dso + s Gss Uas Css Teo )
— o7 Oro =0y Quy — Gy sy )

if S— 0 we get D2 (0) =0 which is true

[8.16]
Mo =Oor  —CGoz  —0os 0 0 0 — Qo7
M, 1 0 0 ~ Oy Chs 0 0
M 2* 0 1 0 e q24* 0 0 0
NowN,($)= "m0 0 1 0 0y O 0
M 4* Q41* 0 0 1 0 q46* 0
M Os1 Os6
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

Solving this Determinant, we get

N,(s) =My (L=0y, Gay —Cis Gsy )+ M, (Goy +Cop Gzs Gar + s Gss sy )
+M, Gy, (L= Gyy Gay —Chs Gsy ) +Ms Gog (L= 0y Gy —Cs Gsy )
+M, (Glos Gra +oz Gos — oz Gos Gis Uss +CGog Uss Gsy Gy )
+M; (Gos Gys +Clos Gas —Cos Jas Cra Gar + oz Cos Gsy Cha )

[8.17]

if $— 0 we get

N, (0) = £ty (1= PraPrs — PisPs1) + 44 (Pos+ Po2 P24 Pas + PosPasPsy)
+ 1y Poy (1= PraPra = PisPs1) + £ Po3(L— PraPrg — PisPss)
+ 13 P2 P24 (1= PisPs1) + PoaPasPraPsy + PoiPral
+ 5[ Po3Pas (1 = PraPas) + Po2PaaPisPas + PosPis]

[8.18]

To find the value of D,’ (0) we collect the coefficient m,;in D, (S) we get
Coeff Of (m01 = m02 = m03 = m07) = (1_ p14 p14 - p15 p51) = LO
Coeff. of (m, =m, =m) = (Poy+ Po2P24Pas + PosPasPsi) = Ly
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Coeff. of (m,, =m,,) = p,,(L— PPy — PisPs) = L,
Coeff.of (my, =m.) = Pps(@— PruPrs — PsPsy) = Ly
Coeff.f (m,, =mye) =[Po; P20 (1= PisPsi) + PosPasPraPsy + Por Pl =L,
Coeff. of (Mg, =mMys) =[PysPss(L— PraPar) + PozPaaPisPas + PosPis] = Ls

Coeff. of Mgy = p01(1_ Pro = P1aPsr— Pis psl) + Po2 p24(1_ Pa1t Ps1Pg1— Pis p51)
+ pospss(l_ P51+ PiaPs; — p14p41) = LG

Coeff. of m,; = py;(1— PP — PisPs) = L,

[8.19-8.26]
Thus the solution for the steady-state availability is given by
N, (0) _ Moo + by + 1l + sl + Ly + gl
D, (0) e

i=0,1,2,3,4,5,6,7

A, () = Lim A, (1) = LimsA, (s) =

[8.27]
9. BUSY PERIOD ANALYSIS:
(@) Let W, (t) (i =1,2,3,4,5)denote the probability that the repairman is busy initially with repair in regenerative state
Si and remain busy at epoch t without transiting to any other state or returning to itself through one or more regenerative

states.

By probabilistic arguments we have

W, (t) =G, (t) W, (£) =G, (t) W, (t) =G, (t) . W, (t) =G, (t) Ws(t) = G, (t)

[9.1-9.5]
Developing similar recursive relations as in availability, we have

Bo(t)=__zq0i(t) c|B(® : Bl(t)=W1(t)+__Z Gu(t) | c | Bi(D) ;
Bz(t)=W2(t)+__Zqzi(t) c|Bi® Bs(t):W3(t)+'Zq3i(t) c| B(®;
B, =W,0+2, 6® [ | BO i  BO=W0+> & ® [ [BO;
Bs(t) = Geo(®) | | Bo(D) : B, () =07(1) | « Bo(®)

[9.6-9.13]

Taking Laplace stieltjes transformation of above equations; and writing in matrix form, we get
* * * * * * * * / * * * * * /
Ogxs[Bo 1B, B, By B, By, Bs B I =[0OW, W, W, , W, ,W;,0,0]
[9.14]

Where (g, is denoted by [8.15] and therefore D2/ (S) is obtained as in the expression of availability.
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0 — 0oz Qoo —Cos 0 0 0 — 0oy
Wl 1 0 0 — 0y U5 0 0
VAR 1 0 -0y O 0 0
Now N3(8)= [w," o 0 1 0 -Gy O 0
W, Q41 0 0 1 0 — 046 0
W5 —0s; 0 0 0 1 —0se 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

Solving this Determinant, In the long run, we get the value of this determinant after putting S — 0is

N3 (0) = 14 (Po; + PozP24Pas + PosPssPss)
+ 1, Po; (L= PPy — P1s p51) + 1 pos(l_ P1aPis— Pis pSl)
+ 1] P2 P24 (1= PrsPs1) + PosPss PrsPsy + Po1Prsl
+ 5[ Po3 P35 (L= PysPss) + PozPosPis Py + PorPrsl
= by + 1l + by ++pa Ly + sl = Zﬂi L;

i=1,2,3,4,5

[9.15]

Thus the fraction of time for which the repairman is busy with repair of the failed unit is given by:

Zﬂi L

N3(O) _ _i=12345

B, (c0) = Lim B, (t) = Lim B (s) =
t—o0 S

Dzl(o) Zﬂi L
i=0,1,2,3,4,5,6,7
[9.16]
(b)Busy period of the Repairman in preventive maintenance in time (0, t], By probabilistic arguments we
have
W, (1) =B()
[9.17]
Similarly developing similar recursive relations as in 9(a), we have
B, t) = zqoi M) | c B, (t) : Bl (t) = Z i (t) c Bi (t) ;
i=1,2,3,7 i=0,4,5
B,(t)=2.0x() [ | BV : By(t) = 2. 0x(t) | c |Bi(t) ;
i=0,4 i=0,5
B, =2 () [ | Bi(®) ; B;()=>. as() | B ;
i=1,6 i=1,6
B (t) = 0o (t) c B, (1) ; B, (t) =W, (t) + g, (t) c |Bo() ;
[9.18-9.25]

Taking Laplace stieltjes transformation of above equations; and writing in matrix form, we get
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qSXB[BO*’ Bl*’ BZ*’ B3*’ B4*’ B5*’ BG*Y B7*]/ = [010101010’0’01\/\/7*]/
9.26]

Where (g, is denoted by [8.15] and therefore Dzl (S) is obtained as in the expression of availability.

0 —0yu —Cop —Cbs 0 0 0 — 0oy
0 1 0 0 — 04 — 05 0 0
0 0 1 0 — 0y 0 0 0
Now N,(S)= [ , O 0 1 0  —Qy O 0
0 - Q41* 0 0 1 0 - Q46* 0
05, O 0 0 1 —0g
0 0 0 0 0 0 1 0
W, 0 0 0 0 0 0 1

Solving this Determinant, In the long run, we get the value of this determinant after putting S —> 0is

N, 0)= M7 Po7 (1- P14 Pis — Pys p51) = u; L,

[9.27]
Thus the fraction of time for which the system is under preventive maintenance is given by:
* . * ) * N O L
B,” (o) = LimB,” (t) = LimsB,” (s) = 4,( N
t—ow s—0 D2 (O) Z’ul |_i
i=0,1,2,3,4,5,6,7

[9.28]
(c)Busy period of the Repairman in Shut Down repair in time (0, t], By probabilistic arguments we have

W, (1) = G (1)

[9.29]
Similarly developing similar recursive relations as in 9(b), we have
B,M= Yaa® [c| BO 1 BO=2a0O[JBO
B, (t) = __Zqzi ] | B : B, (t) =__Zq3i ] c|B® ;
B,(®)=2, 4.0 ] B o BO=2 &O[] BO :
Be (t) :We (t) + qeo(t) c Bo (t) ; B7 (t) =0y (t) c Bo (t) ;
[9.30-9.37]

Taking Laplace stieltjes transformation of above equations; and writing in matrix form, we get
* * * * * * * * / * /
OexslBs » B, ,B, ,B; ,B, ,B. , B, ,B, ] =[0,0,0,0,0,0,W, ,0]

Where (4,4 is denoted by [8.15] and therefore D2/ (S) is obtained as in the expression of availability.
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0 - qu - q02 - q03 0 0 0 - q07
0 1 0 0 - q14* - qlS* 0 0
. 0 1 0 -q, O 0 0
Now Ng(8)=| o O 0 1 0 —Qy O 0
0 -q, O 0 1 0 —q O
0 - q51* 0 0 0 1 - q56* 0
W, 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

In the long run, we get the value of this determinant after putting S —> Ois

NS(O) = Iuﬁ[pOl(l_ plO - p14 p41_ p15 p51) + p02 p24(1_ p4l+ p51p4l_ p15p51)
+ p03p35(1_ p51+ p14p51_ p14 p41)] = ILIGLG

[9.29]

Thus the fraction of time for which the system is under shut down is given by:

BO3*(oo) = It_im BOB*(t) £ LiT 5303*(3) I, N5 (0) r Hgls

/
D, (0) Z,Ui L
i=0,1,2,3.4,5,6,7
[9.30]
10. Particular cases: When all repair time distributions are n-phase Erlangian distributions i.e.
nr, (nr.t)" e " nrt)’e™
Density function g;(t)= (0 )l' And Survival function G ; (1) = Z( )
n— 1
[10.1-10.2]

And other distributions are negative exponential

a(ty=0e*,b(ty=ne " At)=e* B(t)=e ™"
[10.3-10.6]

Forn=1 g,(t)=re™" , G (t)=e """ Ifi=1,23,4
g,()=re", g,t)=re ", g,(t)=re™, g,t)=r,e™
G ()=e"" .G,()=e"".Gy(t)=e™ , G,(t)=e"™

[10.7-10.14]
Also
e« o _ B L _ v o _ 0
Po1 X1+6?'p02 X1+9’p03 X1+6?’p07 X1+l9’
0 n __ B 0.=— 7
gty By Bay+r
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Do =—2—\ Ppy = — 2 Pro = Py = — 2, Py = —2— Py =—L—
oo+, g+, Y a7 g Y oy, yar)
_n P
p51 ﬁ+r3’p46 ﬁ+r3!
B 1 B 1 B 1 _ 1 B 1 _ 1 _i _i
Ho X1+91/U1 ,3+]/+|’1"uz a—H’z”uS a+r3’#4 }/+I’2”u5 ﬂ+r3”u6 r4uu7 7

where X, = a+ [ +y
[10.15-10.37]
Holo + by + 1Ly + sl + gLy + 15l
(1_ poz pzo - p03 p3o)(1_ p14 p14 - p15 p51) - p01p10 - poz p01 p24 p41 - poa p01 p35 p51

A, (0) = Moo + by + 1L, + g5l + Ly + g5l ,
Zﬂil-i

i=0,1,2,3,4,5,6,7

. _ Zﬂi L d L . i,
Bol (oo) _ _i=12345 Boz (oo) _ H Bos (oo) _ Hs

Z:uiLi | Z:uil-i , L

i=0,1,2,3,4,5,6,7 i=0,1,2,3,4,5,6,7 i=0,1,2,3,4,5,6,7
[10.38-10.42]

Where Ly =1~ PPy — PisPsy) i Ly = Por+ PozPasPar + PosPasPsii L = Poa(L— PryPis — PusPsy) ;
L3 = pos(l_ p14 p14 1 p15 p51) ; L4 = [poz p24(1_ p15 p51) 1z p03 p35 p14 p51 i p01p14] ;

Ls = [ Po3Pss (1_ P14 p41) + Po2P24 P15 Pas + Poy plS] ;
Le T p01(1_ plO T p14 p41 - p15 p51) + poz p24(1_ p41 + p51p41 n p15 p51)

0 p03 p35(1_ p51+ Pig p51_ p14 p41); I—7 3 po7(1_ Py p14 B p15 p51)
[10.43-10.50]

11. Profit Analysis:-

The profit analysis of the system can be carried out by considering the expected busy period of the repairman in
repair of the unit in (0,t].

MTSF= =

Therefore, G(t) = Expected total revenue earned by the system in (0,t] -Expected repair cost of the failed units
-Expected repair cost of the repairman in preventive maintenance -Expected repair cost of the

Repairman in shut down
= Cl:uup (1) — Coty (1) — Cat, (1) — C, 45 (1)
=C,A, -C,B*% -C,B% -C,B% [11.1]

Where 2, (t) = [ Ay (£) dt; 1, (€) = [ B3 (R) dt:; (1) = [ BE (1)t 11 (1) = [ By (Bt
0 0 0 0 [11.2-11.5]

C1 is the revenue per unit time and C2 ) C3,C4 are the cost per unit time for which the system is under simple repair,

preventive maintenance and shut down repair respectively.
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Figure 1: state transition diagram
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