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Abstract

This paper reported the performance evaluation of Captive Power plant working in the fertilizer industry
with possible production capacities. The idea of reduced capacity and load sharing to use the available
system optimally is analyzed. The system works on two STG’s (steam turbine generators) and one
gridline. Gridline can bear the load of one or both STG’s on failures. At the breakdown in gridline
and STG, the system work at reduced capacity. Gridline repaired on a priority basis. The semi-Markov
processses and regenerative point technique are used to evaluate the reliability and economic measures
such as availability, busy period of repairman, and expected no. of repairs. The graphical study shows the
relationships between these measures with the failure rates of STG and gridline.

Keywords: Steam Turbine Generators, Regenerative point technique, semi-Markov process,
Reduced capacity, Reliability modeling.

I. Introduction

Nowadays, Captive power plants are a reliable and beneficial energy source for power-consuming
production industries. Optimizing the operations of the power-producing units in these captive
power plants can boost the industry’s profit. A good number of researchers have worked on
various reliability models with conditions of repair and maintenance. Gupta and Goel [3] studied
a two-unit cold standby system working under abnormal weather conditions. Chandrashekhar et
al. [1], Goyal et al. [2], Parashar et al. [4] have analyzed two and three-unit systems. Rizwan et al.
[5] worked with the reliability of the hot standby industrial system.

Singh and Taneja [7], [8] analyzed power generating systems with various types of inspections.
Rajesh et. al [10], [9] studied gas turbine power plants consisting of two and three units. These
attempts to the literature create a motivation for the present study, to work with the economic
benefits of the captive power plant. The captive power plants are auto producers of electricity,
which operates off-grid or in parallel with gridline to make consistent and quality electricity
supply for industries at reasonable costs. Availability of these power generating units in any
possible way (full or reduced) can make a reliable electricity supply at less cost. Keeping an eye
on the above fact economic analysis of Captive Power plant working in National Fertilizer limited,
Bathinda, India has done.

The present system comprises two STG’s (steam turbine generators) connected in parallel
with the Gridline of PSPCL (Punjab state power corporation limited). These two STGs can fulfill
the electrical load for the system. On failure of any one or both of STGs, the system operates with
the help of gridline. The system will work at reduced capacity when only one STG is working
(one STG and gridline failed). The failure of these three units leads to complete system failure.
Repair of gridline is done on a priority basis among all units, whereas the FCFS repair pattern is
applied on both STGs. The reliability measure MTSF (mean time to system failure) and economic
measures such as availability, a busy period of the repairman, and expected no. of repairs have
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been derived using the semi-Markov processes and regenerative point techniques numerically.
Also, graphical plotting was performed for these measures.

I. Assumptions for the model

¢ All failure time variables follow exponential distribution but repair times distributed
generally..

¢ Every repaired unit works as new one.

¢ In the given model system initially started working from state Sy.

II. Nomenclature & Model Description

I. Notations & abbreviations

Notations Discription

M :  Constant failure rate of STG 1.

Ao :  Constant failure rate of STG 2.

Az : Constant failure rate of Gridline.

oy :  Repair rate of STG 1.

ay ¢ Repair rate of STG 2.

a3 ¢ Repair rate of Gridline.

Gi(t), g1(t) c.d.f. & p.d.f of repair time of STG 1.
Ga(t), g2(t) c.d.f. & p.d.f of repair time of STG 2.
Gs(t), g3(t) c.d.f. & p.d.f of repair time of Gridline.

a probability of transit from Sy & Sg to S3 respectively after repair .
b :  probability of transit from Sy & Sg to S, respectively after repair .
© :  Laplace Convolution.
® . Stieltjes Convolution.

%/ % % . Laplace Transformation/ Laplace Stieltjes Transformation.
M;(t) :  Probability that system is working at state S; during the time interval (0 — ¢].
W;(t) :  Probability of repairman repairing at state S; during the time interval (0 — t].

II. Symbols for States

Symbols for the states of the system:-

S; : States of the system with numberi, i =1,2,3,...8.

Oy, Oqy1, Oyqp = STG 1, STG 2, Gridline from PSPCL are in operating state.
CSjpp : Gridline (PSPCL) in cold standby state.

Fry, Fryp, Fryp 0 STG 1, STG 2, Gridline under repair.

FRy, FRyy, FRypp : STG 1, STG 2, Gridline under repair from previous state.
Fwr}, Fwryy :Failed Units STG 1, STG 2 waiting for repair.

III.  State Transition Diagram

Figure [1} shows the state transitions diagram of the Captive power plant consisting of two
STGs and one gridline from PSPCL. The states Sy, S1, Sz, S3, S4 are operating states. The states
S0, 51,52, 53, S4, S5, S¢, Sg are regenerative states. The states Ss, S¢ are reduced capacity states. The
states Sy, Sg are failed states. Table 1| shows the description of every state of the system.
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Figure 1: State Transition Diagram

Table 1: State Discription

State notation  States Discription

So This is the initial full capacity working state where both STGs are
working. Gridline is in a standby state.

51 System working at full capacity where STG 1 and gridline are
working. STG 2 is in a failed state under repair.

Sy System working full capacity where STG 2 and gridline are work-
ing. STG 1 is in failed state under repair.

53,54 System is operating at full capacity with gridline. Both STGs are
in a failed state.

Ss System operating at reduced capacity where only STG 2 is working.
STG 1 and gridline are in the failed state.

Se System operating at reduced capacity where only STG 1 is working.
STG 2 and gridline are in failed states.

Sz, Sg These are failed states where all units are in a failed state.

IV. Transition Probabilities & Mean Sojourn Times

pij represents non-zero elements which are given below The non zero elements p;;’s are given as:

M Ay .
- = : —gi (A3 + A2),
PO =3 A P2 =300, P10 =81 (A3 +A2)
P13 Tt 1—g7(A3+A2)], P15 T, 1—¢7(As+A2)], P20 =¢5 (A1 + A3),
_ M * _ A3 x e
Pa =3 [1—g5(A1+A3)], P2 =37, [1—g5(A1 +A3)], Py =1 (A3),

pas =[1 —g1(A3)],
ps1 =83(A2),

Py =bl - gi(A)),
P =all - gi(A)),
pss =b

pa1 =85(A3),
ps7 =1 — g3(A2)],
Pe2 =83(M),

%) =b[1 - g5 (M),

358

pas =[1 — g5(A3)]
piy =all - g5(A2)],
pe7 =[1 — g3(M)],

ps3 =4a,



Upasana Sharma, Avtar Singh RT&A, No 2 (68)
ANALYSIS OF CAPTIVE POWER PLANT WITH REDUCED CAPACITY Volume 17, June 2022

The mean sojourn time y; corresponding to regenerative state i’ is given as:

1 1 1
= = ]_ — of )\ )\ ’ - 1 - < /\ )\ 7

M=, 1 /\3+/\2[ 81 (A3 +A2)] 12 A1+A3[ 95 (A1 +A3)]

1 . 1 . 1 «
Hs =—[1-g1(A3)], Hy =—[1-g5(A3)], ps =—[1—g5(12)],

Az A3z A

1 . y
He :)Tl[l —g3(M)], Hs =—g3 (0)

The unconditional mean time m;; required by the system to transit from state '’ to any regenerative
state 'j’ when time is counted from the epoch of entrance into the state 'i’ is mathematically stated
as:

mis = [ 14Qij) = a5 0) )
So we have
mo1 + Moz =Ho, mip + M3 + mis =p1, MMog + Moy + Mog =H, m3) + mzg =3,
Mgy + mMyg =My, msq + mé? + méi) =k, Mep + mé? + mé? =k, Mgz + Mgy =g

III.  Reliability and Economic Measures for System Effectiveness

I. Mean Time to System Failure (MTSF)

Assume ¢;(t) as a distribution function of variable time (t) lapses during the system transition
from a regenerative state S; to any working or failed state where failed state act as an absorbing
state. By probabilistic arguments, the following recursive relations are obtained:

Po(t) = Qo1 (1)O¢1(t) + Qo2 (t)O¢a(t) 2)

P1(t) = Quo(H)O¢o(t) + Qu3(t)S¢s(t) + Qui5(t)Os(t) ®3)
$2(t) = Qoo (t)O¢o(t) + Qoa(t) s (t) + Qa6(t)SOPs (t) 4)
¢3(t) = Qa2(H)O¢2(t) + Qas(t) ®)

¢4(t) = Qu (H)O¢1(t) + Qus(t) (6)

¢5(t) = Qs1(H)O¢1(t) + Qs7(t) 7)

P6(t) = Qe (H)O2(t) + Qe7(t) 8

Transforming the equations(28) using Laplace Stieltjes Transformations to get ¢} *(t). Mean Time
to System Failure Ty at steady state S, is given by

1= (S
Using L” Hospital’s rule here, we get
To=N/D (10)
where
N = po(1 — p15ps1 — P2sPe2 — P15P26P62P57 + P13P24P32P48 + P15P26P62 — P24P13P32)
+ p1(—pe2p2spor + poap2apar + Por) + H2(—Pps1Po2p1s + P13ps2por + po2) + Ha(p13por
— P13P01P26P62 + P24P02P13P41) + Ha(P2aPo2 — P24P02P15P51 + P13Po1P24P32) + Ms(Pispor
— P15P01P26 P62 + P2aPo2P15Pa1) + He(P2sPo2 — P15P51P26P02 + P13P01P26P32)
(11)

and

D =1+ ps1p2sP15Pe2 + P51P02P20P15 — P15P51 — P26P62 + Pe2P26P01P10 — P13P32P24P41
— P13P32P01P20 — Po2P10P24P41 — Po2P20 — Po1p1o (12)
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II. Availability Analysis at Full & Reduced capacity

Let A (t) notates the probability that system is available with full capacity to perform its intended
task at a regenerative state S; at time t = 0. The availability of system at successive regenerative
state S]- (j =1,2,..6,8) is independant from its previous transitions made. This phenomenon
follows the theory of regenerative process techniques [6]. Thus following recursive relations are
obtained:

AL () = Mo(t) + qo1 (NOAF (1) + qoa ()AL (1) (13)
AF() = My () + g0 (DA (£) + g3 (DOAL (1) + q15(£)©As 1) (14)
A5 () = Ma(t) + q20(H)OAG (t) + G24 () QAL (t) + q26 (1) ©Ag (1) (15)

AL() = Ms(t) + qz2(£)OAL (1) + qas (O AL (1) (16)

AL() = My(f) + qa1 (OAF (1) + qus (AL (1) (17)

AE() = gs1(NOAL (1) + 5 (N@AL (1) + 437 (AL (1) (18)
L(t) = gea(DOAL(H) + 95 (NOAL (1) + 4} (@ AL (1) (19)
AL (1) = g3 (DO AL (1) + gss (OAL (1) (20)

Where

Mo(t) = e*(/\lJr/\z)thl(t) —_ e*(/\lJr)\z)tGl’( ) Mz( ) e (A1+/\2)tG ( )
Ms(t) = Aa)tcl( 1), My(t) = e—(/\3)tG2‘(t)

Transforming the equations(13}20) using Laplace transformations to get Af*(s). we have

A (1) = lim(sA*(5)) e1)

s—0

The steady state availability Ajj of the system having full capacity is given by:

F _ tim AF

= A =
Ag =lim Ay (f) = N1/Dy (22)

where

N1 = pol(p15ps1 — 1)(paspa2pes + (1 — pe2pas) (Paspss + psabas) + paspea(l + P15Pé471)P41P38)
— psapaap32pas — 1) + (1 — P&P%)((P%Pé?}’w - P84Pg)l715 — P8ap13)P41P38)

— Psap32p15P26P51Pas(1 — pea(1 — Pg))) - (1- P26P32)P15Pé471) pa1 — Pg;) P32paepa1(p1s + P15Pg;))
— p2ap32Par(p13 + PlSPé?)] + m1[po1((1 — psapas — psapss) (1 — paspea) — Pé?l’?azpm(l — Psapas)
— psapaspa(paa+ pYy p26)) + poa((pes Parpas + paapar) (1 — psspas) + psapis paipaspss)]

+ p2[po2 (1 — ps3pss) (1 — pisps1 — PlSng) pa1) — psapas(l — psip1s) — PsaPasp13Pal)

+ po1 P32((P15Pg,) + p13) (1 — psapas) + P15P5(-,471) ps3pas)] + u3[(1— P62P26)(P15pé? po1 + po1p13

— Po1Psap13pas) + (P%Pé? - P83Pg1)) (P15P51P02P26P48 — Po2P26P48) + Pe3p24po2pas(l — pispsi)

— P15P26P02P41 (Pg;) Pg(-,? - pé? pé?) + pispo1 P48(P83P5(;Z) - PmPé?) + P32P02P26 — PlSPZéPé? Ps1P02
7) (7) — —
+ Pes P02P41P13P26 + P24P15P02P41 P55 + P2aPo2paip13] + pal(1 — psapss) (P2aPo2 — P2apispsipoz
- PlSp:(sZL) ps1pPo2p26 + Pg;) Po2pP26 + P15P01 Pg;)) + (P13P15Pé§))(l’01 P24P32 + po1 Péi) P32P26)
(7) _ 1_ (7)
+ p15P8aps; P38(P01 P02P41) + P84P63P02P26P38( P15P51) + Po1Psy Pw(Pze(Paz(PsaP%

~1) - pDp2))] (@3)
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and

= po((1 — psapas) (P2apa1p10 + a1 Péi) P26P10 + P20 — P51P20P15) + Pat PwPasto(PsaPéZ) -

P84Pé¢75)) — psap20pas(1 — p1spst) + par P84P26Pé? paspi0) + t1(pa1psapss(l — paspe2) + P32po1p20
(1 — pgapag) + p32p2apar + p32par Pg;) P26 — Pa1psapaspo2p20+) + p2(pa2psspas(1 — po1pio)

+ parpo2pio(1 — psapss) + P32Pé? Pa1P15 + p32p13pal — Pa2pi5paspsipss) + Ha((1 — paspe2)
(pu P84P15Pé? + Pa1P8aP13 — Po1P10Ps3 + P83 — Ps3P51P15) — P4l PSSPéZ)PB(l — po2po2)
25 P84P02P20(P13 + Pé?ﬁw) — P24P41P83P02P10 — P41 Péz) p83p26P02P10 + P41 PSBPéZ)P15p26P62
+ p83ps1pP15P02P20 + P41P84P26Pg) po2P10) + Ha(pa2p2aps3(1 — pispsi — po1pio) + psa(l — poipio
— P26P62 — P15P51) + P32P84P15P26 P51 Pé? + P32P83Péz);715p01 P20 — P32Péi) P26P15P51P83
+ Paap2sPe2(P1spsi + Porpio) — Pa2Psapoi P2o(Pss P15 + p13) — Psapoapao(1 — pisps)

+ (1= po1 p10)(P3ng) ps3p26 — P32P84P26Pé?) + k1(pa1psapispas(1 — paspe2 — Po2p20)

+ P32p24P4a1P15 + P32P01P20P15 + P32P4al Pg;) P26P15 — P32P15P84Pa8P01P20) + k1(p32psapaspas(l
— poip10) + parp2epo2pio(1 — ps3pss) + P32P41Pé? P26P15 + p32pa1p2ep13) + Hs((1 — pispsi)
(P32p24Pas — P38P02P20) + P32PeaP26Pas(1 — poipio) — par Pg(;i)P15P38(1 — Po2p20 — P%Pé?)

+ pas(—P26Pe2 — Po1P10 — P15P51) + P2sPaspPe2(P15Ps1 + Po1P1o) — Pa1paspozpPio(paa + PZ) P26)

— P32P24P48P01P10 — Pszpé? Pa6P15pPasps1)  (24)
Let AR(t) notates the probability that system is available with reduced capacity to work at a

regenerative state S; at time ¢+ = 0. The following recursive relations are obtained using the above
described argument of regenrative process techniques:

AR (1) = qor (NOAR (1) + qoa (NOAR (1) (25)

AR() = q0(H)OAL (1) + q13(H)OAX () + g15(HOAK (1) (26)

AR (1) = q20(1)OAL () + qoa (1) OAF () + qo6 (1) QAL (1) (27)
AR(H) = g32(OAR(1) + 735 (@A (1) (28)

AR () = qua (DOAR (1) + qus (NOAR (1) (29)

AR(H) = M5(t) + 51 (NOAR (1) + g5 (N@AR (1) + 4f]) (heAR (1) (30)
AR () = Mg(t) + 62 (NOAR (1) + g5 (N@AR (1) + 4 (h@AR (1) (31)
AR () = gs3(NOAR (1) + 34 (@AR (1) (32)

where
Ms(t) = e~ M'G3(t), My (t) = e~ MEG3(1)

Transforming the equations(2532) using Laplace transformations to get AX*(s). we have
AR () = lim(sAR () (33)
s—0
The steady state availability AX of the system having reduced capacity is given by:

AR =lim(sAR*(s)) = N,/ D (34)

s—0
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where

Na = ps(p24p0o2pP15P41 — P15P01P26P62 — P15P01P38P83 — P84P15P01P48 — P15P01P26P32P63
+ Péi)}’15p4l P26P02 + P15Po1 — PéZ)P15P41 P26P02P38P83 — PéZ)Pme P26P32P83P48

+ Psapispa1 P26P02P38Pé? + P84P15P02P26P32Pé? P48 + P15P01P26P62P38P83 — P24P02P15P41P38P83
+ P8aP15P01P26P62P48 — P24P32P83P15P01P4s) + Me(P26P02 — P26P02P3sPs3 + PasP32P13P01
— P15P51P26P02 — P84P26P02P48 + P15P51P26P02P38P83 + P15P01 P26P32P5(3? + Pé?l’wpzn P26P02P38P83
+ Pé?PlSPOl P26P32P83P48 + P8aP51P15P26 P02 P48 — P8aP15P41 P26P02P38pé? — Ps84P15Po1 P26P32Pé? P48
— P84P26P02P38P13P41 — P8aP26P32P13P01P48 — pg})PleMl paspo2) (35)

and Dj is already specified in equation

III. Busy Period for Repairman

Let B;(t) notates the probability that the repairman is busy on the job when the system is at a
regenerative state S; at time t = 0. Using the probabilistic arguments as described above, The
following recursive relations are obtained:

Bo(t) = qo1(t)©By(t) + qo2(t)©Ba(t) (36)

By (t) = Wi(t) + q10(t)©Bo(t) + q13(t)©B3(t) + q15(t)©B5(¢) (37)
Ba(t) = Wa(t) + g20(t)©Bo(t) + 924 (£)©By(t) + q26(#)©OBs () (38)
B3(t) = q32(t)©Ba(t) + q3s(t)OBg(t) (39)

By(t) = qa1(t)©By (t) + qas(t)OBs(t) (40)

5(t) = Ws(t) + g1 (1)OB1 (1) + 55 ()©B3(t) + g5y (+)OB4(1) (41)
Bs() = Ws(t) + gea(£)OB2() + g3 (/OB (t) + 4 (/©Ba(t) (42)
Bg(t) = Ws(t) + qs3(t)©B3(t) + qsa(t)©By(t) (43)

Where

Wo(t) = e~ MH2)t W (1) = e~ MHAEG(1), Wy () = e~ MiHA2)EG, (1),
Ws(t) = e~ M'G5(t),
We(t) = e~ M)'Gs(t), Wa(t) = (a+b)Gs(t)

Taking Laplace transform of equations (36{{43) we get B"(s).
we have

Bo(t) = lim(sB; (s))

s—0

Expected busy period of a repairman is given by

By = lim(By(t)) = N3/ D (44)

where

N3 =111 [(stpéi) + p24) (Po2pPa1 — Pa1Ps3PasPo2 — Ps3P32pasPor) + (Psapas + psapss)

(Ps2P26P01 — Po1) — Pé? p32p26p01 (1 — peapas) — por (Pe2p2e — 1)] + pa[(1— P84P48)(pé17’>) P32P15P01
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+ p13p32po1 + po2 + Pi5psipoz2) — psapaspoz(l — psipis) — par P15P38P02(Pé? pss + P83Pg;))
+ PlSPéZ) (Psap32paspPor — Pa1Po2) — pa1P13pPsapaspoz] + Hs[(1 — peap2s) (P15P01 — PsaP15PasPo1
— ps3pispo1pss) + (1 — P84P48)(_Pé? P32p15P26P01) + (P02p41p15r726pg;) + Po2Pa1P15P24)
(1 — psapas) + Pispas(paipes psapaspor — psapaapey paspor)] + pe[(1 — pispst) (—poapsapaspas
— Ps3P26P38P02 + Pozpzé) (1- P84P48)(P5(-,? P32P15P26P01 P13P32P26P01) + P83P32P15Péi) P26P48P01]
+ us[(1 — psap2s) (P13Po1P3s + Pé?}?lspomss) + (1 = p15ps1) (Po2p24Pas + Pongx) P26P4s
+ Pg) P26p3spo2) + (P24 + PZéPé?)(pBPBZP% po1 + Pg) P32P15P48P01) — PlSPZépgx) pagpoi1 (Pe2
+ Pés) p32) + par P15P26P38P02(P5(;3) Pé4) - Pg) Pé4)) + PlSPéZ) pagpo1 + P41P13P26 Psspé? po2] (45)

and D is already specified in equation

IV. Expected No. of Repairs

Let V;(t) notate no. of repairs performed by repairman in the time interval (0 to t] when the
system is at regenerative state S; at time t = 0. The general formula for V;(t) is given by

vi(h) = ¥ O (®la; + Vi(b)] (46)

]

Where Qj;(t) is the probability of system transition from the regenerative state i to regenerative
jand a; = 1 if the repairman starts new job at regenerative state j, otherwise a; = 0. Using
Equation 46| the following recursive relations are obtained:

Vo(t) = Qo1 (H)®[1 + Vi(t)] + Qo2 (H)O[1 + V2 ()] (47)
Vi(t) = Quo(t)®WVo(t) + Quz(t)®Va(t) + Qi5(H)OV5(t) (48)
Va(t) = Qao(t)®Vo(t) + Qoa(t)®Va(t) + Qo6 (£)OVs(t) (49)
V3(t) = Qa2(t)®Va(t) + Qas(t)®OVs(t) (50)
Vi(t) = Qu(H)®Vi(t) + Qus(t)®Vs(t) (61)
Vs(t) = Qs1 (NOVA (1) + QF (V3 (1) + Q) (H@Va (1) (52)
Vs(t) = Qea(HOVa (1) + QLF (NOVA() + QL (HEVa(t) (53)
Vg(t) = Qs3(H)®V3(t) + Qsa(t)®OVa(t) (54)
Taking Laplace Stieltjes Transformations of the equations to get Vo™* (s).
we have
Vo(t) = Lim(s5™(s)) (55)

The expected no. of repairs by repairman are given by
VO = hm(VO(t)) = N4/D1
t—0
where

Ny=(1- PlSPSl)(P38P83P26P62 — P24P32P83P48 + P8apasP26Pe2 — Péz) P26P32P83P48 — P26P62

— psapas — Psapas + 1) + (1 — paspe2) (—psapasp1apar + Pg(;i)P15P41 P3sPss — PsaP15Pal P38Pr£',?

- Pé?i’lSPzn) + stpazpé? (Pé? P15P41 + P15P51 + Psapas — PsaPaspPispst — 1) — Pé?PlSPAH P%Psng)

- pé? P26P32P13P41 — P24P32Pé?i715p41 — p2ap32p13p41 (56)

and D is already specified in equation
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IV. Profit Analysis
The expected total profit per unit time incurred to the system in steady state is given by
Py = CoAl + CLAY — CBy — GV (57)

Where

Cop = revenue per unit up time at full capacity.

Cy = revenue per unit up time at reduced capacity.
Cy = cost per unit time when repairman is busy.
C3 = cost per repair.

V. Particular Cases

For evaluation of above described various system performance measures and their graphical
representation, the following particular cases are considered, where distribution of repair times
has been taken as exponential. Let us assume that g1 (t) = aje 1%, o5 (t) = age %2, g5(t) = aze %!
and remaining distributions same as in general case. Therefore we have

M A _ X _ A2
Po1 _)\1 A, Po2 —/\1 A, P10 _7A2+)\3+0¢1' P13 _7/\2+/\3+a1’
A o A A
P15 =2 P20 =2 P24 A — P26 =
Ay + Az 4+ aq A+ A3+ M+ Az +ar M+ A3+
! M ) A3
P32 BT P38 Thatar pPa —r Ay P48 Tt
_ a3 __ M 7 _ A2 (7) _p_ M2
P51 _0C3+/\2’ p57_/\2+063/ Ps3 _a[ﬂé3+/\2]/ 54 — [DC3+/\2]
@) M @) . M a3 M
Pe3 _a[zx3+)\1]’ 64 _b[zx3+/\1} P62 Tas+ Ay p67_/\1+a3
1 1
ps3 =4, psa =D, Po=7—""—, W=
AL+ A Ay + Az 4+
1 1 1 1
AC I P P SR S P A
1 1
'u6_)L1+tX3’ M _073

Estimation of Parameters

The various parameters regarding failure and repair rates involved in our studies are estimated
as follows in table

Table 2: Failure & repair rates

Various rates corresponding values

Failure rate of STG 1 (A4) 0.00043/hr
Failure rate of STG 2 (A) 0.00043/hr
Failure rate of gridline (A3) 0.0067/hr
Repair rate of STG 1 («4) 0.0065/hr
Repair rate of STG 2 («3) 0.0063/hr
Repair rate of gridline (3)  0.34/hr

The various costs/revenue amounts involved in our studies are assumed hypothetically. The
computed values of Various reliability measures for system performance are given in table
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Table 3: Evaluation of various system effectiveness measures

Mean time to system failure 39140 hrs.
Availability of the system at full capacity 0.50093/hr
Availability of the system at reduced capacity  0.001044/hr
Busy period of repairman for repair time only ~ 0.12964/hr
Expected no. of repairs 0.000350/hr

VI. Results and Discussion

MTSF VS FAILURE RATE OF STG 1 (4,) FOR
THE DIFFERENT VALUES OF FAILURE RATE
OF STG 2 (1;)

AT FAILURE RATE OF GRIDLINE
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1200300 +
I —m— 12=.00023
& SRR A2=00063
T
I
Ex 100300 +
g
=
50300 +
300 . . : : : f : : : . ! i
o -+ o m m " m m " -
- Ll m o wn o - @ e =
o o =] =] =] =3 =) = = =
L= (=] =1 = =1 = P=1 = = .
¢ & © & @& & © &8 o *©
[=] (=1 =1 =] =1 = a o o
FAILURE EATE ( 4;)-——— 5

Figure 2: MTSF vs (A1)Failure rate of STG

PROFIT VS COST PER UNIT UP TIME OF THE
SYSTEM(C,) FOR THE DIFFERENT VALUES
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Figure 3: profit vs cost per unit up time of system
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The figure |2} indicates that MTSF decreases as the falure rate of STG 1 increases and also
gives lowering values for the greater values of failure rates of gridline. The graph in figure
interpreted that the profit increases with increasing the cost per unit up time of the system and
decreases when failure rate of the STG 1 increases.

Table 4: Cut Point for profit w.r.t. Revenue per unit up-time of the system.

Failure rate of STG(/hr) Revenue per unit up time(Cp) (Rs.) Profit (Rs.)

A1 = .00034 Co < or =or > 16l negative or zero or positive
A1 = .0034 Co < or =or > 380 negative or zero or positive
A1 = .034 Co < or = or > 606. negative or zero or positive

VII. Conclusion

In this paper self electricity generating System is Studied. The graphical study reveals the negative
relationship between failure rates of units of captive power plant and profit gained by the plant.
Adding the working of system at reduced capacity results in increasing its availability and profit.
The derived results enable us to find acceptable values of revenue per unit up time of the system
corresponding to failure rates of units of system. By using this analysis and graphical
representations one can procure various system effectiveness measures for similar electricity
generation plant.
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