¢ THOMSON REUTERS

N

armax, : February, : -
[Sh *,5(2): Feb 2016] ISSN: 2277-9655
(120R), Publication Impact Factor: 3.785

=+ JESRT

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY
COMPARATIVE STUDY OF TWO STANDBY INNOVATIVE SYSTEMS WHERE
OPERATION OF ALL STANDBY UNITS IS NECESSARY ON THE FAILURE OF
MAIN UNIT
Dr. Upasana Sharma*, Gunjan Sharma
*Associate Professor, Department of Statistics, Punjabi University, Patiala, India
Research Scholar, Department of Statistics, Punjabi University, Patiala, India

DOI: 10.5281/zenodo.46526

ABSTRACT

The present paper gives the comparative study with respect to profit between two models for boiler
working in thermal power plant. The system consists of one high pressure boiler, which is a main unit and
two/three low pressure boilers, which are cold standby units. Model | comprises one main unit and two
standby units and Model Il comprises one main unit and three standby units. Upon the failure of main unit
in Model I as well as in Model 11, all the standby units will start functioning together. The system will be in
failed state on the failure of main unit and any of the standby unit. Comparative Study for MTSF and profit
has been done for both models graphically. The system is analyzed by making use of Semi-Markov
processes and Regenerative Point Technique.
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INTRODUCTION

Standby systems are very popular in the field of reliability. Many authors [ 1 - 9 ] has done significant work
in studying such models and contributed a lot through their research but none of the researcher has studied
the working of boilers in thermal power plant. Our motive of this paper is to fill this gap. In the present
paper, two models has been studied. In Model I, there is one main unit and two cold standby units, whereas
in Model I, there is one main unit and three cold standby units. Upon the failure of main unit in Model I as
well as in Model I, all the standby all the standby units will start functioning together. It has been assumed
that there is a single repairman facility for the system and no inspection is carried out on occurrence of
failures. In case of failure repair preference will be given to main unit. To keep the current system in
operating state functioning of every cold standby unit is necessary. The system will stop working when
main unit and any of the standby unit of the system will fail. Comparative Study for MTSF and profit has
been done for both models graphically. The system is analyzed by making use of Semi-Markov processes
and Regenerative Point Technique.

NOTATIONS

A Rate of occurrence of failure in main unit

M/ Aol Az Rate of occurrence of failure in It/ 11"/ 111" cold standby unit

g(t)/ G(t) pdf/ cdf of times to repair the main unit at failed state

g1(t)/ Ga(t) pdf/ cdf of times to repair the I cold standby unit at failed state

g2(t)/ Ga(t) pdf/ cdf of times to repair the 11" cold standby unit at failed state

ga(t)/ Gs(t) pdf/ cdf of times to repair the 111™ cold standby unit at failed state

gij(t)/ Qii(t) pdf/ cdf of first passage time from a regenerative state i to a regenerative state j or to a
failed state j without visiting any other regenerative state in (0,t]
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SYMBOLS FOR STATE OF SYSTEM

O/ On/ O/ O 1S/ 119/ 11179/ 1V® unit under operation

Su/ S/ Siv 19/ 11179/ 1V unit under cold standby state

Fei/Fun It unit under repair/ waiting for repair

Fri/Funi 11" unit under repair/ waiting for repair

Frin/Fuarin 111" unit under repair/ waiting for repair

FriviFunv IV unit under repair/ waiting for repair

Fri It unit under repair continuing from the previous state
Fri 11" unit under repair continuing from the previous state
Frini 111" unit under repair continuing from the previous state
Friv IV unit under repair continuing from the previous state

STATE TRANSITION DIAGRAM AND VARIOUS RESULTS FOR MODEL |

A state transition diagram in fig. 1 shows various transitions of the system. The epochs of entry into states
0,1,4 and 5 are regenerative points and thus these are regenerative states. The states 2 and 3 are failed
states.
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Fig. 1.1
O Operating State Failed State
The non-zero elements pjj, are obtained as under :
http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology

[806]


http://www.ijesrt.com/

* THOMSON REUTERS

e
44444 Y 1 d
CINLULIINY

vy

Ve o

,l;”

[Sharma*, 5(2): February, 2016]

Pop =1
_ MMl 9 B+ (2)
P12 = PN = Pig
Al g A (3)
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Pog=9 (jj_"‘lz)

Pgo =91 (0)
(2)

Pgo = 92(0)

The mean sojourn time in the regenerative state i ( ;) is defined as the time of stay in that state before

transition to any other state, then we have -

1 1-9" (4 +4y)
Ho =~ M=
A M+ 2
ty ==9"(0) = pig 11y =097 (0) 3)
t5 =—05(0)
Mean time to system failure : T = % (4)
The steady state availability : AR, = % (5)
1
The steady state busy period of the system : Bg = % (6)
1
The Expected no. of visits of the repairman in steady state : Vg = % )
1
Where
N = (po+u4)
D=1-pp
Ny = po+ 4 +k; pl(zzl) +Kg pl(g)
Dy = po + iy +K;y p1(421) +Kg pl‘? C))
N, =k, pl(i) +k3 pl(g)
N = N3(0) =1
k, = [Ga(t)dt ks = [G2(t)dt
0 0
PROFIT ANALYSIS :
The expected profit incurred of the systemis -
PROFIT (R,) = C, AR, — C;Bgr — C,Vg 9
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Co = Revenue per unit up time of the system
C1 = Cost per unit up time for which the repairman is busy in repair
C, = Cost per visit of the repairman

STATE TRANSITION DIAGRAM AND VARIOUS RESULTS FOR MODEL 11
A state transition diagram in fig. 2 shows various transitions of the system. The epochs of entry into states

0,1,5,6 and 7 are regenerative points and thus these are regenerative states. The states 2,3 and 4 are failed
states.
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Fig. 1.2
O Operating State Failed State
The non-zero elements pj;, are obtained as under :
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Po1 =1 Pro=9" (g + 25+ 73)
o _Al-9T Rl o)
12 Ay + Ay + A 15
Aoll=g* (g + Ay +Ag)] (3 .
Py =— P ,123 - b7 Peo =92(0)
. Agll—g" (4 + 4y + 3)] @
14 A+ Ao+ g 17

Pos =9 (0)=Pgg=Py7

Psg = 9; (0)

P70 = 93(0)

The mean sojourn time in the regenerative state i ( ;) is defined as the time of stay in that state before

transition to any other state, then we have -

1 _1—g*(ﬂl+/12+/13)
Ho=7 T vy
Ho =-g"(0) =Hg = Hy Hs :—gik(O)

g =5 (0) #7 =~93(0)

Mean time to system failure :

The steady state availability :
The steady state busy period of the system :

The Expected no. of visits of the repairman in steady state :

Where

N = (m+up)
D=1-pyp

2 3
Ny = o +4 +ky P1(5) +Kg p1(6) +Ks p1(171)

Dy = sy + 4y +K, pl(? +K3 Df? +ky pl(é)
2 3 4
N, =k, pl(s) +Kg pl(s) +K3 p1(7)

N3 = N3(0) = 1

k, = [Ga(t)dt ks = [Ga(t)dt k, = [Ga(t)dt
0 0 0
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PROFIT ANALYSIS :
The expected profit incurred of the system is -
PROFIT (Pz) = COAFO —C]_BR - C2VR (18)

Co = Revenue per unit up time of the system
C1 = Cost per unit up time for which the repairman is busy in repair
C, = Cost per visit of the repairman

ECONOMIC COMPARATIVE STUDY BETWEEN THE TWO MODELS

Comparative study with regarding MTSF and the profitability of the two types of system as discussed in
Models I and Il above is done by plotting various graphs for a particular case when all the distributions are
considered as exponential.

It is clear from the graph Fig. 1.3 that as failure rate of main unit increases the value of difference of MTSF
(T1- T2) decreases. It has also been observed that as the failure rate of I standby unit increases then there is
decrease in values of difference of MTSF ( Ty - T2 ). As the values of MTSF in case of Model | is greater than
that of Model 11 hence Model | is better than Model I1.

COMPARATIVE STUDY OF MTSF V/S RATE OF FAILURE OF

MAIN UNIT (A ) FOR DIFFERENT VALUES OF RATE OF
FAILURE OF IsT STANDBY UNIT( A1)

Az = 0.000025, A2 = 0.000030, a = 0,0085,
kz = 0.0080, k3 = 0.0085, ke = 0.0090

MILLIONS

+— A1=0.000015
< A1 = 0.000020
—+— A1=0.000025
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(19)
Fig. 1.3
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Fig. 1.4 depicts the difference of profits (P1 — P2) with respect to rate of failure of main unit ( A ). We observe
that as failure rate of main unit increases the value of difference of profits ( P1 —P2) increases. It has also been
observed that as the failure rate of I standby unit increases then there is increase in values of difference of
profits (P1 — P2). The difference ( P1 — P2 ) increases since profit (P1) increases more rapidly than profit (P2)
hence Model 1 is better than Model I1.

COMPARATIVE STUDY OF PROFIT V/S RATE OF FAILURE
OF MAIN UNIT (A ) FOR DIFFERENT VALUES OF RATE OF
FAILURE OF IsT STANDBY UNIT( A1)

A2=0,25,A3=0.30,a=0,95,k: =0.80, k:=0.85,
k4 = 0,90, Co= 20,000, C: = 8,000, Cz = 3,000
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Fig. 1.4

CONCLUSION

In the present study, after keeping numerical values for various parameters fixed graphs has been plotted for
comparison of both the models as mentioned in the previous section. A company, industry or any other user
using such systems can adopt exactly the same manner as mentioned above by taking the numerical values
of various rates, costs, etc as existing there for such systems. Thus, the user can earn more profit choosing
the better model on this basis of graphical study.
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