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ABSTRACT

The present paper is an attempt to compare twallsyasystems consisting of two compressor units eloere
compressor is in operative state and other is amdity state at initial stage. In Model 1 prioriy given to failed
compressor unit whereas in Model 2 there is no ephof priority. Any major failure or annual maintance brings the
operating unit to a complete halt. It has been feskethat the unit can fail due to various typegadifires which can be
categorized as serviceable type, repairable tygereplaceable type. For availability analysis of tmit real failure as
well as repair time data from a milk plant haverbeellected and measures of unit effectivenessvailability and mean
time to unit failure for both the models has beemputed graphically as well as numerically by ussggni-Markov

process and regenerative point technique.
KEYWORDS: Compressor Unit, Regenerative Point Technique,ifgefition System, Semi-Markov Process
INTRODUCTION

In a field of reliability standby systems have bekstussed by various researchers including [1rdlen various
assumptions/considerations. For graphical studyy ttave taken assumed values for failure and reptgs, and not used
the observed values. However, some researchergdingl [5-8] studied some reliability models coliagt real data on

failure and repair rates of the units used in syste

A potential application of the reliability concegtas been recently explored in terms profit analgéia two unit
standby oil delivery system with off line repaicilily when priority is given to partially failednit over the completely
failed unit for repair and system having a provisaf switching over to another system and theretlyiewing some
reliability measures of the delivering system efifeeness which in turn are meaningful in underditagy the profit

analysis of such system by Rekha Narang and Up&isarana .

Getting inspiration from the above concept the @népaper is thus a attempt to, to compare twalbtanystems
consisting of two compressor units where one cosgmeis in operative state and other is in stargiate at initial stage.
In present paper two unit standby model are deeeldyy considering the real failure situations gsicted in the data for
analysis. For this purpose, a refrigeration systesad in milk plant is identified. In milk plant'®frigeration system
compressor plays an important role. Any majowfailor annual maintenance brings the operatingtardtcomplete halt.
It has been observed that the unit can fail dueatious types of failures which can be categoriasdserviceable type,
repairable type and replaceable type. Initially an# is operative and the other is standby .Orfafiare of operative unit

,it can be serviced ,repaired and replaced depgngion type of failure category.
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For availability analysis of the unit real failuas well as repair time data from a milk plant haeen collected
and measures of unit effectiveness i.e. availghglitd mean time to unit failure has been computagtgcally as well as

numerically by using semi-Markov process and rergive point technique.

Abbreviations and Acronyms

0] Operative Unit

Ay Failure rate when failure is of seedble type for first and second compressor respygti
A2 Failure rate when failure is of rephleatype for first and second compressor respdgtive
haihzs Failure rate when failure is of replalske type for first and second compressor respagtiv
a,,,0,,,0,

Repair rates when failure is of serviceat#pairable and replaceable type for first compnesso

Gn(t),gn(t)' Go1(1).9:.(1) ¢ g, fand p. d. f of time for service when fadlus of serviceable type for first
compressor and second compressor respectively

Gio(1).9:2(1)  G22(1).9::(1) ¢ . fand p. d. f. of time for repair when faduis of repairable type for first
compressor and second compressor respectively

Cis(1),815(1)  Gos(1).955(1) ¢ d. fand p. d. f of time for replacement wheituire is of replaceable type for first

compressor and second compressor respectively

Q; () cumulative distribution function (c. d. f) déifst passage time from a regenerative state idotp a failed
state j in (O, t].

@ (t) c. d. f of first passage time from a regenesdit¢e i to a failed state j.

Figure 1: State Transition Diagram (Model 1)

Transition Probabilities and Mean Sojourn Times

A state transition diagram showing the variousestaif transition of the system is shown in Figur@te epochs
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of entry into states 0,1,2,3 are regenerative st&wtes 4, 5, 6,7, 8, 9,10,11,12 are down stétesnon zero elementg p
are given below:

A A A
1 42 S 4 g ) )
P-:lz;_wp-nz = r ' Pos :—Itnere/ =y Ay A Py —an'(" ) pw—cl“(" )i by = 3'.("".)“”9?'9""—"-11+"-11+"-13

.pJ'J.p;IE :%(1_31’3(’1));}7:3'40;14 = '(1_" 2(A)); Py, Pl :_'(1_" (2 )0, P P11 = '(1_311“ ) ps P114 —%fl—féflfﬁ )]

.plé‘pfl:' :_(1_311(’ j.jlpsl-aﬂp;is 1'(1_0 s(A)) Py P 14 :_(1_5 S(A)): P P1 :_'(1_0 S(A)) Py + P+ Py +P1s—1

Pyt P?-., + P._J._q + P_L._E =Lpy 4 pptpytpy=Lpy+ PJ-_IS + PJ ut P:_ls =Lp P ¥ Pt =Lpgt P3_13 + p3_14 + Ps_lls :1

The mean sojourn time {Lin the regenerative state ‘i’ is defined as tiofestay in that state before transition to
any other state:

1 1 1 1 - -
Ho = My = My = Ms = My =] Gar(t)dt g = | Goo (t)dt
° /111+/]12+/113 ! /]21+/122+/123 : /] 21+/] 22 /] 23 ¢ /1 Zi'-/l 2?-/1 23 ‘ j(: ® j.
He = [Gaa(t)dt,u, = [ Gar(t)dty, = [ Gaz (1)dtp, = [ G t)dt/,zm_j G (1)dty,,= [ Go (1)0p,,= j A t)dt
0 0 0 0 0

The unconditional mean time taken by the systetratusit for any regenerative state ‘|’ when it (@ms counted
from the epoch of entrance into state ‘i’ is mathéoally state as:

mij = [taQ ()=, (0
1 . . .
n81+naz+ﬂa;=(7)=#om+ R FEL A e o (40w (A
Mean Time to System Failure

To determine the mean time to system failure (MT&HRhe system, we regard the failed states ofjfstem as

absorbing states. Now mean time to system failMifESF) when unit started at the beginning of staie 0

MTSF= = lim-— >/ Q**(S) g
ey ZNGS)
a5) =

Where NsF @(s) @5(s) + @1(s) @hi(s) + @s) @fs) + Fs) *Xp) + &F(s) s)+ Hs) Gs) + X)) "B)
HZ,"(8)B5(S) +@ ()8 ™(S)
X(s)=1-@,"(8),"(s) ~ @ (s) Br¥(s) — (s) B(s)

where N= 8907 48098® = .06391011¢

MTSF=13973.51263 Hrs
Availability Analysis

Let A (t) be the probability that the system is in upsttinstant t given that the system entered regéne state
i at t=0. In steady state availability of the systis given by
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A=lin(sA (s)FN, /D
where
N =44, =4+ Pt Gy A W Poflt fi= G @ W (P f= 918 ) Miad PPty PP PP D MubPr B 5P

(R Bt Pl Pealls)
N, =8617.718028D,=13998.305227407

Availability =.6156

Model 2
Model Description and Assumptions
e The unit is initially operative at state 0 andtisnsition depends upon the type of failure catggorany of the

three states 1 to 3 with different failure rates.
» All failure times are assumed to have exponentgtidution
» After each servicing/ repair/replacement at stdtesunit works as good as new.
»  Priority given to failed unit for service, repaimdareplacement.
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Figure 2: Transition State Diagram (Model2)
Transition Probabilities and Mean Sojourn Times

A state transition diagram showing the variousestaif transition of the system is shown in Figur@He epochs
of entry into states 0,1,2,3 are regenerative st&tates 4, 5, 6,7,8,9,10,11,12 are down statesndn zero elements p
are given below The mean sojourn time) (p the regenerative state ‘i’ is defined as tiofestay in that state before

transition to any other state:

A A
Py ;twpm Z»»poa

&3 £ 3 ® ® 127! ® £ 3
%»pm =gu( ). px = gu(A). P = 85( A1), Py :71(1_3*11(1))»“’}?9'9‘1 =Ay+hg H A5, A=Ay +Ap + Ay
o i Aoy e y s . Ay e . e Aoy e
Py =—=(1-g5(A)), Py == (1-g5( A )p, == (1-g, (7)), P =7T(1—g.11(/-._yp:5 ==(1-gu(A), Py, =—(1-gu(4))
A A A L A A
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A -
P31 = ; (1—z:0AN
U My = i,u =—1, =—1 T Gor (t)dtu =T?322(t)dty =fﬁg(t)dp =fiGu(t)dt,u =T*GZ (t)c
0 /1 /1 2 A 3 /1 ) 5 6 ) 7 ; 8 ;
o = [ Gas(t)dt g1y = j Gar (t)dt g1y, = IGzzu)dwu Ist(t)dt
0

The unconditional mean time taken by the systetratusit for any regenerative state ‘|’ when it (@ms counted

from the epoch of entrance into state ‘i’ is mathéoally stated as:

mJ—jtdQ(t)-—q.,'*(O)nal+naz+r@s—u) fo o v B BE a6 TgAC g T m T (8

Mty + me+ m=u,1- g4 )yt tar W Hre " )m o m | m 15G,(A)

Mean Time to System Failure

To determine the mean time to system failure (MT8F)he system, we regard the failed states ofsfstem

absorbing. Now mean time to system failure (MTSRgmunit started at the beginning of state

. 1-@,*%s) N
MTSF:'I;:?_%—:B
s
V
0,#4s)=%) (s)
D(s;

Where N(s) =0y, *¥(5 )0, *¥(s )40y (5 )0, ¥¥(5) +0 ¥ )O, , *¥(5) 40y, *¥(5)0,, ¥¥(5 )+ 0y, *¥s )0, ¥¥(5) +
Oy, ¥ 5 )0, ¥¥( 5 )4 Dy ¥¥(5 )y, ¥¥( 5) 4Dy ¥H( 5 )05 ¥5(5 ) 4D, ¥ (5 JO g ¥ 5)
D{S’) :1-‘00: * *(S’Jﬂm **I'.SJ)"'@,’_;: **(5)033 **{5}_(‘3&5 **(3_)9:,.] **{5‘)

where N= 8907 48098D = .06391011¢
Mean time to unit/compressor MTSF =13937.512 hrs
Availability Analysis

Let A (t) be the probability that the system is in upsttinstant t given that the system entered regéwve state
i at t=0. In steady state availability of the systis given by

A=lim(s4 (s)EN, /D
where

N =£4PoPo Pt P~ G )PPt PY = 0 )PPh B O)PiPn

D =(4(1-Gy )=y )PPt U= Gy » Mo)BoPE A & Gis) Mp)PoBs MyRPoBy Py Pstbbs(1-G )=y )P Pok
41~ Gs )My X RoPoRe ¥ PoMePoPE ReMoRoBs M6 Gr) Mo )X PoPole M (5 "05) My)RP3Re AP P
+ReMy o Py~ = G > My )RsPoPs 4 ¥ 09 B)PoPoPis

N; =115.3779634D,=115.3779738
Availability of the unit/compressor (7=0.999999999

Particular Cases
= st — sS4 and
For graphical representation, let us suppose ﬁ’iagt) A€ ™ G (17 0,67, Qa (LR a 1,
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Using the above particular case, the following ealare estimated as

a,,=0.006896a7,,= 000058@,,= 004166,,= .00000983= . 00001347 . QBBTBA A4 7 000003868 ,4 ,4 5 000073

Graphical Interpretation

Graph represents the behaviour of MTSF (Model 1Mndel 2) and Availability (Model 2) with failureate;,
having variation irk,,.It is clear that as failure ralg,increases MTSF (Model 1 and Model 2) and Avail&piiModel 2)
decreases. As the variation is taken in failure xgtfor MTSF(Model 1 and Model 2) and Availability( Met?2) it can be
concluded that as the failure ratgincreases MTSF (Model 1 and Model 2)and AvailayilModel 2 decreases).

The measures of system effectiveness are obtaged a

Mean time to unit/compressor MTSF (Model 1 and M@&Je=13937.512 hrs.
Availability of the unit/compressor ((Model 1)=0.6156

Availability of the unit/compressor @\ (Model 2)=0.999999999

For both the Models, the expected time for whiah winit/‘compressor is in operation before it conghefails is
about 13937.512 hours. It can be concluded thathfgiven system as the availability for ModekZyreater than Model

1 in every situation hence priority for the failexit is not recommended for present system.
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Figure 3: Graph between MTSF andi12 with Variation in Ay
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Figure 4: Graph between Availability andA12 with Variation in A,
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