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Abstract: The paper présents profit analysis of working standby system from Verka milk plant which operate a
refrigeration sytem by using four compressor units where two are in operating state and other two comprossor
units are taken as standby. System functioning based upon proper operation of atleast two units out of given four
compressor units .Various measures of system have been evaluated numerically as well as graphically such as
MTSF, Availability ,Busy periods and Cost benefit analysis by using regenerative point technique and semi —
Markov process .
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1. INTRODUCTION

Many researchers [1-7] have done work on real life existing standby systems from various industries for useful and
meaningful interpretations. Here in the present paper we have considered four compressor units standby system where
two compressor units are in operating state and two are in standby state initially. On the failure of operating unit the
standby unit starts its operation. This system actually exists in Verka Milk plant refrigeration system. Compressor unit
failures can be categorized into three categories that is serviceable , repairable and replaceable .Here model has been
studied with the concept of priority given to recent failed unit for service, repair and replacement.

The model is analyzed by making use of semi-Markov process and regenerative point technique and the expressions for
various measures of system effectiveness and such as mean time to system failure, steady state availability, total fraction
of busy time of repairman (for service, repair and replacement) per unit time and expected number of visits by repairman
per unit time are determined .Profit for model is calculated using above measures. The mean to system failure and profit
for a particular case are also calculating where repair time distribution are exponential .Graphs pertaining to this particular
case are also plotted.

2. NOTATIONS

0,011 ,01,0/ First, second ,third and fourth compressor units are in operative State
Si, S Second and third compressors units are in standby state
Aits iz Aiz, Mia Failure rate when failure is of serviceable , repairable and replaceable for first ,second,

third and fourth compressor unit respectively (i= 1,2,3,4 and i symbol used for
compressor unit)

01, Olig, Qi3, Qi Repair rates when failure is of serviceable , repairable and replaceable type for first,
second, third and fourth compressor unit respectively (i=1,2,3,4)
Gir(1), gin(t) c.d.fand p.d.f of time for service when failure is of serviceable type for first, second, third

and fourth compressor unit respectively (i=1,2,3,4)
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Gio(1), 9ia(t)
Gis(t), 9ia(t)
Fsl, Fsll |Fslll FsIV

Fri,FrilLFrillLFriv

Frepl, Frepll, Freplll,FreplV

Fwrl,Fwsl,Fwrepl

I:WRI- FWSI: I:WREPI

Assumption of Models:

c.d.f and p.d.f of time for repair when failure is of repairable type for first, second, third
and fourth compressor unit respectively (i=1,2,3,4)

c.d.f and p.d.f of time for replacement when failure is of replaceable type for first ,
second, third and fourth compressor unit respectively(i=1,2,3,4)

Serviceable type of failure for compressor first, second, third and fourth compressor unit
respectively

Repairable type of failure for compressor first ,second, third and fourth compressor unit
respectively

Replaceable type of failure for first, second, third and fourth compressor unit respectively

First compressor unit is waiting for repair, service, replacement at the first time
respectively

First compressor unit is waiting for repair,service, replacement respectively at second
time

1. All failure times have exponential distribution .

o ~ w N

After each repair , the unit works as good as new.
The repairman visits immediately as the unit fails.
System will stop functioning If a unit is under service , repair and replacement.

Failure of a unit is detected immediately and perfectly .

6. Arrival of repairman decides about the failure category of compressor unit and after service and replacement unit will

work as good as new.

State No. State No. Status

S0 O|, OIIvSIIIuSIV 826 FWSI ’ I:era'pll !FrIIIIOIV S52 I:WRI IFWS“ uolllu FSlV
Sl Fsl uOII |O||| IS|V S27 FWSI ’ erepll 1FreplllaoIV S53 I:WRI IFWS“ ’ OIII: |:rIV
SZ I:rl |O|| uOIII 1SIV 828 FWSI ’ erepll !O“llFSlV S54 I:WRI IFWS“ ’ OIII: |:repIV
S3 I:repl rOII |O||| IS|V 829 FWSI ’ erepll 1OIII| I:rIV S55 I:WRI ’ I:WrII iFsIIIiOIV
S4 Fwsl ’ Fsll 1OIIIaOIV S30 I:WSI ' erepll aOIII: I:repIV S56 I:WRI ’ erll ,FrIIhOIV
S5 FWSl ’ Frll ,OIIIIOIV S31 FWREPI IFWS“ IFS“|IO|V S57 I:WRI ’ I:WrII iFrepIIIiOIV
S6 FWSl ’ Frepll IO“llOlV 832 FWREPI IFWS“ lFl'“l!Olv S58 I:WRI ’ I:WrII iOIIhFSIV
S7 erepl ,Fsll ,OIII :OIV S33 I:WREPI IFWSH :Freplllxolv S59 I:WRI ’ erll ,Ollln FrIV
S8 erepl ,Frll ,OIII !OIV S34 I:WREPI IFWSH IOIII! FsIV SGO I:WRI ’ erll ,Ollln |:repIV
S9 erepl ,Frepll :OIII :OIV S35 I:WREPI IFWSH IOIII!FTIV S61 I:WRI ’ erepll :FsIIhOIV
S10 erl ’ I:sll ,OIII:OIV S36 I:WREPI IFWSH IOIII!FTGDIV 862 I:WRI ’ erepll nFrIII,OIV
Sll erl ’ I:rII ,OIII!OIV S37 FWREPI IFWrII !FslllaoIV S63 I:WRI ’ I:Wrepll lFreplllloIV
S12 erl ’ I:repll !OIII!OIV S38 I:WREPI :erll !FTIIIIOIV S64 I:WRI ’ erepll :OIII,FsIV
S13 I:WSI ansII ,Fslll :OIV 839 I:WREPI :erll aFrepIIIaOIV S65 I:WRI ’ erepll :OIII, I:riv
S14 FWSI IFWS|| ,Frlll IOIV S40 FWREPI IFWrII 1OIII| FSlV 866 I:WRI ’ I:Wrepll |OIIIi FrepIV
S15 FWSI IFWS|| uFrepIII IOIV S41 FWREPI IFWrII !OIIIIFrIV

S16 FWSI IFWS|| !O“ll FSlV S42 FWREPI IFWrII 1OIII|FrepIV

S17 I:WSI IFWS||! OIII; I:rIV 843 FWREPI IFWrepII IFS“|IO|V

S18 I:WSI IFWS||! OIII; I:repIV S44 FWREPI IFWrepII lFrIIhOIV

S19 I:WSI ’ I:WrII IFS“|IO|V S45 FWREPI IFWrepII lFrepIIIIOIV

SZO I:WSI ’ I:WrII lFrIIhOIV S46 FWREPI IFWrepII lollh FSlV

S21 I:WSI ’ I:WrII IFI'ED“llOlV S47 FWREPI IFWrepII IO“liFer

S22 I:WSI ’ I:WrII IO“liFSlV S48 FWREPI IFWrepII IOIIhFrepIV

S23 I:WSI ’ I:WrII lollh I:rIV 849 I:WRI 1FWS|| IFS“l IOIV

S24 I:WSI ’ I:erl lollh FrepIV SSO I:WRI 1FWS|| IF”“ IOIV

S25 I:WSI 1 erepll ;FsIII;OIV S51 I:WRI ;Fwsll :Freplll :OIV
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The possible states of transition Sy,S;,S,,S3,54,5s,56,57, 58,59, S10, S11,517 are regenerative state where as

S0,51,52,53,54,S5,56,57,58,59,510,511,51, are Operating states

813,514,815,Sls,817,Slg,Slg,820,821,822,823,824,825,826,827,828,Szg,830,831,832,833,834,835,836,837,838,839,84,841,842,S43,S44,S45
1S46:547,S48,S49, S50, S51, 552, S53, S5, S65, S56, S57, S8, 59, S60, 61, S62, 653 S84 65,656 Are: failed state.

3. TRANSITION PROBABILITIES

Table 1: Possible states with status

Sr | From | To Rate Sr [ From | To Rate Sr | From | To Rate Sr | From | To Rate
No | State | State No | State | State No | State | State No | State | State
1 Sy Si3 Aa1 32 | Sg Sus A32 63 | Sn Ss gx(t) | 93 | Sa S1o 033(t)
2 Sy Si4 A3 33 | Sg Sus A3z 64 | Sp Ss ga(t) | 94 | Ss2 S1o ga(t)
3 S, Sis ha3 34 [ Sy Sus Aag 65 | Sz Ss Oa2(t) | 95 | Sss S1o a2(t)
4 1S Sis ha1 35 [ Sy Sy Ao 66 | Su Ss 0a3(t) [ 96 | Ssa S1o 0a3(t)
S Sy S17 A2 36 | So Sug e 67 | S Se ga1(t) | 97 | Sss Si 9a1(t)
6 Sy Sis A3 37 | Sw Sao Aa1 68 | S Se g2(t) | 98 | Sss Si 932(t)
7 Ss S1o As1 38 | Siwo Sso %) 69 [ Sz Se g3a(t) | 99 | Ss Su 9a3(t)
8 |Ss S0 Az 39 [ Sio Ss1 Ass 70 [ Sz Se gar(t) | 100 | Ssq Sn gau(t)
9 Ss Sa1 Ass 40 | Syo Ss2 Ay 71 | S Se ap(t) | 101 | Sy Si Jaz(t)
10 | Ss Sz Aoy 41 | Sy Ss3 A2 72 | Sy Se gaa(t) | 102 | Sgo Si Jas(t)
11 1Ss Sis | M2 |42 | Spo Ssa | Mz | 73 | S; Sy gai(t) | 103 | S Sz | ga(t)
12 1 Ss Sas | Mz |43 | Su Sss | Ast | 74 | Sa Sy ga2(t) | 104 | Sg, Sz | 9s(t)
13 | Se S5 A1 44 | Sy Sss A3z 75 | S Sy g33(t) | 105 | Ses Si 933(t)
14 | Se S A3z 45 | Sy Ss7 As3 76 | S Sy as(t) | 106 | Seq Si Jas(t)
15 [ Se S As3 46 | Su Ssg Ay 77 | Sss Sy ga2(t) | 107 | Ses S12 gaz(t)
16 | Se Sig | A1 | A7 | Su Ss9  [M2 | 78 | Sz Sy gaa(t) | 108 | Sgs Sz | 9as(t)
17 | Se Sa9 Az 48 | Sy Seo A3 79 | Sy Sg ga1(t)
18 | Se Sso | M3 |49 | S Ser [ | 80 | Ss Sg ga2(t)
19 1S Sst | A1 |50 | Spp Se2 | A2 | 81 | Sgo Sg 9as(t)
20 [ S Sz %) 51 | Sw2 Ses Aas 82 | Su Sg ga(t)
21 | S Sa3 Ass 52 | Si Sea Ao 83 | Su Sg da2(t)
22 | S Sas | A1 |53 | Spp Ses | A2 | 84 | Sp Sg 9a3(t)
23 | S¢ Sss A2 54 | Spp Ses M3 85 | Sy Sg ga1(t)
24 | S Sass haz 55 | Si3 Sy Oa1(t) [ 86 | Sus Sy g32(t)
25 | Sg Sa7 Aa1 56 | Su S, 32(t) | 87 | Sus So gs3(t)
26 | Sg Ssg | A2 | 57 | Sis Sy 33(t) [ 88 [ Sus Sg gaa(t)
27 | Sg S39 Aas 58 | S S, ga1(t) | 89 | Ss7 So ga2(t)
28 | Sg S0 Ay 59 | Syi7 S, az(t) [ 90 | Sas So da3(t)
29 | Sg Su v 60 | Sis Sy aa(t) [ 91 [ Sae S1o ga1(t)
30 | Sg S A4z 61 | Sio Ss ga1(t) | 92 | Sso S10 gs2(t)
31 |Sy Su3 Aa1 62 | Sy Ss g(t) | 93 | Ss1 S10 gs3(t)
By transition probabilities it can be verified that
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Po1 + Poz + Pos = 1

Pio + Pis + Pis + Pis =1

p41 + p4;L3 + p4,14 + p4,15 + p4,16 + p4,17 + p4,18 = 1

p51 + p5,19 + p5,20 + p5,21 + p5,22 + p5,23 + p5,24 = 1

p61 + p6,25 + p6,26 + p6,27 + p6,28 + p6,29 + p6,30 = 1

p73 + p7,31 + p7,32 + p7,33 + p7,34 + p7,35 + p7,36 = 1

p83 + p8,37 + p8,38 + p8,39 + p8,40 + p8,41 + p8,42 = 1

p93 + p9,43 + p9,44 + p9,45 + p9,46 + p9,47 + p9,48 = 1

p10,2 + p10,49 + plO,SO + plO,Sl + p10,52 + p10,53 + p10,54 = 1
pll,2 + p11,55 + p11,56 + p11,57 + p11,58 + p11,59 + pll,GO = 1
p12,2 + p12,61 + p12,62 + p12,63 + p12,64 + p12,65 + p12,66 = 1
Ps + pzlti + p411£,14 + pzlti + pzltit + p41174 + pﬁ =1,

Psi + Pss + Peg + P + PSs + Pos + Pes =1

Per + Pis + Pi% + Pi6 + Pas + Pis + Pas =1

P7zs + p$,17 + p?,27 + p73,37 + p?ﬁ? + p73,57 + p$,67 =1

Pgs + Psg + Pog + Pog + Pgg + Pgs + Pgs =1

Pos + Pos + Poo + Pas + Pas + Pao + Pos =1

Pio> + Pioio + Pioio + Pioio + Proso + Proio + Proso =1
Pirs + Prias + Prias + Prian + Prian + P + P =1

61 62 63 64 65 66
Pioo + Pioao + Pizaz + Pizgo + Pioas + Progo + Proge = 1

4. MEAN TIME TO SYSTEM FAILURE

To determine the mean time to system failure (MTSF) of the system, we regard the failed states of the system as
absorbing states and the mean time to system failure (MTSF)when the system starts from the state S,.

MTSF=T, = lim =% (8)

s—0 S
Using L * Hospital rule and putting the value of @y (S) we have

T,=N/D

N = 25(—=( Pyo + Pao + Pao )+ (1= (Pog Pas + Pis Pss + Pis Per D(L1=( P10 Pros + PosiPraz + Pasa Praz )

(1=(Pa; Pr3 + Pag Pgg + Pag Pog ) + Poy ( £4(1= 93 (A)) + Pyt (1= 9, (A)) + Prspts (1= 95, (A)) + Prottg(1=955(4))
(1= (P10 Pros + Pass Pras + Pass Pros (1= (Pa7 Prs + Pag Pas + Pag Pz )+ Poo(£,(1= 91, (A4)) + Pagottio(1— 951 (4))
+P,1441 (1= 95(A)) + Posottin (1= 955(A)) (1= (Pag Pz + Pag Pas + Pag Pag ))(1—( Pug Py + Pis Py + Pis Py )
+Pog (45 (1= 935 (A))+ 247057 (1= 950 (A)) + 113 P35 (1= 955 (A)) + g Py (1= G5 A D)1= ( Pry Py + Pis Py + Pis Pey )
(1=(PysoPros + Pr1iPraz + P2sa Pizz )

D = (1~ ( Py Pay + PisPoy + Pis Per (1= PosoProz + Pz Praz + Poza Proz (1= Pay Pra + Pag Pas + Pag Pe3 )

= Por Pio (1= ( Pa7 Pz + Pag Paz + Pag Pag D)L= (P10 Pro + Poaa Praz + Pass Prz ))

—Po pzo(l_( P37 P73 + P3g Pgs + Pag Pog ))(1_( Pia Psy + Pis Ps; + Pig Py ))

—Poa Pao (1= ( Py Pay + PisPsy + Pig Per (L= ( PosoPros + PoaaPrvz + PosaPrzz )
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5. AVAILABILITY ANALYSIS
Using the arguments of the theory of regenerative processes in steady state system availability is

A, =lim(sA(s)= ot

where

N; = (a— P,y )(b—Pg; )(C— P, )(d = Prg (€= Pes ) f = Pg3 )(9 = Puop J(h = Pryp )i = Pia )ty + 4Py )
_(a_ p41 )(b_ p51 )(C_ pGl )(d - p7,3 )(e_ p8,3 )( f- p93 )(g - plo,z )(h_ p11,2 )(' - p12,2 )(luz poz +:u3 po3)
H(C— Pg; )(d = Py ) (8= Pg )( F = Poy J( 9= Pro )N = Puyp )= Prp ) Po (0= Py )ty Prg + (8= Py )5 Pis )
+H(@a— P,y )(D— Psy )(d = Pag )(€ = Pgs )(9 = Proz J(N— Pusp (i = Prap ) s Py Pus + (€ — Pey )40 Poz Pao )

+(@— P,y )(D— Psy )(C— Pgy (€= Pgs )( T = Pog )ty Py +(d = Py )ty Pyg + (8= Py (b= Pg; )(C = Py )(d = 75 )
(€= Pgz ) Pos

Where

1- pﬁ + piz; + pii + pzl& + p411,74 + pzlti =a

1— Py + Pos + Pos + Pog+ Pz + Pes =b

1— P2+ Pag + Pl + Doy + Pag + Pag =C

1- 3 + P35y + Pry + Pry + Py + Py =d

1— P3y+ Doy + Pog + Pag+ Pog + Pas =€

1— Pg% + Doy + Doy + Pos + Do + Pag = f

1- p1409,10 + pls(?,lo + p1501,10 + p150210 + pf:;m + pf;;w =g
1- p1515,11 + p1516,ll + p151711 + p151811 + p151911 + plefll =h

1- p1621,12 + p1622,12 + pfjiz + pf;,lz + p1625,12 + p1626;12 =
D, = (=14 Pog Pug ) 44(1= 051 (2))Ps1Ps 1 P 5Ps 5 Pos Pro2 Prso Pros + (1= 25 (A))Pay P 1 P75 Po s Pos Pro2 Praz P
+15(1= 955 (A)) Py Ps1 Prs o Pos Pro Pisa Pras + (1= 951(4)) Py Ps1 Ps1 o Pos Pro Prsa Pros + (1= 05(4)) Py
Ps1Pe1PraPosPios Piaa Pros + o (1= 055( 2)) Py Psy Ps1 Pr s Pas Proa Pras Pras + £40( 1= 951( 2 )) Pas Ps1 PePr 5Py Pos Pria Pros
+ 143 (1= 055 (2 )) P P51 Po1 Prs PoaPos Proa Pro + o (1= 25( 4 )) Py Ps1 P P75 Py s Pos Proa Prao + Py Ps1 P Prs P Pos Pros
Puio Pras + £ (1= 05 (2))( P51 Pe1PraPssPosProa Pros =1+ Py Pio )= (( Pes P Pss Pos Pros Pusa Pros + Pas 45(1=G50(4))
Ps1 P75 PasPosPros Proo Pros + s (1= 825 (A)) Ps1 Prs PasPosPros Proy + £ (1= 051 (2)) Ps1 Pe1PaaPos Pros Praa Pros +
+115(1= 955 (2 )) P51 Pe1 P73 Po s Pro s Pria Pros + (1= G55( 4)) Pos P 3 Pr s P Pros Puss Pra s + £ho (1= 051( A4 ))Ps s Py P75 Py s
PosPiss Pras + s (1= 05 (2 )) P Pos Prs PosPas Proa Pra + (1= G55( 2)) Py P P Pas PoaPao s P + 44(1=9p( A7)
Puo + 47 (1= 951( 4 )) Pea Po s Pros Prsa Pros + (1= 050( 4)) Py 5 Po s Pro s Prsa Pro + o (1= G5( 4)) Py 3 Pas Proo Praa Pro
+ 19 (1= G5 (2)) P3Py 5 Po s Pus 2 Proo + o (1= 030(2)) Py 5 Pas Po s Pros Pro + (1= U5 (A)) Py 5 Pss Pas Proz s + 7
(1= 051(24)) PssPos + (1= G50 (A)) P75 Pos + 1o (1= G55( A)) Py 5 Pas +(( Py 3t (1= 90 (24)) Py 5 + (1= G3s( 2))
+ 115 (1= 25 ( A))+ 115 (1= G35 ( 2)) P o + Po o (1= 951( ) Pos Pao = Pos Pao(( 245 (1= 925 ( 2)) P2 5 Py s PosPro2 Prsp +
+11,(1= 951 (2)) Py Poa Pro s Purs Pss + (1= G55( A)) P15 P Pros Prs s Pio o Pss + Ao (1= 955(A)) Ps1 P75 Py s Pro 2 Prss
+19(1= G5 (2)) P53 P 5Ps 5 sy + £43(1= 055 (2)) P51 P75 Pz Pos Pro2 PosPrs2 Pros + £43(1= 05 (2)) Psy Pos Prs Pas Pos Pro Praz
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6. BUSY PERIOD ANALYSIS FOR SERVICE ONLY

. . N
B,, = ISTP)(SBSO(S))zﬁj

where
N, = =(b = Ps; J(C = Poy ) Por(N = Pray )i = Pigp J(9 = Pugz )+ ProaPoso + (9= Pro2 )Pisz Poss (9= Pug )
(= Pray )Pro2 Poso(d = Prg J(€= Pyy ) F = Pog )+ Pay Pr +(d = Prg )Pag Py ) +(d = Py )(€ = Pyg ) P3g Py )
(8= Py )= Prgks )(D = Pgy J(C— Py J((@= Py )+ Prg Py ) (8= Py )Pos Psy ) +((@ = Pyy)
(D= Psy ) Pig Py J( = Pryp )i = Pz )P Poso(d = Py )(€ = Pyy )( F = Pag )+ Py Prs )
+((d = Pr3 ) Psg Pyz )+ (A = Py )(€ = Pa ) Psg P JKy + (€= Py )( T = Pag ) Pg( = Py, (i = Pz )
(g - plo,z )+ puo plo,z )+ (g - plo,z )+ p2,10 plo,z )+((g - p10,2 )pz;u p11,2 )"'((g - p10,2 )( h- p11,2 )
Po12 P )Py
7. BUSY PERIOD ANALYSIS FOR REPAIR ONLY
N,

BRPO = Isl_r)g( SB;PO( S )) = Fl

where
Ns =(g_ P, )(i_ P2, )poz(a_ p41)(b_ p51)(C_ p61)+ p14p41(a_ p41)p15p51)+(a_ p41)(b_ p51)p16 P
(A= prg (&= Pag )( T = Pog )+ Py Brg ) +(d = Py ) g Py +(d = Prg ))(8= Py ) Bag Pag(( Pk + 11, = (N =Py J1t)
H9= Pigz J(h= Do )= P )+ PosoProg )H(9 = Prog )Poss Pria )+ (9= Proz (= Pryz )Posa P )
(8= Py )(C= Pyg )Pos Pis( f = Pag J((= Py )+ Py Prg ) +(d = Prg ) Psg Peg )+ (0 = Prg J(€ = Py )P Pig ),
Hd = Py )(f = Py )P Pag(D= Py J(@= Py J(C= Py D iy Py +(8= Py ) Prs Py (8= Py (b= Py )i Py

8. BUSY PERIOD ANALYSIS FOR REPLACEMENT ONLY

. * N
BREPO = Ism( SBREPO( s))= 34
1

where

N, =(9= Py J(h=Pyp ) Pos Posa(@— Pag J(B = Py J(C— Poy )+ Pry Py +(@— Py ) Pis Py )

+(a= Puy )(b= Py )Pig Poa(L=( Pss + Pos + Pes + Pos + Peo + Pos ))(1—(P5s + Pas + Po

Py + Pos + Pag )(L=( Py + Piy + B3+ P35 + P35 + P37 )P Prs + (1= (P35 + P35 + P35

P35+ Pyy + P35 ) Pag Peg )+ (d = Prg )(€ = Pgg ) PagPag JKs = (N = Py, )i = Pizp (9 = Puop )+ Proz Paso
(9= Puo2 )PriaPogy )+ (9= Pigp J(h=Pryz )Proz Pasy ) = (8= Puy J(0 = Pgy ) Py Pie(d = P )(€ = Ps )

(f = Pag )+ Par Pra )+ (d = Py ) Pyg Pas ) +(d = Py )(€ = Pyg ) Pag Pz JKs +(d = Py ) (€ = Pg)

Poa(D = Psy J(C— Py )(@— Py )+ PugPug ) (8= Py ) Pis Po )+ (8= Py J(D = Pe )Pus Per N T = Pog )ty — Doy
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EXPECTED NUMBER OF SERVICES IN SYSTEM

0.
- N,
So = !'_[Y(‘)(SSO (5))—3l

where

N = =Py, (9= Pioz (N = Prpo )i = Piay )+ PosoPio2 ) (9= Pio2 )+ PoaaPi s )(9 = Pag s (N = Pi12)P10P122)
(d =Pz )(€= Pgs )( F = Pog )+ Pay Py +(d = Prg ) PagPes +(d = Pr3)(€ = Pys ) PagPes(@— Py )(b = Psy)

(C= Pt )Pro = Pua( P2 + Py )= (8= Py )Pip — Pus( Pis + Pos ) — (= Pug J(b— Psy ) Pis Do + Peg )+

(C_ pﬁl)(a_ p41)(b_ psl)plo + p14 p41_(a_ p41)p15p51+(a_ p41)(b_ p51)p16p61)( poz(e_ pgs )( f— pgs)

49

(d - p73 )+ p37 p73 )+(d - p73 )+ p38 p83 )(d - p73 )(e_ p83 )p39 p93 )(' - p12,2 )( h- p11,2 )p2,10( plO,lO + p1502,10 )

55

+( g- p10,2 )pz,ll( p11,11 + pfﬁll )+ ( g- plo,z )( h- p11,2 )pz,lz( p1621,12 + p1624,12 )+( po3( - p12,2 )( g- plo,z )( h- p11,2 )

31

+ p2,10 p10,2 )+(g - p10,2 )p2,11 p11,2 )+(g - p10,2 )( h- p11,2 )pz,lz p12,2 )(e_ pss )( f— pgs )p37( p7,7 + p?47 )
+(€= Py ) Pas( Pag + Pas ) +(d = Prs )(€= Psg )) Pso( Psa + Pos )
10. EXPECTED NUMBER OF REPAIRS IN SYSTEM
- N,
R = lim(sRy"(s))=5*

where l

Ng = =Poo (8= Piy J(D= Pgy )(C= Pgy )+ Pug Py )+ (8= Puy ) Pis Py )+ (2= Py J(b= Py ) Pis Py )

(d =Pz )(€= Pg ) F = Pz )+ Py Py J(d = Prg ) Pag Pog )+ (A= Prg J(€— Pay )Pag Py )(1= Py )

(9= Pio2 J(N=Piys )+ PosoPro2 (9= Puoz )+ Poss iz )+ (9= Prgs )+ Poso Pray N Pou(d = Py)

(€= Pgs )( = Pog )+ Py7 Pra )+ (d = Pog )+ Pyg Py )+ (d = Py )(€= Pyy )PsgPyz (b= Py )J(C— Py )

D ( iy + D )+ (3= Py )Py P2+ pig )+ (@ Py )(b= Psy ) Pis( P25 + Pag )+ (Pos((C— Pgy (b= pgy)
(8= Py )+ PuaPy )+ (8= Py )+ PrsPsy )+(@= Py (b= Psy )Py Py F = Py )(e= Peg )y (P55 + 15%)
+(e— Py )Psa( DY+ D3)

11. EXPECTED NUMBER OF REPLACEMENTS IN SYSTEM

. " N,
REPR, = Isl_rj(}(sREPo (S))_E

where

N =(Pos( 9= Pz (=P )= Praz )+ PosoPros )+ (9= Prop JPossPrap )+ (9= Prop J(= P )PP )
(8= Poy J( T = Py )P P3 + P77 )+ (8= Pag ) sl Pay + Py )+(d = P (8= Py )Pl P + Po ) Pos( f = Pes)
(d = ry J(&= Pag )+ s Py )+ (A= Prg )PagPys ) +(d = Prg )= Py )Py a3 (D= ey J(C— Doy )ua( Py + M)
+(a- Py )Dys( P2+ 25 ) +(a= Py )(b= ey )Pys( PEG + Pes )
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12. EXPECTED NUMBER OF VISITS BY REPAIRMAN
Vo = lim(sV;"(s))= N, / D,
where
Ng = (Por + Poo + Pog )(9 = Pro )= Priz )= Praz )+ PasoPros )= (9 = Pros ) P2 Puay )+ (9 = Py )
HN =Py )= (9= Pio2 J(N=Pi1y )Pyss Prop J(@— Py J(D— Psy J(€ = Py )+ Py Py ) —(@— Pay ) Pis Psy )
Ha— Py )+ (b= ps; )= (2= Py )0 = Poy ) Pis Pey (A = Prz )(€ = Pgs J( F = Py )(d — Py )(€— Pgs)
(f = Pgs )+ Par Prs ) —(d = Prg ) Psg Pag ) +(d = Pog )+ (€= Pgg ) —(d = P15 )(€ = Pgg ) Pag Pz )

13. COST BENEFIT ANALYSIS

The expected total profit incurred to the system in steady state is given by

P = COAO'ClBSO'C BRPO'C3 BREPO'C4V0'CSSO'CGRO'C7REPO ’

Where

Co = Revenue per unit up time for system

C = Cost per unit time when repairman is busy for service

C, = Cost per unit time when repairman is busy for repair

Cs = Cost per unit time when repairman is busy for replacement

C, = Cost per visit of repairman

Cs = Cost per unit service

Cs = Cost per unit repair

C, = Cost per unit replacement
Failure rate of first compressor unit when failure is of serviceable type M1 0.000042935/hr
Failure rate of first compressor unit when failure is of repairable type M2 0.000022935/hr
Failure rate of first compressor unit when failure is of replaceable type A3 0.000012935/hr
Failure rate of second compressor unit when failure is of serviceable type A1 0.0000477627/hr
Failure rate of second compressor unit when failure is of repairable type Aoz 0.0000277627/hr
Failure rate of second compressor unit when failure is of replaceable type Aos 0.0000177627/hr
Failure rate of third compressor unit when failure is of serviceable type A3y 0.001020147/hr
Failure rate of third compressor unit when failure is of repairable type A3z 0.000920147/hr
Failure rate of third compressor unit when failure is of replaceable type Aa3 0.000820147/hr
Failure rate of fourth compressor unit when failure is of serviceable type a1 0.0010056/hr
Failure rate of fourth compressor unit when failure is of repairable type A4o 0.0009056/hr
Failure rate of fourth compressor unit when failure is of replaceable type M43 0.0008056/hr
Repair rate of first compressor unit when failure is of serviceable type 011 0.00297619/hr
Repair rate of first compressor unit when failure is of repairable type 02 0.000586/hr
Repair rate of first compressor unit when failure is of replaceable type 03 0.04166/hr
Repair rate of second compressor unit when failure is of serviceable type 01 0.0018939394/hr
Repair rate of second compressor unit when failure is of repairable type 0o 0.0003822629/hr
Repair rate of second compressor unit when failure is of replaceable type 03 0.0010162602/hr
Repair rate of third compressor unit when failure is of serviceable type 031 0.010416666/hr
Repair rate of third compressor unit when failure is of repairable type 03 0.004416666/hr
Repair rate of third compressor unit when failure is of replaceable type 033 0.002416666/hr
Repair rate of fourth compressor unit when failure is of serviceable type Olag 0.0010416666/hr
Repair rate of fourth compressor unit when failure is of repairable type 042 0.002166666/hr
Repair rate of fourth compressor unit when failure is of replaceable type 043 0.001166666/hr
Revenue per unit up time Co Rs. 60100
Cost per unit time(service) when repairman is busy for service C; Rs.28600
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Cost per unit time(repair) when repairman is busy for service C, Rs.7600
Cost per unit time(replacement) when repairman is busy for service Cs Rs. 7975
Cost per visit of repairman C, Rs.800
Cost per unit time(service) Cs Rs.1500
Cost per unit time(repair) Cs Rs. 1000
Cost per unit time(replacement) C; Rs.550

Graph between MTSF and Failure rate A, (variation in A,,)Figl

Graph in Fig 1 represents the behaviour of MTSF vs failure rate A;, with variation in Ay.It is clear that as failure rate A,
increases MTSF decreases. As variation is taken in failure rate Ay, for MTSF, It can be concluded as the failure rate Ay
increases MTSF decreases

Graph between Profit and Revenue C, (variation in C;) Fig 2

It can be interpreted from graph in Fig 2 that profit increases with increase in values of revenue per unit up time (Cy).It
can also be seen that if C;=8600 , then P>or=or<0 according as C, >or =or< 452.467. So for C;=8600, revenue per unit
up time should be fixed greater than 18.Similarly for C;=28600 and 48600, the revenue per unit up time should be greater
than 5.23and 615.78 respectively
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