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ABSTR-AC `11  

In this dissertatiOn we discuss two different models. In 

the first. model we have analysed a system consisting of two cold 

standby units with two types of failure and two types of repairs. 

Either of unit can be in operation or in partial failure mode or 

in total failure mode, An operating unit can fail partially or 

totally direct or totally through partial failure. A 

partially failed unit can be repaired during operation since 

partially failed unit remains operative with reduced 

capacity. A totally failed unit may 	require 	two types of 

repairs viz., major repair or minor repair. The failure of one 

unit is statistically 	independent of failuxe of the 	other 

unit. The system fails only when both the units fail totally. 

In the second model we have two unit ,wa3:m standby system. An 

operative unit can not fail totally without failing partially 

as we have assumed in the first model. 

For both the models we have assumed all the failure and 

repair time' distributions 'as general distributions. MTSF is 

derived by using techniques of regenerative process. 



and other remains standby. As soon as operating unit fails 

the standby unit starts operation. The failure of a unit may 

be of one of the following types. 

(a) Partial Failure : 	Failures resulting from deviations 

in characteristics beyond specified limits but not such 

as to , cause complete lack of required function. In other 

words the unit works at a reduced capacity and can be 

repaired during operation. 

(b) Total ( Complete) Failure : 	Failure resulting from 

deviations in charactristics beyond specified limits such 

as to cause total lack of the required functions. 

In 1975 Procter and Singh first studied a single 

unit system with three modes viz., operating, partial 

failure and total failure. Gupta et al, have studied a two-unit 

redundant system with these three modes of operation. 

Goel, Kumar and Rastogi [ 2) have worked on two-unit 

redundant system under partial failure and two types of repairs 

with the assumption that an operative unit cannot go directly 

to total failure mode i.e. an operative unit first goes to 

partial failure mode and then to total failure mode. 

This thesis deals with two different models. In the 

model 1 we have analysed two - unit cold standby system 

under two types of failure and two types of repairs assuming 

that an operative unit can fail partially or totally direct or 

totally 	through partial failure. The model 2 has two unit 



N'TRODUC'T ION 

Conventional intutive approaches to the evaluation of 

system adequacy are not sufficient in modern engineering 

applications and are gradually being replaced by consistent 

quantitative techniques. A basic and common requirement in any 

quantitative procedure is the development of a suitable 

mathematical model to describe the system. One of these models 

is reliability. 

Reliability is a new concept. The general area of 

reliability theory is extremely wide and infact encompasses all 

aspects of engineering technology. In modern technology, space 

landing programmes, exploration to Mars and communication systems 

in the world are a few eloquent examples of present day 

technology. It has been possible for the first time to 

demonstrate a very hiah reliability (99.9999 %) through a maze of 

complex systems and procedures in an environment with a high 

degree of variability. The reliability, a measure of quality, is 

an essential element at each stage of the equipment manufacturing 

procedure through design and production to final delivery to the 

user. The increasing sophistication of electronic and telemetric 

equipments needed for defence, space research programmes, 

satellites and guided missile systems demand a high degree of 

reliability. So during the second world war reliability was 

considered to be one of the pressing needs in order to study the 

behaviour of various systems used by the military. 

In the real 	life it is seen that many a reliability 

systems have two or more units in which only one works at a time 



and other remains standby. As soon as operating unit fails 

the standby unit starts operation. The failure of a unit may 

be of one of the following types. 

(a) Partial Failure : 	Failures resulting from deviations 

in characteristics beyond specified limits but not such 

as to , cause complete lack of required function. In other 

words the unit works at a reduced capacity and can be 

repaired during operation. 

(b) Total ( Complete) Failure : 	Failure resulting from 

deviations in charactristics beyond specified limits such 

as to cause total lack of the required functions. 

In 1975 Procter and Singh first studied a single 

unit system with three modes viz., operating, partial 

failure and total failure. Gupta et al. have studied a two-unit 

redundant system with these three modes of operation. 

Goel, Kumar and Rastogi [2] have worked on two-unit 

redundant system under partial failure and two types of repairs 

with the assumption that an operative unit cannot go directly 

to total failure mode i.e. an operative unit first goes to 

partial failure mode and then to total failure mode. 

This thesis deals with two different models. In the 

model 1 we have analysed two - unit cold standby system 

under two types of failure and two types of repairs assuming 

that an operative unit can fail partially or totally direct or 

totally 	through partial failure. The model 2 has two unit 



warm 	standby system under two types of failure and two types 

of 	repairs. Either unit can fail partially or totally through 

partial failure. 

Before discussing the above models we have revision of 

basic points in reliability, transforms etc. 

RELIABILITY 

The concept of reliability has been interpreted in many 

different ways. ELECTRONICS INDUSTRIES ASSOSIATION (EIA), 

USA, has defined reliability as 

" Reliability 	is the probability of a device performing 

adequately for the period of time intended under operating 

conditions encountered". In the other words, it is the measure 

of the capacity of an equipment to operate without failure when 

put into service. 

We write reliability R(t) of a device as 

R(t) = Pr { The 	system works satisfactorily in the 

interval (0, t] } 

R(t) is the non increasing function between two extremes 0 

and 1. If ,reliability is R(t) and unreliability is R(t) then 

we have.  
R(t) + 	= 1 

SYSTEM 

A system consisting of N components can be considered 

to be in series, parallel and a combinatibn of series and 

parallel. In addition we also have standby systems and K out of N 

systems. 



.$ERIES.  SYSTEM 

A series system has configuration as given in 

the following figure - 

A series system fails if one of the components fails i.e. 

the series system works satisfactorily if and only if all the 

components work satisfactorily. 

Reliability R(t) of a series system having n units is given by 
n 

R(t) = R1(t).R2(t) 	Rn(t) = n 	Ri(t) 
i = 1 

where Ri(t), 1 	n , is the' reliability of the ith 

component.• 

PARALLEL SYSTEM 
A parallel system has configuration as given in 

the following figure - 



In this case the system can function properly when at least 

one of the components is working i. e. the system fails only 

when all the components fail. 	The reliability of a parallel 

system consisting of n units is given as 

n 
R(t) = 1 - 	,t 	1- Rift) } 

= 1 

STANDBY  BLUM 

In this type of system only one unit works at a 

time. If this unit fails a standby unit is immediately switched 

on-line and failed unit is taken off-line. The system 

functions till every unit fails. Configuration is given in the 

following figure. 

BAINTAINED 0.51Em : 

This type of system can be maintained i.e. 

the failed part (or parts) of the system can be repaired or 

replaced while the system is in working state or in failed state. 



There is no repair facility for repair 

of the failed part of the system. 

AVAILABILITY 

INSTANTENNOUS AVAILABILITY : 

It is the probability that the 

system will -  be available at any random time t. We denote it 

by 	A(t). Some times we may be interested in the average 

up - time 	for some definite period T. It is defined 	as 

proportion of time in a specified interval ( 0, T] that the 

system is available for use. 

A(T) 
1 	f T 

	 Jo A(t) dt 

 

1  1 

 

T 

STEADY STATE AVAILABILITY : 
The proportion of time that the 

system is 	available for use when the time interval 

considered is very large is known as steady state 

availability and is defined as 

1 
A(m) = 	Lim   Jo A(t) dt 	1  2 

T—> 03 T 

TRANSFORMS 

LAPLACE TRANSFORM 

If f(t), t > 0 is continuous function 

of t then the Laplace Transform of f(t) is defined as 



L [f(t)] = f*(s) = J o e-8 t 	dt 	for real s 	0 
1  3 

LAELACE 5TIELTJES  TEA  (LST)  

LST of a continuous 

function F(t) is defined as 
rw 

	

LST [F(t)] = F**(s) = Jo e-st.dF(t) 	1  4 

LAPLACE CONVOLUTION  

If 	f(t) and g(t) are continuous 

functions of t then convolution of f(t) and g(t) denoted by 

f(t).(c).g(t), is defined as 

f(t).(c).g(t) 	
ft 
Jo 	f(u).g(t-u) du 	1  5 

LAELACE STEILTJES CONVOLUTION  

	

Let 	F(t) and G(t) be two 

continuous function of t then the LSC of F(t) and G(t) is 

defined as 

rt 
F(t).(s).G(t) = Jo 	F(t-u).dG(u) 	 1  6 

By the convolution theorem we also have 

LT [f(t).(c).g(t)] = f*(s).g*(s) 

LST [F(t).(5).G(t)] = F**(s).G**(s) 



BEAM 2IHE IQ SYSTEM !AIM= (MTSF)  

It is the expected time, the system is in operation 

before it fails completely. If F(t) is the failure distribution 

of the system, f(t) 	the density function and R(t) is the 

reliability of the system then 

ra) 
MTSF = Jo 	t.f(t)dt = lo R(t)dt 	1  7 



CHAPTER  2 

DESCRIPTION  a MIEN II OE MODEL 1 	In this chapter we 

consider a two unit system in which each unit can be in either of 

the following three modes 

(a) Operative / Normal 

(b) Partial Failure 

(c) Total Failure 

0 

P 

F 

i.e. a unit can fail partially or totally. When a unit fails 

totally it might have to undergo either major or minor repair . 

Assuming general distribution for failure and repair times, we 

obtain distribution of time to system failure, availability and 

MTSF by using the technique of regenerative process. In the 

description of the system we have following points - 

1. Two similar units operate in cold standby configuration and 

at time t = 0 one unit is operating and other unit is 

cold standby. 

2. An 0-mode unit can go to P-mode or direct to F-mode or to 

F-mode through P-mode. 

3. Switching of standby unit in operation is instanteneuos and 

perfect. 

4. The failure and repair time distributions are assumed to be 

arbitrary with different cdf's in each case. 

J. In F-mode a unit may need major or minor repair with 

probabilities b and b such that b + b = 1. 

6. 	Single repair man is available to repair a P- or F- unit. 

10 



TRANSITION DIAGRAM OF MODEL 1 

UP STATE 

C-D DCON STATE 

ii 



7. After repair in F- mode the unit goes directly to 0- mode. 

8. The time to failure and repair of unit one is statistically 

independent of the time to failure and repair of other unit. 

9. In case an 0- unit enters P- mode while the other unit is in 

F-mode and under repair, the repair of F-unit is stopped and 

the P-unit is taken up for repair in preemptive repeat 

fashion. 

POTATIONS  

0 operative mode 

P 	partial failure 

S 	standby 

Mr, mr 

	

	under major or minor repair after total 

failure 

Mw, mw 	waiting for major or minor repair after 

total failure. 

The system may be in of the following states at any instant 

Up states 	So (0,S) , Si(P,S), 	S2(0,Mr) 

S3(0,mr), S4(P,Mw), S5(P,mw) 

Down states S8(Mr,Mw), S7(mr,Mw),S8(mr,mw) 

We are also using some following notations 

fl(t), Fi (t) 	pdf and cdf of time to pass from 0 to P-mode 

f2(t), F2(t) 	pdf and cdf of time to pass from P to F-mode 

f3(t), F3(t) 	pdf and cdf of time to pass from 0 to F-mode 

4 (t), Fs  (t) 	pdf and cdf of time to pass from S to P-mode 

g(t), G(t) 	pdf and cdf of time to repair of a P-unit 

gM(t), GM(t) 	pdf and cdf of time for major repair of a F-unit 

gm(t), Gm(t) 	pdf and cdf of time for minor repair of a F-unit 

12 



qii(t),Qii(t) pdf and cdf of time for transition from state Si 

to Si 

b 	Prob. of F-unit requiring major repair 

Laplace transform 

** 	Laplace steiltjes transform 

(c) 	Laplace convolution 

(s) 	Laplace steiltjes convolution 

gi 	mean sojourn time in state Si = I mii 
J 

mij 	mean sojourn time in state Si given that 

transition is to state Si 

= 	I t 

= I t e-st d Qij(t) 1 11=0 = - Qii"' (0) 

Ui 
	

time to system failure when it starts from state 
Si 

Vi 	Pr { Ui < t } 

Mi(t) 	Pr {system starting from state Si is up at time t 

without transiting into any other regenerative 

state } 

DENSITY FUNCTION 	TRANSITION TIMES 

fi (t) F3 (t) 

b.f3(t) h(t) 

1;.f3 (t) F1 (t) 

q42(t) = q53 (t) 

= g(t) P2(t) 

q12(t) = q48 (t) = q57(t) 

= b.f2(t) G(t) 

qoi (t) = 

clo2(t) = 

go3(t) = 

qlo(t) = 

13 



q13 (t) = q47 (t) = q58 (t) 

= b.f2(t) G(t) 

q24(t) = fl (t) F3 (t) GH(t) 

q35 (t) = fl (t) F3 (t) Gm (t) 

qts (t) = b.fs(t) fa (t) GM(t) 

q27(t) = b.fs(t) Pa (t) GM(t) 

q37 (t) = b.fs(t) F1(t) Gm (t) 

q2o(t) = gm(t) F3 (t) Fa(t) 

vo(t) = gm(t) F3 (t) fa (t) 

q38 (t) = b.fs(t) h(t) Gm(t) 

q82 (t) = gm(t) 

q72(t) = gm(t) 

q83 (t) = gm(t) 

qij(t) = 0 otherwise 

Note:- P = [(pij)] denotes the transition probability matrix 

= [QiJ (00)] = [Qii** (0)] 

TIME ID MUM FAILURE 
Now we have 

Vo(t) = Qol(t)(s) V1 (t) + Qo2(t)(s) V2 (t) + Qos(t)(s) V3 (t) 

Vi (t) = Qao(t)(s) Vo(t) + Q12(t)(s) Vz(t) + Qas(t)(s) V3 (t) 

V2 (t) = Q2o(t)(s) Vo(t) + Q24(t)(s) V4(t) + Q2s(t) + 6127(t) 

V3 (t) = Qso(t)(s) Vo(t) + Qss(t)(s) V5 (t) + Q37 (t) + Q38 (t) 

V4(t) = Q42(t)(s) V2 (t) + Q48 (t) + Q47(t) 

V5 (t) = Qss(t)(s) V3 (t) + Q57 (t) + Q58 (t) 

Taking Laplace Stieltjes transform and solving we obtain the 

LST of distribution functions of the failure times assuming that.  

14 



system was initially in state So. Then we have 

Vo**(s) = 	Qol**(s) 	V1**(s) + Qo2**(s) V2**(s) 	+ Qo3**(s) V3**(s) 

V1**( s) = Qlo**(s) 	Vo**(s) + Q12**(s) V2**(s) 	+ Q13**(s) Vs**(s) 

Vz**(s) = Q2o**(s) 	Vo**(s) + Q24**(s) V4**(s) 	+ Q28**(s) + Q27**(s) 

V3**(s) = Q3o**(s) 	Vo**(s) + Q35**(s) V5**(s) 	+ Q37**(s) + Q38**(s) 

V4**(s) = Q42**(s) 	V2**(s) + Q45**(s) + 	Q47**(s)' 

V5**(s) = 	Q53**(s) 	V3**(s) + Q57**(s) + Q5e**(s) 

If we consider 	N2 (s) 
Vo**(s) = 	 Then we can write 

D2 (s) 

N2(s) = (1-Q35**(s) Q53**(5)) [Qol**(s) Q12**(s) + Qoz**(s)) 

N24**(s)(Q46**(S)+ Q47**(s)) + Q23**(s) + Q27**(s)1] 

+ (1-Q24**(s) Q42**(s)) [(Qol**(s) Q13**(s) 

+ Q30**(5))N35**(s)(Q57** (5) + Q53**(3)) + Q37**(3) 

+ Q38**(s)}] 

D2(s) = (1-Q24**(s) Q42**(s))(1-Q35**(s) Q53**(s)) x 

(1-Qol**(s) Q10**(s)) 

-(1-Q35**(s) Q53**(3))  [Qol**(s) Q12**(s) Q2o**(s) 

+ Q20**(s) Qo2**(s)] 

-(1-Q24**(s) Q42**(s)) [Qol**(s) Q13**(s) Q3o**(s) 

+ Q03**(s) + Qso**(s)] 

Now we have to find out mean time to system failure (MTSF) 

-d 
i.e. 	E [ Uo ] = 	 Vo**(s)ls.o 

ds 

   

 

D2'(0) - N2' (0) 

   

i.e. 	MTSF 

    

    

 

D2(0) 

  

2  1 

   

In the following expressions we shall be writing @Ii** for 

Q23**(5). 

15 



N2 1 (s) = (1-Q35** Q35**) (Qol** Q12** + Q02**) [Q24** 1 (Q4e** 

+ Q47**) + Q24**(Q48**t+ Q47**°+ (Q28**P+ Q27**P)) 

+ [(1-Q35** Q53**)(Q01** Q12**P+ Q01**'Q12** + Q02**/) 

- (Q35**°Q53** + Q35** Q53** 9 )(Q01** Q12**+Q02**)) 

X [Q24**(Q46** + Q47**) + Q26** + Q27**] 

+ (1-Q24** Q42**)(Q01** Q13** + Q03**) X 

[Q35**, (Q57** 	Q58**) 	Q35**(Q57**1+ Q58**P) 

+(Q37**? 	Q38** 9  )] 

+ [(1- Q24** Q42**)(Qo1** Qi3**° + Qo1**°Q13** + 

D2 1 (5)=-- 

Qo3**') 	- 	(Q24**/Q42** 	+ Q24** 

(Q01** 	Q13** 	+ Qos**)] 	[Q35** 

(Q37** 	+ Q38**)] 

- (Q24**'Q42** 	+ Q24** 	Q42**' 	(1-Q35** 

(1-Q01** Q10**) 	- 	(1-Q24** 

Q42**') 	X 

(Q57** 	+ Q58**) 	+ 

2  2 

Q53**) 	X 

Q42**) 	(Q35**PQ53** 

+ Q35** Q53** P )(1-Q10** Q:`1**)-(1-Q24**Q42**)X 

(Q10**t Q01** + Q10** Q01**') (1-Q35** Q53**) 

-(1- Q35** Q53**) [Q01** Q12** Q20**' + 

Q01** Q12**'Q2o** + Q01** S Q12** Q20** + 

Q02**'Q20** + Q02** Q2o**n 

-(1- Q24** Q42**) [Qol** Q13** Q30**1  + 

Q01** Q13** ° Q30** + Q01** P Q13** Q30** + 

Q03**°Q30** + Q03** Q30**°] 

+(Q35**►Q53** + Q35** Q53**') X 

[Q01** Q12** Q20** + Qo2** Q20**] 

+(Q42**1Q24** + Q42** Q24**') X 

[Q01** Q13** Q30** + Q03** Q30**] 
2  3 

16 



D2'(s)-N2'(s) 

= - (1-Q35** Q53**)(1-Q24** Q42**) [(Qo1*0+ Q024"0  + 

Qo3**')+ Qoi**(Qio**'+ Q12**' + Q13**')) 

- (1-Q35** Q53**) [(Q20**'+ Q24**' + 

Q28**' + Q27**I  )( Q01** Q12** + Q02**) +(Q42**'+ 

Q46**I  + Q47**I  ) (Q02** Q24** +Q01** Q12** Q24** ) 

- (1-Q24** Q42**) [(Q30**'+ Q35** I  + 

Q37**I + Q33**/ )( Qoi** Q13** + Q03**) +(Q53**/+ 

Q57**/ + Q58**1  ) (Q03** Q35** iQ01** Q13** Q35** )] 
2  4 

Substituting s = 0 we have 	Qij** =pij and we get 

D2 1(0) - N21(0) 
MTSF - 

D2(0) 

Where • 

.D2 1(0) -N2/(0) 

= ( 1-133 5 p53 ) (1-p42 p24 ) [go + p01 40 ]  

+(1-p42 p24 ) [(x13 + p35 )15) . (p03 + poi p13 )) 

+ ( 1--p3 5 p53 ) [ (p.2 + p24 µ4) . (p02 + poi p12 )] 
2  5 

and 

D2 (0) 7-- (1-p35 p53 ) ( 1-p4 2 p24 ) (1- poi pio) 

-p30 (1-p42 p24 ) (p03 + poi pia ) 

-p20 (1-p35 p53 ) (p02 + poi p12 ) 
2  6 

rOINTWISE AVAILABILITY AND STEADY  BUIE AVAILABILITY 

Probability that the system is up at time t starting from state.  

Si without transiting to any other regenerative state is given by 

Mi (t) and for different i's we have 

17 



Mo (t) 	F3 	(t) Fl 	(t) 

Ml(t) = G (t) F2 (t) 

M2(t) 	= 	F3 	(t) Fl 	(t) GM (t) 

4;00 	= 	V* (t) F1 (t) Gm (t) 

M4(t) = G (t) F2 (t) 

M5(t) = G (t) F2 (t) 

In the beginning of this chapter we have mentioned that we 

shall apply technique of regenerative process. Applying that 

theory, the pointwise availabilities Ai(t) of system starting 

from a regenerative point are given by the following relations. 

Ao(t) = Mo(t)+ gol(t)(c) Al(t)+ qo2(t)(c) A2(t)+ 4o3(t)(c) A3(t) 

Al (t) = Mi (t)+ qlo(t)(c) Ao(t)+ q12(t)(c) A2(t)+ q13(t)(c) A3(t) 

A2 (t) = M2 (t)+ q2o(t)(c) Ao(t)+ q24(t)(c) A4(t)+ q2s(t)(c) As(t) 

+ q27(t)(c) A7(t) 

A3(t) = M3(t)+ q3o(t)(c) Ao(t)+ q35(t)(c) A5(t)+ q37(t)(c) A7(t) 

+ q38(t)(c) A8 (t) 

A4(t) = M4(t)+ q42(t)(c) A2(t)+ q4e(t)(c) As(t)+ q47(t)(c) A7(t) 

A5 (t) = M5 (t)+ q53(t)(c) A3(t)+ q57(t)(c) A7(t)+ qsa(t)(c) A8 (t) 

As (t) = qs2(t)(c) A2(t) 

A7(t) = q72(t)( ) A2(t) 

A8 (t) = q83(t)(c) A3(t) 

Taking Laplace Transform and solving for Ao*(s) we get 

NA (5) 
Ao*(s) = 

	

DA(s) 	 2  7 

Where { In the following expression we are writing q* for q*(s)} 

18 



NA (s) = {1- Q3 8 * qs 3 * -Q3 5 * ( q5 3 * +Q5 8 * Q8 3 * ) } X 

{1- [ q2 4 * q4 2 * +qs 2 * q2 6 * +q7 2 * q2 7 * - q2 4 * X 

X ( q4 * qs 2 * +q4 7 * q7 2 * ) } [MO* + QO 1 * M1* ] 

+ Cl- q3 8 5  Q8 3 * -q3 5 * ( qs 3 5  +q5 8 5  cis 3 * ) } X 

qoi * Q1 2 * + QO 2 * } [M2 * + q2 4* M4* ] 

+ 1- [ Q2 4 * Q4 2 * +qs 2 * q2 6 * +q7 2 * q2 7 * - Q2 4 * X 

x(q48* q82* +q47* q72* )} {goo.* q13* + cps* }x 

[M3* + q35* M5* ] 

+ (qol* q13* +qos*) (q35* q57* q72* + q37* q72*) 

   

2  8 

   

DA(s) 	= {1- q3 8 * q8 3 * -Q3 5 * ( q5 3 * +qs 8 * co 3 * ) } X 

X{1- [ q2 4 * q4 2 * +qe 2 * q2 6 * +q7 2 5  q2 7 * - q2 4 * X 

X ( q4 8 * qs 2 * +q4 7 * q7 2 5  ) } 

- Cl- q3 8 * q8 3 * - q3 5 * ( qs 3 * +qs 8 * qs 3 * ) } 

X{ qOi* q12* q20* + qo 2 * q2 o * 

- {1- [ Q2 4 * Q4 2 * +Q8 2 * q26* +Q7 2 5  Q2 7 * - q2 4 * 

x(q48* q62* +q47* q72* )1{q01* q13* q30* + 403* q30* } 

- qo * q1 3 * {q3 5 * q5 7 * q7 2 * + q3 7 * q7 2 * } q2 0 * 

Hence the steady state availability 
NA(0) 

Ao = Lim Ao(t) 	= Lim s.A0*(s) = 	 
s=-÷0 	DA(0) 

2  9 

Where 

NA ( 0 ) '= P20 [ p3 0 + p37 + p3 5 p57 ] [ µo + P01 41 ] 

+ [ )1.2 + p2 4 ).14 ] [ p0 1 p1 2 p3 0 + p3 5 P5 7 ( p1 2 + p1 3 ) + 

p3 0 po t ] + 

+ [ 1..13 + p3 5 A5 ] [ p2 0 ( Po  3 + po 1 p1 3 ) ] 
2  10 

And 
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DA I  ( 0 ) = p20 [ p30 + p37 + p35 p57 ] [ }AO + po 1 }J.1 ] 

+ [ µ2 + P2 4 44 ] [ po 1 pi. 2 p3 0 + p3 5 p5 7 ( p1 2 + pi 3 ) + 

P3 0 po 2 ] + 

+ [ + P3 5 45 3 [ p2 o (p0 3 + p01 p1 3 ) ] 

+ {[ 9,28 + p48 p24 ] µe + [ p27 + p47 924 ] p.7 )X 

[ po 1 pi. 2 P3 0 + ( pi. 2 + P13) p3 5 p5 7 

{.1 P3 8  + P3 5  P5 8 3µ8  + 	P3  7 + P3  5 P5  7 	)17 ) X 

X po 1 p1 3 p2 o 

+ [ [ p3 8 + p3 5 p5 8 ] 48 P2.0 po 3 

+ H p2 7 + p4 7 p2 4 3 µ7 po 2 p3 o 	 2  11 



CHAPTER 3 

DESCRIPTION a BLOM SBR MODEL 2 	
In this chapter we 

consider a two unit system with all those assumptions which we 

have considered in the previous chapter along with the 

following ones 

1. The units are warm standby in place of cold standby. 

2. The operative unit can go from 0- mode to P- mode and then 

to F- mode i.e. 0-mode unit can not go directly to the F-

mode and the standby unit can fail only totally. 

3. Standby unit after total failure requires two types of 

repairs viz. major and minor with probabilities a and a 

respectively such that a + a = 1. 

4. Fs(t) and fs(t) are the cdf and pdf to time to failure a 

standby unit totally. 

DENSITY FUNCTION  QF TRANSITION TIMES 

qol (t) = fi (t) F8 (t) 

q02 (t) = a.fs (t) Fi (t) 

qo3(t) = 	h(t) 

qlo(t) = g(t) F2 (t) Fs (t) 

q42(t) = q53(t) 

= g(t) 

q12(t) = b.f2(t) G(t) Fs (t) 

q46 (t) = q57(t) 

= blf2(t) G(t) 
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.TRANSITION DIAGRAM OF MODEL 2 

UP State 

Dawn State 
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q13 (t) = b.f2(t) G(t) Fe (t) 

q4? (t) = q58  (t) 

= 17.f2(t) G(t) 

q24(t) = fl(t) GM(t) 

q35(t) = fl(t) Gm (t) 

q2o(t) = gm(t) Fl (t) 

q3o(t) = gm(t) Fi(t) 

q14 (t) = a.fa(t) 12(t) 6(t) 

(t) 	(t) 	6(t) 

qs2(t) = gm(t) 

472 (t) = $n(t) 

q83(t) = gm(t) 

qii(t) = 0 otherwise 

Note:- P = [(pij.)] denotes the transition probability matrix 

= 	(00)1 = (Qij** (0)] 

TIME E2 .515.1121 MIME 

We have following renewal process arguments :- 

Vo(t) 	Qol(t)(s) 	+ Qo2(t)(s) V2(t) + Qo3(t)(s) V3(t) 

V1 (t) = Qlo(t)(s) Vo(t) + Q12(t)(s) V2(t) + Q13(t)(s) V3(t)+ 

Q14(t)(s) V4(t) + Qls(t)(s) Vs(t) 

V2(t) = Q2o(t)(8) Vo(t) + Q24(t)(s) v4(ty 

V3 (t) = Q30(t)(s) vow + Q35(t)(s) V5 (t) 

V4 (t) = (142(t)(s) V2 (t) + Q46(t) + Q47(t) 

V5 (t) = Q53(t)(s) V3 (t) + Q57 (t) + Qsa(t) 

Taking Laplace Stieltjes transform and solving we obtain the 

LST of distribution functions of the failure times assuming that 
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system was initially in state So and if we consider 

N4 (s) 
VO**(S) = 	 Then we have from the above set 

D4 (s) 

N4 (s) 	= {1 - Q35**(5) Q53**(5)1(Q01**(5) { Q12**(S) 

Q14**(s)Q42**} + Q02**(s)(Q48**(5) 	Q47**(s)A424** 

+ {Q14**(s) 	(Q46**(s) + Q47**(s)) + Q15**(s) (Q57**(s) 

+ Q5e**(8)1 f1-Q24**(s) Q42**(s))] 

+ i1-Q24**(s) Q42**(s)} (Q57**(s) + Q58**(s)) 

[ Qpi**(s){ Qls**(s) + Q15**(s) Q53**(s) 	+ 

+ Q02**(5) 3 Q35**(5) 
3  1 

D4(s) = (1-Q24**(s) Q42**(s))(1-Q35**(s) Q53**(s)) x 

(1-Qol**(s) Qlo**(s)) 

-(1-Q25**(s) Q53**(s)1 [{Q12**(s) + Q14**( 5) Q42**(s)} 

{Q02**(s)+Q°1**(s)1] Q2o**(s) 

-{1-Q24**(s) Q42**(s)] [{(413**(5) + Q3.5**(s) Q53**(s) 

No3**(s)+Qp1**(s)1] Q30**(s) 

3  2 

Now we have to find out mean time to system failure (MTSF) 

-d 
i.e. 	E [ Uo ] = 	 Vo**(s)113=o 

ds 

D4'(0) - N4'(0) 
i.e. 	MTSF 

D4 (0) 

In the following expressions we are writing Q11 j** for QW*(s) 

After differentiation of 3.1 and 3.2 we can find :D4'(s) - N4'(s) 

and substituting s = 0 we have Qij** zpij and 
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D4'(0) - N4'(0) 

7-*  ( 1 - p 35 p53 ) ( 1-P4 2 p24 ) [40 + P01 { µ0 + p1 4 44 + 

P1 5 	1-1.5 	] 

+(1-p42 p24 ) [ (43 + lass is.5) . (pas + P01 pi 3 + poi 

p1 5 p53 ) 3 

+(l-ps5 	p53 ) 	+ p24 p4 ) 	(pcs + poi p1 2 + poi 

p1 4 pa 2 ) ] 

and also 

D4( 0 ) 	( 1 -ps 5 p53 ) ( 1 -P4 2 p24 ) ( 1- po i pi o ) 

- p3 0 ( 1 -P4 2 P2 4 ) [ p1 3 + pi 5 p5 3 ] 1)01 + Po 3 } 

- p2 0 (1-ps 5 p53 ) [ P1 2 + pi 4 pi 2 ] (p01 + po 2 } 	'''' " 35. 

For conveniency we have omitted the steps in the above 

calculations. 

Hence by assuming varios types of distribution we can find 

MTSF. 

Probability that the system is up at time t starting from state 

Si without transiting to any other regenerative state is given by 

Mi (t) and for different i's we have 

Mo (t) 	= Fe 	(t) Fi 	(t) 

Mi (t) = G (t) F2 	(t) is 	(t) 

M2 (t) 	= 	Fi 	(t) GM 	(t) 

M3 (t) 	= 	ii 	(t) dn 	(t) 

M4 (t) = G (t) F2 	(t) 

M5 (t) 	= G (t) F2 	(t) 

POINTWISE AVAILABILITY AND STEADY STATE.  AVAILABILITY 

Applying the same procedure as we have done in the previous 

A01144 efir^^-A\ 

littoonEEW 	25 
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chapter, we get the pointwise availabiiitteS Aa(t) of system 

starting from a regenerative point as follows : 

Ao(t) = Mo(t)+ qoi (t)(c) Ai (t)+ qo2(t)(c) A2(t)+ qo3(t)(c) A3 (t ) 

Al (t) 	= M1 (t)+ qio(t)(c) Ao(t)+ q12(t)(c) A2(t)+ qi3(t)(c) A3(t) 

+ qi4(t)(c) A4(t)+ q15(t)(c) A5(t) 

A2 (t) = M2 (t)+ q2o (t)(6) Ao (t)+ q24 (t)(c) A4 (t ) 

A3 (t ) = M3 (t)+ q3o(t)(c) Ao.(t)+ q35(t)(c) As(t) 

A4 (t) = M4 (t)+ q42 (t)(c) A2 (t)+ q48 (t)(c) As (t)+ q47(t)(C) A7 (t) 

A5(t) = M5(t)+ q53(t)(c) A3 (t)+ q57(t)(c) A7 (t)+ q58(t)(c) A8 (t ) 

As(t) = qs2(t)(c) A2(t) 

A7 (t ) = q72(t)(c) A2(t) 

A3(t) = q83(t)(c) A3(t) 

Taking Laplace Transform of the above set and solving for 

Ao*(s) we get 

NB ( 	) 
Ao*(s) 

DB ( s)  

Where 
NB(S) 	{1 	- q24 	(q42 	q46 	q62 	+ q4? 	q72 	)}( 	[1 - q35 (q53 + 

q58 	q8 3 ) ] 	[MO 	+ qoi( Mi 	+ q15 	M5 	+ M4 q3. 4 ) ] 

+ 	(M3 	+ q3 5 	M5 	) 	[qoi 	(q13 	+ q15( 	q5 3 + q5 8 q83) ) 

+ qo3 ]}[l - q35 (q53 + q58 q83)] (M2 + q24 M4 ) 

[qoi 	(q12 + q14( q46 q6 2 + q47 q7 2 ) + 

qi 5 q57 q72 ) + qo2 } + (M2 + q2 4 M4 ) [qoi (q13 + 

qi 5 ( q5 3 + q5 8 q83 ) ) + q0 3 3 q35 q57 q72 

Da = {1 - (go' qlo ) [1 - q35 (q53 + q58 q83)] - q03 q30 - 

[qoi (qi 3 + qi 5 ( q53 + q58 q83 ) ) 3 q30 } 

x 	1 - q2 4 ( q4 2 q46 q82 + q4 7 q72 ) ) 
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