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ABSTRACT

Inthis paper, a complex system consisting of n components with constant failure rates

DM aendy and general repair time distributions with independent probability densities

8,(x), 8y(x); . ., Sn(x).is.examined with regard to Dependability. An attempt has been made-
to obtain the pointwise availability of the system which may be used to obtain the other
two measures of Dependability, viz.; Reliability and Interval Vuvailability. .

INTRODUCTION
- Dependability is one of the most important measures of any system where failure is
possible. This is defined as the probability that the system will be able-to operate -when

needed. There are many different possible measures of dependability. Three of the most
important measures which are listed by Hosford! are: ‘

(1) Pointwise availability: the probability that the system will be able to operate
within the tolerances at a given instant of time. This is sometimes referred
to as operational-readiness. o o

(2) Reliability: the probability that the system: will be able to oi)era,te without a
failure for a given interval of time. Faiture is defined as the inability to operate

within the tolerances: T RN

(3) Interval Availability : An expected: fraction of a given. interval of time ‘that
the system will be able to operate within the tolerances. This is often referred
to as efficiency. - )

Hosford considers a system with exponential failure and repair time distributions, In
this paper, a complex system consisting of » components is exarnined with regard to
dependability under the assumption of exponential failure time distributions and general
repair time distributions with probability densities 8, (x), S, (x),...... » Su (x) respectively.
The pointwise availability for such a system. is obtained. The supplementary—Variable3
technique is employed for the solution.

DIFFERENTIAL EQUATIONS GOVERNING THE BEHAVIOUR. OF THE
) : - COMPLEX SYSTEM )

Define,

P (2t).A = the probability that at time ¢, the system which has failed be-
cause of the failure of the ith component is under repair and the elapsed repair time lies
in the. interval (z, 4+ A ). ’ '

P, (t) = the probability that the system is in the operable state at time 7.
The forward equations for the prbdeés maj{";be seen to be:—

Py @+ A+ A)=P @8)[1—n @) A] .. .. (1)
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P+ 5) =P, 0 [1 - ém A] + of Zp @) m @ de. A . (@)

where 7; (z) A isthe first order probability that the system is repaired in the time inter-
val between ¢ and  + A, conditioned that the system has not been repaired up to time x.
The relation between ; () and the probability density S; (#) is given by,

: 2
-—f i (7) de
8 (@) = (x)e IR v N )
a detailed description of relation (3) appears in Davis? in connection with failure time distri-
bution. EAE ‘ Ty : SR ‘
Equations (1) and (2) are to be solved uuder the boundary condition:
Pi (o) =N Byf) e e e e e 0 (4)

" which specifies that as soon as the system fails because of the failure of the ith-componiétit,

it is put under repair.

Equations (1) and (2) become when A’ —;9 0; .

B0 par o= Sh@on @l . O

where AEA;:A

.=l . . A .
Assume that the system is opera.t{ng iniiaia;llz_, go that P_(0) = 1. - Let the Laplace
transoform? of the function f () be denoted by f (s) ie. :
- o o -
f(s)= f e f(t) dt, Re(s) =0

Applying the Laplace transform, the equations (5), (6) and (4) with the initial condition
mentioned above become, ;

&;—;”ﬁ)—+ [s+m% (@1 (2,5 =0 - e M
(s 4 A) ?o (5)—1= J- $ P; (x,5) (x) de .. | .o o (8)
0 1:f . . I o .

P (08) =X P,(s) .. . " .. .. (9)
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 Using (10) in (8), we gt mep s TG

(s+ NP, (s)_.lg_ :
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i.e. (s—}—)\) P (s)——l = P (o,s)f 17, (x).e ° e dar e
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; Employing.the re,l—'aﬁi:dn"‘(%jf'm the ‘a.béve'\ expi:emfén, we have,

(s+)\)P (s)—wl.*EP (Os)f S (x)
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13 (s+/\)P (s)———l—//P (os)S (s) | e e e (11)
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where S; (s) is the Laplace tra.nsform of S (x) SRR
' Substltutmg the value of P; (o s) from relatlon (9) m re]at;lon (] 1) we get

(s—l ).——Z') 8; (s\)?(s)—,‘t

¥

e s-‘q)}———Zf),S,(s) P N R LI TS I
, Ci=1" ‘

4Also‘ hetting thé valuq of Po,(sk') from relation (12)in rel&_ti;g,g, (19), we haye,. S %
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Again P; (s), the Laplace transform Sfthe prot ab1ﬁty P; (t)tha,tthe system is
- under repair due to the failure of the ith component, is given by, ;

_?; (s) ='fl~’;u(w,;),d’aéi LT T (18

Using the relation (10) in (14), we gef,

which on integration by parts gives,

- _ 18
P; (SL_———”P; (O,S)M[—}f’*‘—“;—(‘%)‘ ] (15)
Substituting the value of P; (o,s) from ;'elatioh (9)111 rélétion (15), we get,
P (s) =X P, (s)[ 1= f" (s),,] e Lo (18)

s

Using relation (12) in (16), we have, . =

_ NoT v 1-F () o -
H (8)= p [ 1 lg” (3) — ] . (17) B
s+A— 2N 8 () 5
Lo =1

3
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Therefore 7' (s), the La.pia:ce transform of the probability Py (t) that the system is
under repair due to the failure of any one of the n components, is given by,

Pr(s) = 2 P, (s)
. 1 @1
Using the relation (17) in the above expression, we get,

Prp)=2 Lt R
=1 ¢ sHA—=2Z N 8 (s) .
T i=1 -

*

The probabilities that the system is ini the opera,bl; state or in the fa.iled ‘state may be -
obtained on inverting (12) and (18) respectively for a specified value of the probability
density, 8; (z). : ' _ s

PARTIOULAR CASES. | * T T e
(1) Ewponential Repair time distribution | |

For this-g‘za,se S'!'-s = L J oy e T
5 () st e
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'—P_o(s) = [ ~ m 1 - } TR .;‘ ,“‘ o Tiemeon . (19)
- + =1 +l"‘1 ‘, n
5 RS ' 1 , ‘
P; (s) = ol o 7 J . . .. (20)
- l'=l“' S’Hh' e '

andPF(s)__",{ L. E } L @)
e (o E ) S |

(2) One Component with K-Erlang repair time distribution

If there is a single component with K-Erlang repair time distribution, equatlons (12)
and (18) become,

1
s+ A ~}\(I‘/s+u)K

Po(s)= - (22)

o ’ 2 1 R
and By (3):(s+p) s Y oS .. (23)
Relations (22)‘ and (23) may be inverted for any given set of valuesof A, x and K.
(3) One Compohem; with Constant repair tate
Sétting K =1 in relations (22) and (23), we get,

Pys)=— +’A1_ Y (24)

and Z’F(s)g S(S—I—i-l—pt) .. .. .. .. (25)

" Relations (24) and (25) on inversion give,v |
Po(t)z.‘ "+AGX§’J£:(A+“)‘] e o)

md  Pr()= "'_“XPA[_::‘% g)i] L L@

Relations (26) and (27) correspond with their counterparts, as glven by Hosford?,
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