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ST 2957 - RELIABILITY THEORY

Date & Time: 23/04/2010/ 1:00 - 4:00 Dept. No. Max. : 100 Marks
SECTION -A (10 x 2 = 20 marks)
Answer all the questions. Each question carries TW@arks
1. Define the following: (a) Mean time beforelfiae (MTBF).
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(b) Poinvailability.

. If the hazard function r (t) =%3t>0, obtain the corresponding probability disttibn

of time to failure.

. In the usual notation, show tat MTBF = R*(0).

. Explain in detail a parallel — series systeroraler (m,n).

. What is meant by reliability allocation?

. Define Coherent Structure and give two examples.

. Define: (i) the number of critical path vectofscomponent i and (ii) relative

importance of component i.

. If X1, Xa,...,Xn are associated binary random variables, shaiv

(1-X), (1-Xy),...,(1-Xn) are also associated binary random viéegab

Give an example of a set of random variablesatenot associated.
. Show that F is IFRA if and only [ (at) > I:a(t) for all O<a<1 and *0.

SECTION-B (5 x 8 = 40 marks)
Answer any FIVE questions. Each question carries E3HT marks.

Obtain the reliability function, hazard ratelahe system MTBF for the following
failure time density function.
f () = 20 exp(Bt, t>0.

Find the system MTBF for a (k, n) system, wttenlifetime distributions are
independent exponential with the parameté&ssume that the components are non-
repairable.

Suppose that @) is the density function for; T the time to failure of'l

component in a standby system with threepeddent components and is given by
gi(t) = A € i=1,2,3: 0% Aot A

Obtain the system failure time density fuoctand hence find its expected value.

Find the mean life time of a (2, 3) systemnofependent components, when the
component lifetimes are uniformly distributad ( O, i ), i =1,2,3.

Let® be a coherent structure. Show ttgk I1y) > O(x) 11 O(y).
Further, show that the equality holds forxadind_yif and only if the structure is
parallel.




16. Let h be the reliability function of a cohersgstem. Show that

h(plIp’)=h(p)IlIh(p’) ¥-0<p,p'<1
Also, show that the equality holds if andyorfithe system is parallel.

17. Suppose that; T T,,..., T, are random variables that are associated. Shatw th
(a) any subset of the associated randomhlagas associated.
(b) a set consisting of a single random \deids associated.

18. If the probability density function of F exisshow that F is an IFR distribution
if and only if r(f)t.

SECTION-C (2 x 20 = 40 marks)
Answer any two questions. Each question carries TWETY marks.

19. (a) Obtain the reliability function and thessgm MTBF for Gamma failure time
distribution with the parametexsand p. (10 marks)
(b) What is a (k, n) system? Obtain theesystailure times density function for a
(k, n) system, when the componentfaitimes are independent and identically
distributed. (2+8&urks)

20. A system consists of a single unit, whoseitifetX and repair time Y are
independent random variables with probabdigysity functions f (.) and g (.)
respectively. Assume that initially at érmero, the unit just begins to operate.

(a). Determine the reliability and availatyilof the system. (2+6 marks)
(b)ShowthatA, = _ B (6 marks)
E(X) + E(Y)
©) Ifft)=Ae™ A >0,t>0andg(t)=&™, u>0,t>0, determine the
reliability and availability of the sesn. (6 marks)
21. (a) Define: (i) Dual of a structure (ii) Patictor (i) Cut vector
(iv) Minimal path vector (v) Minimal cut vector. (10 marks)
(b) Let h be the reliability function of atterent system. Show that
h(pp)<h(p).h(p) forall0<p,p<l (10 marks)

22. (a) Examine whether Weibull distributiorai®FR distribution. Hence or
otherwise, establish that exponemtistribution is both IFR and DFR.

(10 marks)

(b) State and prove IFRA closure theorem (10 marks)
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