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¢ Write your number and name below.
¢ Add your answers to this and the following page.
* Please justify all your answers.
¢ This test has ONE PAGE and TWO QUESTIONS. The total of points is 4.0.

Number: Name:

1. A car needs wheels (component 1), an engine (component 2), a transmission (component 3), and one
out of two brake systems (components 4 and 5) to function.

Admit that the components of this car system operate independently and their reliabilities are equal to
pi=p(i=1,..,5).
(a) Identify the minimal path sets and the minimal cut sets of this system. (1.5)
Provide expressions for its: i) structure function (in terms of the minimal cut sets); ii) reliability.
¢ Minimal path sets
2,=1{1,2,3,4,, 2,=1{1,2,3,5}, p*=2minimalpath sets
¢ Minimal cut sets
H={1}, H>=1{2}, #3={3}, #1=1{4,5}, g =4minimalpath sets
¢ Structure function (in terms of the minimal cut sets)
q
Th.1.
o) =TT - 11 (1—&)}
Jj=1 i€k
= [T-0-XDI x[1-(1-X2)]x[1-(1-X3)] x[1-(1-X4)(1-X5)]
= X1 x Xp x X3 x (Xg+ X5— Xy X5)
¢ Reliability

r(p) = ElpX)]
= E[X) x Xo x X3 x (X4 + X5 — X3 X5)]
Xi~iiaBer(pi)
= P1P2p3(pa+ ps— paps)
PP p’ep-pd  [=p'e-pl.
(b) Admit now that the components of the car system operate in a positively associated fashion. (1.0)

Determine the min-max lower and upper bounds to the reliability of this system.
¢ Min-max upper bound
[Since we are dealing with a coherent system with components operating in a positively
associated fashion, we can apply Theorem 1.70 and obtain]

1- H(l—p»}

i€

Th.,1.70 .
r(p) < .min
= j=1enq
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rp) Y= Eninq[l—[l—p)#‘lf]
— 1-(1- p)minFI _____ gt j
= p
Th,1.70
r(p) = max | [] pi
- =leP” | jegp;
PZP max p*®
j=L...p*
— pmin/:l _____ P HPj
= p4.

2. Admit that the times to failure of the components of the car system are independent and exponentially (1.5)
distributed with parameter A.

Write down the time to failure of the car system (T) in terms of the times to failure of its components.
Derive expressions for Rr(¢) and E(T).

* Time to failure (components)
T; = time to failure of component i
T; "% exp(l), i=1,...,5

e M =0

Ri()=P(T;>1)=R(1) = {
1, t<0
¢ Time to failure (car system)
T= min{Tl, Tz, Tg,maX{TA, Ts}}
¢ Requested reliability
Ry (1) = P(T>1)
= Ry () x Ra(#) x Rg (1) x {1 = [1 = Ry(0)] x [1 = R5(1)]}

[R®)® x {1-[1-R®I}
= [R®)1® x {2R(8) — R(D]*}
= [R®)* x 2= R(1)]
= e Mt (Z—e’“), t>0
= rR@®,....R@®) =1, .. et

¢ Expected value of T
+00
By A f R(t)dt

0
400

_ [ oA (2—87“) dt
0
Lo[*e o ane Lo[* ., A

= —f 4e dtf—[ 5Ae "'dt
A 0 51 0

1 [t 1 [+
= ﬂfo‘ fexp(UL)(If)dtfafo fexp(s)t)(f)dt

Laro
= —x1l-—x
21 51
_ 3
-0
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