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Lal

@ Develop delta to star cyuivalent reliubility relationships. Using these
resulting equations calculate the reliabi lity of a bridpe network with its cach 12)
unit reliability of 0.9.

Marks

o\
b (a) Prove that a mechanical companent relinbility is given by

T . = )

L)
iy

where
2 is the reciprocal of the mean value of strength.
1 15 the reciprocal of the mean value of stress.
o8
@Provc that the mean time 1o fuilure of a system is given by
/ (¢]
Cal L : (©)

mrrr=2Lt L 1
4 12 ’“1 v JL,_

where

4y is the unit 1 failure rate.
1o 1 the unit 2 failurc raic,

Write down any assumption associated with your proof,
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&
(QP\ A system has three independent and non-identical active units, At least two
of the three units must function normally for the svstem’s successful {12)
Ca,[L opceration. Develop expressions for the system reliability and mean-time-to-
failure if its unit failure times are exponentially distributed.

//\r(l*‘\ﬁf I

4 (a) Describe the failure modes and effecrs analysis (FMFEA) method. {6)

{h) Describe the following :

. A three-state deviee (6)
. FFault tree analysis
. Constant faiture rate
. Bridgge network
. Hazard rute
. AND gate
~ Assume that th-ree independent and non-identical diodes (1., three stale | (12)

devices) form a series system. Develop expressions for the syslem reliability,
open-mode fatfure probability, and short-macde failure probabi lity '
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el ' MARKS
1 sume that a component’s stress and strength are exponentially (6)
\ istributed. Develop an expression for its reliability. ‘
escribe in detail the following terms: s (6)
. Markov method ) N
. Cumulative distribution function L )
. Common-cause failure - ST

\/ system is composed of four independent -@ At (12)
least two units must function normally for the system success. Develop

expressions for system reliability and mean time to failure if the units’
failure times are exponentially distributed.

A el
/@ Prove that a parallel system composed of n independent and identical " (12)
three-state devices reliability is given by
R=(-q)-q
where v
R is the series system reliability.
Go is the open-mode failure probability of a three-state device
q. is the short-mode failure probability of a three-state device
\0O Car-
4. Assume that five independent and identical units form a bridge network. (12)

Calculate the bridge network’s reliability by using the decomposition method,
if each unit failure probability is 0.1.
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. Define the following terms: (12)
- Infant mortality period

« Hazard rate

< Success tree

«  Weibull probability density function

- AND gate

- Mutually exclusive events
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’ MARKS
@Prove using the Markov method that a system s steady state availability, AV,
in given by

AVgs=_p
Aty
(12)

where A is the constant failure rate of the system.
p is the constant repair rate of the system.

I (=B 4=y By P o

°23
@Pw‘ve that the mean time to failure of a system is given by: (12)
MTTF = 1 +_1 - 1
M 2, Mty
where 2, is the unit 1 failure rate.
A, is the unit 2 failure rate.
Write down any assumption associated with your proof.
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relationships. Using these resultmg expressions, calculate the fai

ur,
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e I ork w1th each uni pen—mp/i afd short-mod

of a five independent unit brids
.~ Tailure'probabilities o @ \

———
,,,,,,,,,,,,,

9

&cg)a‘bility a \ |

@,2 é/ — (- 0,J),’/:;2?));.€2 /“{"5, (4 “?

~4-}Define the follewing Terms:
Q-//"Constant ‘failure rate 6 L 4

Aod— BN U

/ OR gate, 7/

“
Q.) Fault tree \ Eﬁ

/” ’ -~
/C) Bathtub hazard rate curve

@ Rayleigh probability density function
. /’\.
;Q(s}ommon-%ause fallme
— 5{ b .»
@Prove that a mechanical component reliability is given by

i)‘r} —sr 7 Of/)} /é
4
’(7(5 + fd _ R= le

x+y

where x is the reciprocal of the mean value of stress.
y is the reciprocal of the mean value of strength.

Show the plot of component reliability as the stress increases.

oo 20 J
/f;m[/flﬂ) b
sz

(12)

' : ....D_r*
‘Jr*c/j: —@—(ﬁ e /
— 5

.‘»"/’ .
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S ~ MARKS

- 1. a) Assume that a component’s stress and strength are exponentially (6)

distributed. Develop an expression for its reliability.

b) Describe in detail the following terms: (6)
. ~"Markov method »
» ' Cumulative distribution function
. Common-cause failure
2. A system is composed of three independent and non-identical units. At - (12)

least two units must function normally for the system success. Develop
expressions for system reliability and mean time to failure if the units’
failure times are exponentially distributed.

/

3. Prove that a parallel system composed of n independent and identical (12)
three-state devices reliability is given by

R= (1 -q.)-q"

where
R is the parallel system reliability.
Qo is the open-mode failure probability of a three-state device
q, is the short-mode failure probability of a three-state device
‘/4. Assume that five independent and identical units form a bridge network. (12) -

Calculate the bridge network’s reliability by using the decomposition method,
if each unit failure probability is 0.1.
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5. Define the following terms: ' ‘ (12)

»  Hazard rate

*  Fault tree

* Bathtub hazard rate curve

*  Weibull probability density function
» AND gate ’
*  Mutually exclusive events
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