Ex/EE/T/423C/2018
BACHELOR OF ELECTRICAL ENGINEERING EXAMINATION, 2018
(4“‘Year, 2nd Semester, )
RELIABILITY ENGINEERING
Time; Three Hours | Full Marks: 100
(50 marks for each part)

Use a separate Answer-script for each Part

PART — |

Answer any three questions
(Two marks are reserveAfor neatness

and well organized answers)

1. For the system shown in Fig. 1, the main feeders of section 1, 2 and 3 have failure rate of 0.2
failure/ yr and the lateral distributions have a failure rate of 0.3 failures/ yr. Other reliability
parameters are given in Table-1.The number of customers and average load connected to load
points A, B and C are 800, 9000 MW, 800, 1500 MW and 700, 2000 MW respectively.
Calculate the failure rate, outage time, unavailability of each load point and also the load and

energy oriented indices. . 16
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Fig. 1
Table - 1
Component r (hrs) s (hrs)
Section '
1 1.5 : 0.20
2 2.0 0.30
3 2.5 0.30
Distributor
a 2.0 0.20
b 3.0 0.20
c 1.5 0.30
2.a) Define the following terms: _
i) Active failure ii) Passive failure and iii) Stuck condition of breaker 6

b) For the system shown in Fig. 2, compute the ayerage repair time, annual outage duration and
failure rate of load point L1 and L2 with the following condition.
i) isolation of failed component not possible
ii) isolation of failed component is possible
Considering the failure rate of 0.2 failure'. /yr, repair time of 60 hours and switching time of
1.5 hours for each transformer. 10
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A system contains four 70 MW units-and onel00 MW unit each having F.O.R. = 0.03.
Construct the capacity outage probability table rounded off to 75 MW steps. 8

Explain with the help of suitable example why ‘loss of largest unit method’ is preferred to
‘percentage reserve method’ while computing risks in two almost similar systems. 8

A generating system contains three 25 MW generating units each with 4% F.O.R. and one 30
MW unit with 5% F.O.R. If the peak load for a 100 day period is 75 MW, what is the LOLE
for this period? Assume that the appropriate load characteristic is a straight line from the
100% to the 60% load points. Variation of load from 100% to 60% takes place in 100 days. 10

Briefly discuss the method of recursion with suitable example. 6

: ; _ @an? | @o?
If failure rate is constant for a system, then prove that Q(t) = At — ETRRETREER 5

A system contains 5 x 100 MW units with the following parameters: failure rate = 0.02
failure./day and repair rate = 0.48 repair./day. Draw the state space diagram. Compute the
capacity outage probability table including rate of departure & frequency. 11
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BACHELOR OF ENGINEERING IN ELECTRICAL ENGINEERING EXAMINATION,2018
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RELIABILITY ENGINEERING

Full Marks 100
Time: Three hours (50 marks for each part)
Use a separate Answer-Script for each part
No. of N Marks

PART - 1l

Questions

Answer any TWO questions

1. (a) | For the reliability analysis, a sample of 200 s-identical
analog multiplier modules were simultancously placed for | 15
life testing. The test was stopped just when 20 modules
failed. The times at which the failures occurred are : 742, |
773, 786, 801, 812, 839, 866, 882, 903, 941, 952, 966, 990,
1003, 1120, 1251, 1273, 1311, 1341, and 1352 hours.
Determine the maximum likelihood estimate (MLE) of the
failure rate of the multipliers. Calculate the two-sided 90
% confidence interval for the mean-time-to-failure
(MTTEF) of the modules. Also obtain the 90% two-sided
confidence interval for the reliability of a module at 900
hours, and furthermore, that of a design life of the module
on the basis of a reliability of 85%. Assume exponential
life distribution. Use the Chi-square table attached. Use
linear interpolation wherever necessary. Derive the
expressions used for MLE and confidence-interval
estimation.

(b) | Lifetime of a certain type of motor follows 'a Rayleigh
distribution, the probability density function being

—-1.57x107¢
2

The manufacturer replaces free all motors that fail while
under guarantee. If the manufacturer is willing to replace
on]y 3% of the motors that fail, how long a guarantee
should he/she offer? What is the average life of this type
of motors?

If a motor survives for 12 years, what is its probability of
supviving a further period of 3 years? Derive the relevant
expressions. '

f(t) = 1.57x10"2texp{ J; where t is in years. | 19

2. (a) | If R(¥) is the system reliability without maintenance, fj is
the time interval between consecutive preventive
maintenances and M is the number of complete preventive | 12

[ Turnover



Ref No: Ex/EE/T/423C/2018

gf'- o o PART - I Miarks
ue.

maintenance intervals survived by the system, derive the
expression for the probability of survival of the system up to
an instant ¢ , taking into consideration the effect of
preventive maintenances. State clearly the assumptions made

(if any).

Also show that preventive maintenance does not improve the
system reliability for constant failure rate model.

What will be the reliability function taking into account the
preventive maintenance, if the failure-time has a Weibull
distribution? ; '

(b) | An industrial fan has a failure rate of 0.05 f/week. Evaluate
the system reliability for an operating period of 30 weeks &
the MTTF, when no spares are available. Derive the | 13
expression for the probability density function of the time-
to-failure of the complete system, when two spares are
carried as immediate replacements. Also obtain the above
mentioned reliability and the MTTF of the complete system,
taking info account the spares. The first replacement has a
failare rate of 0.07 fAveek and the second has a failure rate
of 0.08 f/week.

3.(a) | The time-to-failure of a continuously operated electrical
system hgs a probability density function

f(t)mtexp(-t) u(t) 13

where ¢ s in months,

The system starts under a new condition at t=0, and after

every repewal it can be treated as a new system. The
. duration of the down-state of the system can be considered as

negligibly small in comparison with that of the up-state.

Determine the expected number of cumulated failures up to

14 months and also the repair rate at t = 24 months.

Derive the expressions used.

(b) | In the event of a fault, the time-to-repair of an alternator is
found tq have a  Weibull distribution with a shaping
parameter of 0.5 and scaling parameter of 10 hours. Obtain
the maiptainability of the generator at 12 hours from the 12
instant of occurrence of the fault, the mean-time-to-repair
(MTTR), and alse the steady-state availability, if the MTTF
is 800 hoprs.
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(a) | Accelerated life testing of electronic components at|127%
enhanced humidity, at elevated temperature, and at | -+

escalated current.

(b) | Evaluation of reliability of majority-vote or m-out-of-n

engineering systems.

(¢) | Lognormal distribution and its application in the reliability
assessment of engineering items.

4. | Write short notes on any two of the following.

12 %
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If Xisa y* random variable with K degrees of freedom,

Pr(XS zi,_() =q

PART - 11
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