PG/MEC/PE/1/1231
M.E. Mechanical Engineering - First Ycar - Second Semeste.r Examination-2024-25

Sub : Reliability Engineering in Design;
Full Marks : 100 time : 3 hrs

Answer any five questions (20 X5 = 100)

1. a) Define reliability and explain the role of reliability engineering throughout the product life cycle.
b} Define and derive the expression for | '
i) Reliability i) MTTF  iii} B, (the 20th percentile) life
¢) The hazard rate of a component is :

h(t) = 0.03t"%, t>0
The failure rate is in failures per year.

(i) What is the reliability function of this component and what is the value of the reliability for a
period of 2 years?
~ (ii) What 1s the median life or By, life of this component?
6+6+8

2. a) The no. of days to Failure of 10 components are as follows
1200, 807, 1330, 950, 1055, 1185, 880, 1210, 1395, 1090

Assume two parameter Weibull distribution and estimate the values of failure parameters using analytical

method. Calculate the reliability and failure rate of the component for a specific time period of 1025 days.

b) A component has the normal distribution for time to failure, with p = 26,000 hours and ¢ = 3500

hours.
(i) Find the probability that the component will fail between 22,000 hours and 23,000 hours.

(ii) Find the failure rate of a component that has been working for 22,000 hours.

10 +10
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3. a) Explain the Bath tub curve.
b) What is series configuration? A ten-component system with 95% reliability is to be designed. The

system is to be designed in such a way that if any component fails the system would fail. What should be the

reliability(R) of each component?

¢) In an electrical distribution system, electronically operated circuit breakers(CBs) can be activated to
interrupt the current. If the current exceeds 105% of the rated line current it is required that the circuit breakers
open, thereby disconnecting the supply. The probability that a circuit breaker functions correctly is 0,98, and
each breaker has its own line voltage sensor. If the reliability associated with interrupting the circuit is to be at

least 0.999, how many circuit breakers in series are necessary to achieve the desired reliability?

5+7+8
4. a) Explain the 1-Active redundant, 2-Standby redundant and 3-Shared parallel configuration?
b)let R, =0.95, R, =0.85, Ry =0.75, R, = 0.8 and the components work independent of each
other. Calculate the reliability of the configuration.
A
I
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¢) Find out reliability of K-out-n configuration.
6+8+6

5. a) Calculate the reliability of the system shown using network reduction technique?
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b) What is Quality Function Deployment? Why it is important ?

. ¢) Design a House of Quality for a Refrigerator/Car/Motor Bike/ A.C machine
6+6+8

6. Explain the working principle of the optimization techniques ( any two)
a) What is Design for Six Sigma ? Why it is important ? Explain the different steps in DFSS .

b) .

Analyze the following fault tree:

¢) Prove that, if the hazard function is constant , the lifetime is exponentially distributed.
10+6+4
7. a) Compare parametric and Non-parametric reliability analysis.

b) . Estimate the density function, the reliability function and the rate function related to a product whose life

test results for 200 units are shown on the following histogram.
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¢) Explain the principle of maximum likelihood.

. Given a random sample X; X;,X;, X3, X, from an exponential distribution, use MLE method to estimate

mear.

If the sample is (1.1, 0.9, 1.21, 0.8) calculate the value of mean,
4-+8+8
8. a) Explain accelerated life test in detail.
b) List and briefly explain the four main assumptions that must hold for a one-way ANOVA to be valid?

Two fatigue life test experiments are done at two different Jabs on the same material and fatigue strength

obtaines as
Test 1 : 540, 560, 532, 546 in MPa ’

Test 2 : 520, 530, 560, 543 in MPa

Use ANOV A method to conclude whether both materials are same or not ? 8+12
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F - Distribution (¢t = 0.01 in the Right Tail)
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