Gamma Distribution:

The failure density function for gamma distribution is
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where 1 is a shape parameter and & is the scale parameter
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If 1 is an integer, it can be shown by successive integration by parts that
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 An amplifier has an exponential time-to-failure distribution
with a failure rate of 8% per 1000 hours. What is the reliability
of the amplifier at 5000hours? Find the mean time to failure.

Solution The constant failure rate A is obtained as
A = 0.08/1000 hours = 0.00008 /hour
The reliability at 5000 hours is
R(t) = e M = ¢ (000008)(5000) _ ,~04 _ ¢ 6703
The mean time to failure is

MTTF = 1/A = 1/0.00008 = 12, 500 hours
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» What 1s the highest failure rate for a product if it 1s to have a probability
of survival (1.e., successful operation) of 95% at 4000 hours? Assume
that the time to failure follows an exponential distribution.

Solution The reliability at 4000 hours is 0.95. if the constant failure rate is given by A, we

have
R(t)=e™  or 095= ¢ M00)

This yields
A = 0.0000128 /hour = 12.8/10° hours
Thus, the highest failure rate is 12.8/10° hours for a reliability of 0.95 at 4000 hours.

* The automatic focus unit of a television camera has 10 components i series.
Each component has an exponential time-to-failure distribution with a constant
fatlure rate of 0.05 per 4000 hours. What 1s the reliability of each component after
2000 hours of operation? Find the reliability of the automatic focus unit for 2000
hours of operation. What is its mean time-to-failure?

Solution 'The failure rate for each component is
A = 0.05/4000 hours = 12.5 x 10~%hour
The reliability of each component after 2000 hours of operation is
R = exp|-(12.5 x 107)2000] = 0.975
The reliability of the automatic focus unit after 2000 hours of operation is
Ry = exp[~(10 x 12.5 x 107)2000] = 0.779
The mean time to failure of the automatic focus unit is

MTTE = 1/(10 x 12.5 x 10™°) = 8000 hours
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Problem 1: The reliability of a cutting assembly is given by

R {{f—t/fuf 0<t<t

Determine (i) the failure rate

>t

(i) does failure rate increase or decrease with time

(iii) determine the MTTF

Solution:

From the relationship between f (t) and R (t), we have
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and the failure rate can be determined by

A (F)

CfH_ 2

0<it<t

R(t) ty(1-t/ty) ~  °

(if) The failure rate increases from 2/t att =0 towcat t =1,

(iif) Mean time to failure

MTTF

J:R{t)dt
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Problem 2: Pdf for a random variable T, the time in operating hours to failure of an
engine is given. What is the reliability for 100 hr operating life.

-

0.001
£) = <4(0.001f + 1)?
f® é ) otherwise
oo = 0.001
Solution: R(t) = f(t)ydt= >-dt
Ji Jt (0.001f+1)
B 1 [
~ (0.001'+1)|, 0.001f+1
1 0.001¢
and = 1-RB)=1- -
n f@) ® 0001f+1 0.001f+1
1
th R (100) = — 0.999.
e, 100) = 9141
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Problem 3: The probability density function is given by
{0.002 et 130

otherwise

ft) =

with ‘t" hours. Determine R (t) and MTTF and also find the median time to failure.

Solution: ea
R() = j 0.002 &2 g
t
— p0o02t
and MTTE = I g 00028 44
0
D.on2t =
- 1
N | - — 500 hrs.
—n.nnz\u 0.002

To find the median to failure

Put Rt_.) = e*™imed=0.5
In 0.5
Solving for b gty = = 346.6 hrs.
med T me —0.002
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Problem 4: A particular machine has a constant failure rate of 4. = 0.02 hrs.
(n) What is the probability that it will fail within first 10 hours.

(b) Suppose that the machine has operated successfully operated for 100 hrs, what is the
probability that it will fail during the next 10 hours of aperation.

Solution: (n) Probability of fatlure for first 10 hours is

10
Pit<10} = jﬂ f(t)dt = E(t)
= 1= -)18]

(b) The conditional probability

(t <100) N (t >100)
=P
P {t<110], t > 100} { P (t >100) }

_p (100 <t >100)
B P{t > 100}

110 f (1)dt
Y10 1— F (100)

P{+<100|, > 100} =

~110 0.02 ¢ 002 gt
Y100 1 - 1f exp (-0.02 x 100)

exp (~0.02 x 100) — exp (—0.02 x 100)
exp (~0.02 x 100)

= 1-exp (-0.02 x 100) = 0.181
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