Introduction to Reliability Engineering
Professor Neeraj Kumar Goyal
Subir Chowdhury School of Quality and Reliability
Indian Institute of Technology, Kharagpur
Lecture 11
Burn-In Screening for Weibull
Hello everyone. So, now, we are moving to lecture number 11 which is in continuation with our

previous lecture on Weibull distribution.
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In previous lecture we discussed about the basic equations used in Weibull distribution,
calculation of design life, variance, MTTF et cetera. Now, let us discuss that burn in. So, in
previous example, when we discussed that there was a decreasing failure rate. So, whenever we
have a decreasing failure rate, case of decreasing failure rate and in those cases, we use the burn

in so, that out of box failure or the immediate failures are not experienced by the customer.

So, customer is able to have a good and observe the useful life period he is not having the infant
mortality period. So, what we are doing here we are having a burn in period for that. So, how
much period will be good enough for us in which we will be able to ensure that customer is

getting good reliability.

So, because this is going to be costly for the company, a company has to keep a product for
certain period tO here within their premises under stress conditions. So, once they apply the

stresses and these many times there is a high temperature applied around 60 to 70 degrees celsius



as well as all electrical stresses are applied to the product. For non electrical product they will be
like for bikes et cetera they will run the bike for let us say 4 hours 5 hours or for a higher terrain,
the terrain will not be a smooth terrain, they will have a rough terrain and the which will produce
more load on the system.

So, if there is any weakness in the product or if there is any manufacturing defect or other kinds
of design defect, then what will happen, the product will fail faster. And so, the product which
are failing will be removed they will not be sent to the customer. So, customer will only be sent
those products which pass this this burn in screening. So, we call this screen because this is
screening there is this kind of screen from which the faulty products are dropped here and only

good products are passed.

So, screening strength, the strength of this screen that means how much is the capability of this
screen to stop bad product from reaching to the customer. That screening strength will depend on
the stresses which we are choosing for this screen as well as the time how long we are going to
keep the product for these stresses. So, generally if we assume here that general case that the

same stresses as the normal use conditions are applied here.
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If we do that, in that case we are seeing that we are keeping the product for time t equal to t0
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within the premises then we are sending the product to the customer for and we want to know the

reliability for time small time t which is the time observed by the customer. So, that means we



know from the condition reliability formula Rt given TO is the reliability at time t plus TO
divided by reliability at time TO. And we know the reliability formula that is e to the power
minus t upon theta raise to the power beta here t is t plus TO. So, this will become t plus TO
divided by theta raise to the power beta divided by e to the power minus TO upon theta raise to

the power beta.
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The same if we take a this will become this. We knew that for exponential distribution makes no
difference the burn in will have no difference. We can see it here, if beta is equal to 1 this will
become e to the power minus t plus TO divided by theta divided by e to the power minus TO
divided by theta.

If we take it up, this will become e to the power minus t plus TO divided by theta plus TO divided
by theta. This will be equal to e to the power minus TO TO will get cancelled minus t upon theta.
So burn-in has no impact on the exponential distribution or the constant failure, burn-in is only

effective for the decreasing hazard rate. For increasing hazard rate the reliability will decrease.

So, here the beta if we take the previous example, which we discussed in previous lecture, that
there is a Weibull failure distribution with parameter beta equal to 1 by 3, 1 by 3 means
decreasing failure rate less than 1 and scale parameter is 16,000. We want to determine the
reliability function and design life for 0.90 reliability. Given that we are doing the 10 hours burn-
in So, if we do 10 hours burn-in then reliability will become tR given TO that is our target value
0.9. And so, this will become reliability of t 0.9 that means 90 percent reliability is aim given 10

hours are already spent.

So, exponential minus of we use this formula t is equal to t 0.9 TO is 10 hours divided by 16,000
hours minus 10 divided by 16,000 hours whole raise to power 1 by 3, this our target value is 0.9.
So, if we reverse all this we take exponential here. So, this will become In, so, minus In of 0.90

will be equal to this value inside value t 0.9 plus 10 divided by 16,000 power 1 by 3 minus this.

Now here this value we can take right side. So, this will become minus In of 0.90 plus 10 divided
by 16,000 raise to the power 1 by 3 this will be equal to this. Now, if | want to take this then this
will become t 0.9 plus 10 divided by 16,000 whole raise to the power 1 by 3 will be equal to



minus In 0.9 plus 10 divided by 16,000 whole raise 16,000 raise to the power 1 by 3. Now, this 1

by 3 we can take it here this will become 3.

So, t 0.9 plus 10 divided by 16,000 will be equal to minus In 0.9 plus 10 divided by 16,000
whole raise to the power 1 by 3 and this whole raise to the power 3. So, t 0.9 will be equal to we
can take multiply here this 16,000, we can multiply here and this 10 we can take it here as a

subtraction.

So, this will be equal to minus same what you have written here that will be 16,000 into minus In
of 0.9 plus 10 divided by 16,000 raise to the power of 1 by 3 whole raise to the power 3 minus
10. This if we solve we get the 101.24 hours. So, if we as we saw earlier in previous example,
then we did not do the burn-in then for 0.9 reliability my system was having only 18.71 hours as

a life that means 10 percent failures for happening only in 18 hours or around 19 hours.
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But if we see that if we applied 10 hours burn in, then the customer will see a life of 101 hours. If
you see it is a significant increase in the life seen by the customer, because what is happening the
products which were failing fast in a shorter period, those products are not sent to the customer

those products are kept within the premises they are repaired and then sent to the customer.

So, the problem which customer was supposed to see has already been rectified by the
manufacturing unit and this results in a significant increase in the life of the product. So,
customer is for 100 hours almost for 100 hours in place of 18 hours they are getting the point
reliability. So, 10 percent failures are happening in 100 hours approximately. So, this becomes

quite useful here. And as we see that burn-in is used when there is a decrease in failure rate.
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Like we discussed earlier, multiple failure modes in case of exponential distribution, let us
discuss the same when we have the Weibull distribution. So, we know from earlier discussion
that system failure rate is summation of failure rate of the failure modes. So, lambda t is equal to
summation of lambda i t. So, if there are n failure modes it is i equal to 1 to n. Failure modes and
if components are in series both have the same effect. So, failure modes can be considered as the

series failures or series component.
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So, here what is lambda i t? Lambda i t is beta i upon theta i upon t upon theta i raise to power
beta i minus 1. Same formula we have kept it here. Now, this formula if we see we cannot
convert this formula into the standard beta upon theta and t and t upon theta raise to power beta

minus 1 or we can say at to the power b.

We are not able to convert this into this formula because this is the summation of this we cannot
like if you say beta 1 upon theta 1 to t upon theta 1 raise to the power let us say beta 1 minus 1
plus beta 2 upon theta 2 t upon theta 2 raise to the power beta 2 minus 1. Now, | cannot convert

this into the standard form.



So, that is why this failure rate when we sum this failure rate, it may not be following the
Weibull distribution. So, in case of when components are failing, Weibull distribution then we
cannot say even though they are in series, they may not the system may not follow the Weibull
distribution. But, in case of exponential distributions this first true if components or the multiple
failure modes are having the exponential distribution resultant distribution was also the
exponential distribution, but same is not true for the Weibull distribution, when components are
in series following Weibull distribution, it may not result in a Weibull distribution for the

system.

But there is a condition that when all come if we consider special case when all failure modes are
having same shape parameter that means, beta is same for all, all beta i is equal to beta. In that
case, if we see this lambda t lambda t is changed to a another that is beta upon theta i t upon theta
theta is different for different failure modes but beta is same so, this will become beta upon theta

i t upon theta i raise to the power beta minus 1.
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So, time dependent parameters are beta and t. So, | can take beta outside from the summation
sign. Similarly, t raise to the power beta minus 1 also | can take it outside and this will become 1
upon theta i raise to the power beta. Now, this if we see this becomes kind of similar approach as
we have taken earlier, that | can say it that this is beta summation of 1 upon theta i raise to the
power beta this will be beta minus 1 not sorry beta sorry this will be beta only beta into t to the

power beta minus 1 this | can say this is a t to the power b where a is this and t to the power b.

So, and we know that if | compare a t to the power b and if | compare an equivalent here that is
beta upon theta and t upon theta raise to the power beta minus 1 if | convert this here then this
will be equal to beta upon theta raise to the power beta into t raise to the power beta minus 1. So,
if we equivalent here then b is equal to beta minus 1 and a is equal to beta upon theta raise to the

point beta.

So, here I can get the so, if | equivalent here, so, beta minus 1. So, here we are able to have the
standard form which is standard form is similar to the Weibull distribution form. So, | can

convert this into the standard form and that is standard form if you look into here, then this is



having the same beta value, if | say b is equal to beta minus 1, so, in that case beta will be equal

to b plus 1.

So, | am getting here beta minus 1. So, here the shape parameter will be same as beta because t
to the power beta and beta is known to me, so, my | can get the theta here. So, theta will be equal
to if | take it here that will be equal to theta raise to the power beta | will take theta raise to the
power beta will be equal to beta upon a and this if I solve further than theta will be equal to beta

upon a raise to the power 1 upon beta.

So, same formula if | apply here then my a here is this and if | divide beta upon this will be 1
upon summation 1 upon theta i raise to power beta i equal to 1 to n this whole raise to the power
1 upon beta. Because beta and beta will get cancelled this beta and this beta will get cancelled
and this becomes summation i equal to 1 to n 1 upon theta i whole raise to power beta and this

whole raise to the power minus 1 upon beta.

So, we are able to get the same so, that means, we are able to convert when beta is same the
system is also following the Weibull distribution Weibull distribution which is having shape
parameter which is the same as the component shape parameter which is beta and characteristic
life is having this formula that is summation i equal to 1 to n summation of 1 upon theta i whole
raise to the power minus 1 upon beta. So, this becomes this gives that when components are in
series or when there are multiple failure modes, the result can also be Weibull distribution, if all
the components which are falling Weibull distribution has the same beta otherwise it will not be
Weibull distribution.
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There can be another special case that can be sorry another special case can be that we have all
components are identical, all components are identical means theta i is also equal to theta and
beta i is also equal to beta all are same for everyone. So, then what will happen this becomes
very simple that | have to simply sum it up n number of times, because this will become
summation of beta upon theta t upon theta raise to beta minus 1. So, this become n beta upon on
theta upon t upon theta raise to power beta minus 1. If we see here, this again has the same shape

parameter as beta.



If 1 compare with this like earlier formula, which we have got. So, in this case, if | put n so, this
is beta then we can say theta and if | make this n here in a manner that theta raise to the power n
raise to the power 1 upon beta, then t upon theta divided by n raise to the power 1 upon beta
minus 1 1 upon beta sorry and whole raise to the power beta minus 1.

In that case once we multiply these bottom terms what will happen, this | can write it as a n can
be taken up. So, this will become n raise to the power of 1 upon beta upon into beta divided by
theta into n raise to the power of 1 upon beta divided into t divided by theta raise to the power

beta minus 1.

So, here if 1 am taking multiplying this this will become n raise to the power 1 upon beta plus
beta minus 1 upon beta, if we sum it up, we get n n raise to the power beta 1 plus beta minus 1
that will be equal to n raise to the power beta upon beta that will be equal to n which is same this

one.

So, here we are able what we are able to do we are able to convert this where theta is changed
into theta divided by n raise to the power 1 upon beta and beta remains same. So, we are able to
transform and we are able to get the system failure rate or system will follow the Weibull
distribution which is having same shape parameters as beta and which is having characteristic
life which is equal to theta upon n raise to the power 1 upon beta n is the number of failure

modes or number of components here.
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A jet engine consists of five modules each of which
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A jet engine consists of five modules each of which
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A jet engine consists of five modules each of which
found to have a Weibull failure distribution with a sh;
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i 5850, 47,

fe) are (in operating cycles) 3600, 7200,
and 9300. Find the MTTF and median fime to failur
the engine. Find the MTTF and median time to fail
of the engine

The engine has a Weibull faiure distribution with =
The characteristic lfe is:
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lnea = (1812.7)(0.69315)/1% = 11332 cycles
The reliability function for the engine is given by
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Ajet engine consists of five modules each of which
found to have a Weibull faiure distrbution with a sh
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and 9300. Find the MTTF and median time to failur
the engine. Find the MTTF and median time to fai
of the engine

The engine has a Weibull failure distribution with =
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Lea = (1842.7)(0.69315)4/** = 14332 cycles
The reliability function for the engine is given by
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Ajet engine consists of five modules each of which
found to have a Weibul failure distribution with a shi
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MTTF = 181277 (14 2) = 16645 cycles
Lnea = (1842.7)(0.69315)/1% = 11332 cycles
The refiability function for the engine is given by
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Example

Ajet engine consists of five modules each of which
found to have a Weibul faiure distribution with a shi
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The engine has a Weibull failure distrbution with =
The characteristic life is:
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MTTF = 181277 (14 3) = 16645 cycles

Lea = (1812.7)(0.69315)415 = 14332 cycles
The reliability function for the engine is given by
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A jet engine consists of five modules each of which «
found to have a Weibul faiure distribution with a sh
parameer o 5. Ther scale paramelers (craracter
fe) are (in operating cyces) 3600, 7200, 5850, 47
and 9300. Find the MTTF and median fime to failur
the engine. Find the MTTF and median time to fai
of the engine

The engine has a Weibull failure distrbution with =
The characteristic ife is

G

A
4.62963€-06
163682E-06
2.23494E-06

4 | 4629€3E-06

5 4.62963E-06

e

s M

MTTF = 1812.77 (14 2) = 16645 cycles
Lnea = (1812.7)(0.69315)% = 1133.2 cycles
The reliability function for the engine is given by
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A jet engine consists of five modules each of which
found to have a Weibullfaiure distrbution with a sh
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The engine has a Weibull failure distrbution with =
The characterisic ife is
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MTTF = 181277 (14 3) = 16645 cycles
Lnea = (18127)(0.69315)1 = 1433.2 cycles
The reliability function for the engine is given by
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Let us see some example. Let us say jet. So, let us say if a engine is there, jet engine is there
which is having 5 modules, these 5 modules are having the Weibull distribution following
Weibull distribution and the shape parameter of all the Weibull distribution is 1.5. So, their scale
parameters are 3600, 72,000, 5850, 4780 and 9300.

We want to find out the MTTF and median time to failure. So, here if you want we can use this |
have just put it here Excel sheet here so, that we are able to see, now we know that how much is
the failure rate for each one or how much is this. So, that is equal to 1 divided by first is 3600
whole power 1.5 beta is 1.5. Similarly, we will calculate others like here if you look into and 1



divided by 7200, then this is 1 divided by 5850, this is 4780 and this is 9300. So, what we have

got here that is t upon theta sorry 1 upon theta raise to the power beta.

(se50)
+ _—
5850

1 157 1.5
(—) = 1842.7
9300
2
MTTF = 1842.7T (l + 5) = 1664.5 cycles

1
tmed = (1842.7)(0.69315)15 = 1433.2 cycles

R(t) = exp [_ (1842.7)1;‘]
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+  We know from eariier discussion that system failure rate is summation of failure rates for
its n different failure modes.

wo-ya0-3 8
=
+ The above failure rate will not follow Weibull distribution when different failure modes

have different shape parameter g;

+ Considering a special case when all failure modes have same shape parameter f# but
different characterist ffe 0,

i

nction for Weibull distribubion with shape parameter f@ and characleristx: fe

« Consider another special case that all components (falure modes) are identical, then

<o OO O
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which is Weibull istibusion with shape parameter  and characteristic ife ()
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+ Ajet engine consists of five modules each of which § 1 06!
found to have a Weibull failure distribution with a sh: gzt 06:
Favameler of 1.5. Their scale parameters (characteri 1.63682E-06
fe) are (in operating cycles) 3600, 7200, 5850, 47 |
and 9300. Find the MTTF and median fime to falurd > | 2-23494E-06]
the engine. Find the MTTF and median time to fail 3.02592E-06!

vl

of the engine:

+ The engine has a Weibull falure distrbution with =
The characteristic life is:

ATION COURSES
UITY ENGINEERING

E32 8

ge e
e =,
EE - M7TF = 181277 (14 ) = 16645 cycles

z2G 2

03 o Lyes = (1812.7)(0.69315)415 = 14332 cycles

Z9

E § + The refiability function for the engine is given by

% ]

“"

- R em

o MTTF = 181277 (1 + 2) = 16645 cycles

o Lnea = (18127)(0.69315)41% = 11332 cycles
+ The reliability function for the engine is given by

marse ‘i
+ Ajet engine consists of five modules each of which { { 7
found to have a Weibullfailure distribution with a shi _ $:629636:05 t
paramele of 15 Thei scale parameers chatacer] 2 1636826.06 |
fe) are (in operating cycles) 3600, 7200, 5850, 47 |
8¢ and 9300. Find the MTTF and median fime to faiurd > = 2-23494E-06 |
23 the engine. Find the MTTF and median time o fail 4 302502€-0g t
2% of the engine h
32 3 . |5 1115606
PRl - The engine has a Weibull failure distribution with =1 ~———————
gd The characteristic lfe is 6 | 126423605 |
3z i 7 i
£q =|556) &) ! 1
£ ‘ i 8 {
H - |
23
26
°32
o
EZ
£z

LG

- Rt exp

This if you look at it this is from our previous here here that when all are equal then what we
have to do sorry when all are not equal then this is what we have calculated summation of 1 upon

theta i raise to power beta. So, when we sum it up this is equal to sum of all these.

(Refer Slide Time: 21:05)
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We know from earhier discussion that system failure rate is summation of failure rates for
its n different failure modes.

w-Jao-3 00

The above failure rate will not follow Weibull distribution when different failure modes
have different shape parameter g;

Considering a special case when all failure modes have same shape parameter ) but
different characteristic ife 0,

pE lE:.l(_!L‘)’

- This is hazard ate function for Weibull distibuton with shape parameter f# and characlerisix: fe

Consider another special case that all components (failure modes) are identical. then

w LB GE

which is Weibul distribuson with shape parameter # and charactenstic lfe ("

Failure Modes

We know from earlier discussion that system failure rate is summation of failure rates for
its n different failure modes.

-‘,-”' Ry
o Z" ebe Z(rﬂ”g,'
=t
The above failure rate will not follow Weibull distribution when different failure modes

have different shape parameter g,

Considering a specal case when all failure modes have same shape parameter /! but
diferent characteristic ife 0,

1w @) e

- This is hazard rale funchion for Weibulldisiribuon with shape parameler £ and characlerishc ife

Consider another special case that all components (failure modes) are identical. then
b
( ()6

which is Weibull isibubon with shape paameter  and characterstc e (*)

o1
a0 LB




Example

o I A jet engine consists of five modules each of which Was 4 62063¢-06
found to have a Weibull failure distribution with a shape -
rarameler of 1.5, Their scale parameters (charactenstic  1.63682€-06
“ iife) are (in operating cycles) 3600, 7200, 5850, 4780, 2234946.06
wye and 9300. Find the MTTF and median time to failure of < 2
g H the engine. Find the MTTF and median time to failure  3,02592€-06
0¥ of the engine.
] 1.115€-06
23 + The engine has a Weibull failure distribution with B=1.5. =
o4 The characteristic life is 1.26423¢-05
EE .
E &)
bopd L3
o8
w5 (
II = N« MITF=184277(143) = 16645 cycles
20 >
R — Rl ¢ e = (18427)(069315)"7 = 14332 cyoes
E £ + The refiability function for the engine is given by
z
gz

0. (L |
- wo=ea ()]

Now, this sum which we have got here | want to know the so, we have got this portion now, we
have to multiply with beta into t raise to the power beta minus 1 then we will get the lambda,

what we want to calculate here is, what we want to calculate here is theta.

(Refer Slide Time: 22:31)

Failure Modes

+ We know from earlier discussion that system failure rate is summation of failure rates for
s n different failure modes.

—T— w=Yu0=) ()
« The above failure rate will not follow Weibull distribution when different failure modes
have different shape parameter g;
e + Considering a special case when all failure modes have same shape parameter ) but

different characteristic ife 0,

il pef 13 (Lf

“a-t\a)

ull dishibubon with shaps parameter f and characleristc ife

« Consider another special case that all components (falure modes) are identical, then
n(3)G)

which s Weibull istibusion with shape parameter  and characteristic fe ()

-
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A B C D i
Ajet engine consists of five modules each of which {1 y
found to have a Weibull failure distribution with a sh: A.629636.06
Favamelev of 1.5 Their scale parameters (characterif 2 1.63682E-06 |
fe) are (in operating cycles) 3600, 7200, 5850, 47
g and 9300 Find the MTTF and median time to failurd 3 2-23494E-06 |
23 the engine.Find the MTTF and median time to fal 4 3.02592€-0 |
3% of the engine ) Si5eon |
82 5 1156
g The engine has a Weibull faiure distribution with = !
Rl The charactersic e s 6 [ 126423605 |
g3 7 H
£1 ' {
E3 8 i
g g 2o i
EE - M7TF = 180277 (14 ) = 16645 cycles
26
032 o Lyea = (18127)(0.69315)4%5 = 1433.2 cycles
]
E ; The reliability function for the engine is given by
g2

otk

Example

A 8 C D

Ajet engine consists of five modules each of which i 1 g

found b5 have a Weibul fdure diskcbulion wih a sy 1|0 2200C 00

paramelr o 15 Thei scale paramelrs (faacer] 2 163682606

fe) are (in operating cycles) 3600, 7200, 5850, 47

and 9300. Find the MTTF and median fime to failud > 2-23494E-06
4

the engine. Find the MTTF and median time to fai 3.02592€-06
of the engine. ; L115E0
+ The engine has a Weibull failure distribution with f= A %)
The characteristic life is: 6 6423E-05

550

= 18427 e

MTTF = 181277 (14 3) = 16645 cycles

Lea = (1812.7)(0.69315)1% = 1433.2 cycles
The reliability function for the engine is given by
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+ Ajetengine consists of five modules each of which§ 1 z
found to have a Weibullfailure distribution with a sh4 A62563E09
Farameler of 1.5. Their scale parameters (chavacterf 2 163682E-06
fe) are (in operaing cycles) 3600, 7200, 5850, 4
and 8300, i the NTTE and median time t faiurd 3 | 2234%4E-06
the engine Find the MTTF and median time to fai 3.02592E-06

of the engine | “meene
+ The engine has a Weibull failure distribution with f={ ~ wdis
The characteristic lfe is: 6 1.26423E-05
7 18426753%
(7 |

e

+ MTTF = 181277 (14 ) = 16615 cycles

o e = (18127)(0.69315)/1% = 11332 cycles
+ The reliability function for the engine is given by

()]
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So, theta is summation we have calculated and now this raise to the power minus 1 upon beta.
So, this is equal to summation whole to the power minus 1 divided by beta, beta is 1.5. So, my

theta or my characteristic life comes out to be 1842.67.

(Refer Slide Time: 23:05)
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o MTTF = 181277 (1 4+ 2) = 16645 cycles

o L = (18127)(0.69315)1% = 14332 cycles
+ The refiability function for the engine is given by

A [} C D ;
+ Ajet engine consists of five modules each of which § 1 ?

found to have a Weibull failure distribution with a sh; A6D63 00 |

Farameler of 1.5 Their scale parameters (characterif 2 1.63682E-06 {
; fe) are (in operating cycles) 3600, 7200, 5850, 47
2g and 9300. Find the MTTF and median fime fo faiurg > 2-23494E-06 MTTF |
23 the engine. Find the MTTF and median time to faili 4 ‘ 3.02592€-06/=A "GAMMA(IH/BT)‘ z
3% of the engine. = 115508 ; Y
B . The engine has a Weibull falure distribution with f=f ~ - }
o4 The characteristic lfe is: 6 1.26423E-05 | |
3z ( 7 1842675358 15| 5 |
g A ) oL
E3 o 8 |
%] s |
ge e
23
o2
EZ
g2

- R em

()
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= + Ajet engine consists of five modules each of which ¥ 1 ?
found to have @ Weibulfaure distrbufion witha shy |~ +02203E-06
paramelr o 15 Thi sl paramelrs (raracer] 2 163682606
; fe) are (in operafing cycles) 3600, 7200, 5850, 47
i—_ ) and 9300. Find the MTTF and median time to failurd > 2-23494E-06 MTTF

3
§ the engine. Find the MTTF and median time to fail 4  302592€-06 1663.47
] of the engine B 1115606
Bl - The engine has a Weibull failure distribution with f={ >~~~
i The characteristc ife is 6 126423605
3 7 1842675358 15
2 ___ @ ] )

e

+ MTTF = 181277 (1 4 ;) = 16645 cycles

o e = (18127)(0.69315)/1% = 11332 cycles
+ The reliability function for the engine is given by

0 b
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My beta is same as 1.5. Now, | want to do the MTTF. How do | calculate MTTF? For MTTF
calculation that is equal to theta. | have got theta. This is my theta, multiply by gamma function
of this is new version. So | am here | am directly having the gamma function gamma of 1 plus 1
divided by beta. What is my beta? This 1.5 is my beta. Once | do this, I will get the MTTF. So
MTTF is approximately 1663.47.
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b Example

A B C D
+ Ajet engine consists of five modules each of which 1 .

found to have a Weibull failure distribution with a sh: A62363606

Favameler of 1.5. Their scale parameters (characteri{ 2 1.63682E-06

fe) are (in operating cycles) 3600, 7200, 5850, 47

and 9300. Find the MTTF and median time to faiurg > 223434E-06 MTTF

4 302592E-06 166347

5 1.115€-06 10.5
6

The engine has a Weibull failure distribution with =

The characteristic life is:

the engine Find the MTTF and megian ime to i
o he engine

| 12602305 |
15

1842.675358

e i e |
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A B C D
+ Ajet engine consists of five modules each of which § ¢ &

loimd ;:Jhave a Weibull failure distribution with a sh A629636.06

Favamelec of 1.5 Their scale parameters (characterif 2 1.63682E-06

fe) are (in operating cycles) 3600, 7200, 5850, 47

and 9300 Find the MTTF and median time to faiurd 3 2:23494E-06 MTTE

4 302592E-06 1663.47

S 1.115E-06 10.5
6
7

The engine has a Weibull failure distrbution with =

The characteristic life is:

the engine. Find the MTTF and median time to fi
| 1.264236-05[=17°((In(0.5) #(1/87)

ofthe engine
1842675358 _

MTTF = 181277 (1 +

16645 cycles

[ea = (1812.7)(0.69315)*/** = 14332 cycles
The reliability function for the engine is given by

()]
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2 FO
{¥ } Example {%)
23 -
A B C D
+ Ajetengine consists of five modules each of which § 1 X
found to have a Weibull failure distribution with a sh: 852563606
parameler of 1.5 Their scale parameters (characteril 2 163682E-06
fe) are (in operating cycles) 3600, 7200, 5850, 47
8y and 9300. Find the MTTF and median fime fo faiurq > 2-23494E-06 MTTF
23 the engine. Find the MTTF and median time to fal} 4  3025926-06 1663.47
G of e enghe S 1115606105
Pl - The engine has a Weibull failure distribution with =1 ~ SN,
Q. The characteristic life is: 6 12642305 144322
B Bt
Sz 7 | 1842.675358| 15
2 e a| it
¥ oL |G
e =
EER - 7TF = 180277 (14 ) = 16645 cycles
20 =
R - (. = (18127)(0.69315)44F = 14332 cycles
5 g + The reliability function for the engine is given by
§2

0 b2

Similarly, I can get the MTTF, what is my MTTF? MTTF is equal to theta. This is my theta sorry
MTTF we have already calculated t median. So t median if you want to calculate t median is
equal to or we can say t 0.5. So for t 0.5. We are able to know that is theta into In of minus In of
0 this is equal to theta my theta is this one multiply by minus log of log of 0.5 whole raise to the

power 1 divided by beta beta is this 1.5. And we get 1443 cycles.

And reliability function if we see that is exponential minus this is t upon theta raise to the power
beta. If t is 1 then we will get that value. So, we have used Excel for calculation because it is

faster and we can do by calculator also.

(Refer Slide Time: 25:35)
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* An electrical system has fo| ] fo;:!:::a
series connectors each havir ;- b

a Weibull failure law with § = ¢ Ceet(1s0/21
and 8 = 2000 hr. Find tf
reliability of the system of fof /
connectors for 150 hours. | e -

o
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« R(150) = exp[—4(%) ] =
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* An electrical system has fo

series connectors each havir
4| 056368|

a Weibull failure law with § =
and 6 = 2000 hr. Find tf

reliability of the system of fo

connectors for 150 hours.

« R(150) = eXpl_4(ﬂ)3/4}

0.5637

2000

> »

0.75 Beta
2000 Theta
4n {

Let us take another example that a electrical system has 4 series connector each having Weibull
failure rate beta is equal to 3.4 3 by 4. So, this is equal to 3 by 4, this is my beta. Now, theta is

given as 2000. Now, | want to know that if I am having 4 connectors, so, n is 4, what will be my

reliability?

As we know reliability is nothing but e to the power minus t upon theta raise to the power beta
for 1. So, once we multiply for 4 this will become multiplication by 4. So, that is equal to
exponential minus 4 into t, t is 150 hours 150 divided by theta raise to the power beta so that

comes out to be 0.5637. So, we are able to as we see here we are able to calculate our reliability.

(Refer Slide Time: 27:28)
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* An electrical system has foi '

series connectors each havir
a Weibull failure law with g =
and 6 = 2000 hr. Find tH

reliability of the system of fo
connectors for 150 hours.

® —-w o W

0.75 Beta
2000 Theta
4n
0.563682
; |Theta

5 3/4
* R(150) = exp [—4(210000) ] -
0.5637
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=3

— 0.5637

* An electrical system has fof ! 20758t
. L 12 2000 Theta
—— Pl series connectors each havin ; 4,
B g g F . : —; 4 0563682
i 3 a Weibull failure law with § = | Favmmun
o Sl and 6 = 2000 hr. Find ts
A EEl  reliability of the system of fo :
H Ell  connectors for 150 hours. loen) &
£3
T 3E 150 \3/4
= 032 = —4|— =
i, 1l - R(150) exp[ 4o ]

Example
= RO, .
* An electrical system has fo ﬂ;:za
4 series connectors each havir ; A
g a Weibull failure law with § = | %Ma
SE— Rl and 6 = 2000 hr. Find th ¢ -
I EEll  reliability of the system of fo -
Eo connectors for 150 hours. ] @
= i 150 \3/4
i == §§ * R150) =exp l_4 (2000) ] =
| [ 05637

If we want to calculate let us failure rate here or the characteristic life here then we knew that
characteristic life here or that beta will remain same because they are all same theta will be equal
to theta divided by n to the power 1 upon beta. So, this will be equal to theta or multiply by n
raise to the power minus 1 divided by beta. So, this becomes our new theta 314.98 for the

system.
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* An electrical system has fof ! 2%
2 2000 Theta

series connectors each havir ; i
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: a Weibull failure law with p = * 05962
5 314.9803 Theta
——— and 6 = 2000 hr. Find th 6 zewC(1s0/as)1)
o I =

reliability of the system of fof .
connectors for 150 hours. -y

INTRODUCTION TO REUABILITY ENGINEERING

501\ 3/4
* R(150) = exp [—4 (210000) ] =
0.5637
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* An electrical system has foy |~ 078
2 2000 Theta

series connectors each havir ; A

a Weibull failure law with g = %%
3 5 €

and 6 = 2000 hr. Find tt“s 056327
reliability of the system of fo
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connectors for 150 hours. -y
501\3/4
* R(150) = exp [—4 (ﬁ) ] =
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0.5637
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e (B, Example iﬁj}
: * An electrical system has four 07 ¥t
2000 Theta

series connectors each having il

. . . 3
a Weibull failure law with p == 05636
4 314.9803 Theta

and 8 = 2000 hr. Find the ossssa
reliability of the system of four
connectors for 150 hours.

A |-

¢ R(150) = exp
0.5637
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So, if we want we could have directly calculated here that is equal to reliability is exponential
minus of 150 divided by theta. Now theta for system is this whole beta if you see we get the
same reliability either we use this or we use this both will give you the same result. So,

effectively we are able to calculate new theta and beta for the system.

(Refer Slide Time: 28:48)

5, Three Parameter Weibull )
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« If a failure will never happen in time@, then it
becomes additional parameter to Weibull distribution.
It shifts the distribution to right side by same amount
and it is called as location parameter.

_— [
o=, o _LZJ/\

==

(o1 2 2)
MTTF =t r(1+f
> 7

tmeg toH+ 0 X (0@315)‘//?_ 2
tRzQ 8(-InR)VE @j

NPTEL ONLINE CERTIFICATION COURSES
.

INTRODUCTION TO RELIABILITY ENGINEERING

There is same what we have discussed can also be extended for the 3 parameter Weibull. As we
discussed for the 2 parameter exponential distribution, one additional parameter t0 is added here,

what is t0? tO is the time for which we expect no failure here. So, in this case, if we replace t with



t minus t0, the same thing happened whatever happened with the 2 parameters just we replace t

with t minus t0 and this becomes the 3 parameter Weibull distribution.

The, here the third parameter is called location parameter because what will happen if we change
the t0 value here there will be no change in the shape or there will no change in the scale the only
change will be the distribution will be shifted. If | increase the value of t0 it will be shifting right
if | decrease the value of tO it will shift the towards left.

So, this is a location parameter because it is changing the PDF location only it is not changing
the making any other changes PDF. But this is also the guaranteed life or we can say this is the
life within which this failure will not happen. This should be tO these values are defined for t
greater than t0.

Now MTTF as we have calculated earlier that for exponential also what happened, whatever my
reliability was here, this is 1 here. So, area under the curve t0 is added. This is 1 and this is t0 so
1 into t0 t0. So, whatever MTTF you got with the 2 parameter is this, if we simply sum up t0
with this we get the MTTF for the 3 parameter distribution.

Similarly, for t median also we have to add only t0 because distribution is simply sifted by the t0
towards the right and similarly for tR also we need to only add tO with whatever formula we had
earlier for the design life. The variance does not change variance remains same, because

variability is not changing by the location.
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+ The three parameter Weibull has 8 = 4, t
100, and 6 = 780. Compute its MT'IQF
median, standard deviation, and rehablllty
fora 500 hr mission

« MTTF = 100 + 7807 (1 +1) = 806.99 hr
~ ¢ 4 o

Z

tmea = 100+ 78000693150 = 8117 hr
B R =
. 2 2

a2 = (780) [r(1+3)—[r(1+

3)]2}39,340.6

¢ 0= 1983h7

oo 2]

For an example, if we have the beta equal to 4 t0 is 100 and theta is 780. What is MTTF? MTTF
is 100 plus that is 780 gamma of 1 plus 1 upon beta we can get a0 is 6.99 hour, t median is tO
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plus theta into minus In of 0.5 which is 0.6931 whole raise to the power beta. So, we get 100 into

780 into this to the power beta and this gives me sorry this to the power 1 upon beta.

So, this 811.7 and sigma square is theta square gamma of 1 plus 2 upon beta minus square of
gamma of 1 plus 1 upon beta multiply with sorry this actually is equal to equal sign is missing.
So, once we calculate this, we will get this and square root of this will produce 198. If | want to
calculate reliability for 500 hours, where reliability is e to the power minus t minus t0 is 100

divided by 780 whole raise to the power 4. It comes out to be 0.933.

1
MTTF = 100 + 780T (1 + 1) — 806.99hr
freq = 100 +780(0.69315)/* = 811.7hr

2 = (780)2 {1” (1 + %) —[r(1 +%)]2]39,340.6

g = 198.3hr

500 — 100\*
R(500) = exp [— (T) = 0.933
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Redundancy with Weibull Failures

+  If two identical and independent components form a redundant (both component should
fail for system to fail) system, then system reliability is:

- RO =Ri(t) +R() - Ry (D R:(1)
= R0 =2R(t)-R*()

- Since. Ry(1) = Ry(1) =

o MrrE=28r(145) -0 (145)

« MrTF=or(1 +ﬁ)[z_z—w]

o=t - () e

C o=y

2-e0
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+  Two Weibull component in parallel doesn't result in Weibull Distribution.

NPTEL ONLINE CERTIFICATION COURSES

+ For large values of t, system failure rate ,(t) approaches failure rate of single
component. '

So, we will stop our discussion here and we will continue a little more discussion left for the
Weibull distribution and then we will start discussing other distributions like normal and log
normal distribution. Thank you.



