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Lecture 27
Failure Data Analysis: Non- Parametric Approach (Contd.)
Hello, everyone, welcome back to our discussion on failure data analysis. So, we have been
discussing that if we have the failure data, how can we analyze the data without using any model
and we are able to evaluate the reliability and other parameters. So, regarding that last time we
discussed that there can be three approaches using which when we when we sort the data into the
order and we find out the data order and then we try to find out the unreliability and then let us

go forward and let us see that how this how this works.

(Refer Slide Time: 01:02)

o T ©

* Proof-tests of 14 turbo engines provide
the time-to-failure data (in hours):

-103; 1137; 125207 82797; 126; 117; 139;
127; 154; 127; 199; 159. -
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INTRODUCTION TO RELIABILITY ENGINEERING

So, let us take an example that a proof of test of 14 turbo engines provide time to failure data. So,
that means, in hours so, we have tested 14 turbo engines and we are able to find this time to
failure data. Now, this data as we see this is the turbo engine wise, turbo engine 1 failed at 103; 2
failed 113, but this is not ordered.
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So, first what we need to do, we need to order the data this 14 failure data which we have there, |
have already put it in Excel and in the Excel we have done the order in the increasing order. So,
first failure occurred at 72, second occurred 82. Like that, we have the total 14 failures. Now, as
we discussed, we discuss the three approaches equal rank method, whenever we are using equal
rank method, then failure probability or unreliability is given us i divided by n, how much is i

here, i is 1.

So 1is here, i is 2 here, i is 3 here, so we have the i values here, and how much is n? n here is 14,
14 devices were put on test. So when i put it divided by n, that means, 1 divided by 14 which
gives me 0.07, 2 divided by 14 is 0.14, 3 divided by 14 0.21. So, this is how | am able to get the
whole data. And this gives me the unreliability when I am using the equal rank method, if I am
using the mean rank method, in mean rank method, as we discussed, this is i divided by n plus 1.
So, that means, whatever is the value of i here, 1 that | will divide by the 15 here rather than 14, |
will divide by 15.

So, when | divide by 15, I get these values, all the values | have got like this, | have done Excel
sheet also, | will show you mayhbe, little later how to do this in Excel sheet. Then we can also get
using the median rank, median rank whenever | am using the same thing I can get it like 0.0486,
that is i minus 0.3 divided by 0.4. So, i minus 0.3 means 1 minus 0.3 is 0.7 and n plus 0.4 means
14.4, that will give me this value.



Similarly, when | am using other that is 1.7 divided by 14.4, 2.7 divided by 14.4 like that, we
will whenever we use we will be getting this Fi values. So, as we discussed generally the most
popular formula is this and also many times this is also used, but I would prefer that if you can
use this medium ranking formula for the purpose.
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Now, once you get the f t value, that is failure probability, how can we get the PDF value? So
PDF value as we know PDF value is the differentiation of f t value. That means if | take Fti plus
1, and if I take Fti. And if | take the difference of the 2 that will give me the difference in ft dFt.



And divided by the difference in time, difference in time is ti plus 1 minus ti. So this gives me

the difference in failure probability per unit time.
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Now, as we know that if we use the i upon n plus 1 formula, if I use this formula, then what will
happen Fti plus 1 is i plus 1 divided by n plus 1 and Fti minus 1 is i divided by n plus 1, and
whole divided by ti plus 1 minus ti. Now, if you see here this portion if you solve then this will
become i plus 1 minus i divided by n plus 1 and this will become 1 divided by n plus 1. So,
effectively what | get 1 divided by n plus 1 divided by ti plus 1 minus ti that is 1 divided by ti

plus 1 minus ti divided by n plus 1. So, this becomes my PDF value.

So, PDF value is nothing but 1 divided by the difference in time divided by the n plus 1, same
thing if you are using any other formula, let us if you use median ranking, for median ranking,
you would be using i minus 0.3 divided by n plus 0.4 minus. So, this will be i plus 1 minus 0.3
divided by n plus 0.4 and other is i minus 0.3 divided by n plus 0.4 that is the, and this if you
solve the only change would become n divided by ti plus 1 minus ti.

So, if you solve this then what will happen this will become ti plus 1 minus ti will remain same
and here if you take n plus 0.4 as common this will become n plus 0.4 and this subtraction would
be same. So, i plus 1 minus i minus 0.3 will get canceled by minus 0.3 and only 1 will be
remaining. So, if you use median ranking rather than n plus 1 this will become n plus 0.4, the rest
of the things could remain same. If you use equal ranking then this will be only n this will not be
n plus 1 or neither n plus 0.4 but, so, depending on the method you are using you can use this

formula.

Next is lambda t. So, lambda t we know is ft upon Rt, ft upon Rt. So, ft is here already and how

much is Rt? What is Rt here? Rt is 1 minus ft and for n plus 1 formula 1 minus i divided by n



plus 1 so, this will become n plus 1 minus i divided by n plus 1. So, this value I am removing
certain erasing this so, that you can follow it up. So, our Rt value is 1 minus ft that is n plus 1

minus i divided by n plus 1 and ft is this. So, this divided by n plus 1 minus i divided by n plus 1.

If 1 do this what will happen n plus 1 and n plus 1 will get canceled because this will become n
plus 1 upon n plus 1 n plus 1 minus i. So, this n plus 1 will get replaced by n plus 1 minus i. So,
what | will have is this is 1 upon ti plus 1 minus ti divided by n plus 1 minus i, n plus 1 get

canceled by n plus 1 and n plus 1, 1 minus i will replace this n plus 1.

So, here what is happened in lambda t the change happened is here if we let us say if we use
another formula that is if we use the median ranking formula then that can also be used the fact
this we are discussing with reference to the mean ranking, but same thing is applicable to any

formula which you use.

So, lambda t if we look at it, what does it mean that here in ft when we were considering it was
the one of number of failures out of number of units which were there at the start that is n, but
here it is number of failures that is 1 out of a number of units which is working at the start of the
interval that means, the failure units are not counted. So, i units which are failed at the start of

this interval have been removed.

So, failure rate and the difference in failure rate and ft as we discussed in define earlier in our
lectures, that ft gives you the number of failures, number of probability of failure per unit time
this is the time and this is the probability of failure out of all population, but lambda t gives me
that failure probability out of only the surviving population that means not from n plus 1, but
from surviving population that is n plus 1 minus i, the failure unit have been removed out of that
what is the per unit time failure probability that is given by the lambda t, Rti, is as we have

already seen that is n plus 1 minus i upon n plus 1.

For complete data we are able to calculate MTTF also which is nothing but the average value
time to failure. So, if you sum up all the time and divide by n that will give the MTTF. And if we
want to calculate the this sample variance we can calculate the sample variance as Ti minus
MTTF 4 squared divided by n minus 1 and this can also be calculated ti square minus n into f
MTTF squared divided by n minus 1.



So, this gives us the formulas which are required to calculate the important quantities of our
interests. We want to know failures per unit time that is ft, we want to know failures out of
surviving population per unit time that is our lambda t. We want to know reliability, we want to
know unreliability, we want to know MTTF we want to know the standard deviation everything

we are able to calculate using these formulas.
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Now, if we look at the another example. So, same example which we have taken earlier, we took
a 0, here we have added 1 more row here for 0, because at 0 all the system is starting to work and
if you see here, then here we have done the correction little bit correction here that at 127 we had
2 failures, since we had 2 failures, so that difference of time will become 0. So, we tried because
this is continuous variable. So that there may be a little variation in that, so here the 127 failure,

which we had here is actually given at more correct value that is 127.3 and 127.8.

So, we may approximately give like a near about value like 127.25 and 127.75 here or 126.75
and 127.25 here, so that will be on average giving you the same value. So, accordingly we can
choose and we can put it up. So ti value we keep it here and Fti as we discussed i upon n, soiis0
here. So, this will these values we have already calculated this also we have already calculated.

Now let us see what will be the reliability value, reliability is 1 minus unreliability.



So, 1 minus of this value will give you the unreliability, this reliability and unreliability values
which are calculated is generally given at the start of the interval. So, this unreliability values
which are getting we are getting here and this then 0.951. So, | think that is using this ft value.
So, this median ranking if you are using them from based on the median ranking Rt values will
be these and how much will be the ft values small ft means, change in capital FT divided by

time.

So, either what | can do | can take the difference here. So, that is 0.049 divided by time, time is
72. So, 0.049 divided by 72 will give me this value. So, here as you see, this is the difference till
next interval, so, this will be 1 less value, because last interval will not be counted this is for the
applicable for the interval that means from 0 to 1 failure, or 1 to 2 failure, second, third second to
third failure.

These values are calculated and what is the HT or lambda t or hazard rate, that is nothing but
whatever ft value we have calculated, if we divide this by reliability we will get this and how
much is MTTF here, MTTF is nothing but the average time to ti value here and standard
deviation can also be directly calculated using the formula or we have the formula already given
in the Excel sheet. So, let me show you how can we do this in the Excel sheet.
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So that will be kind of repetition also and that will also give you an idea that how we are doing
the analysis in the so we will take only the data basic data. Let us say if we have the data. | am
opening a Excel sheet here and making it little zoom, so that we can follow it up. I will use this
only as the data point, | will not use any formatting here. So this is my i, i is the failure number.

And this is my ti, ti is the time to failure which | have observed if | want, like, because it is 127.

One case was this, better, I will take a 126.75 and 127.25 that way | will have the balance
average will be 127 for both. So here, we have this data. Now, we can use the different ranking
methods here. So if I let us say, equal rank, if I use equal rank method, then we know ft is equal

to i divided by n, n here is 14 here, so if | want, | can write somewhere here n is 14. Or |



generally prefer to use a method, which is format as table, so | will use this here, now, ft, equal

rank method that is equal to i divided by n, n is 14.

So | am putting that directly. If you see, | have got this ft value, | generally prefer to have all
these values to have the same number of decimal points, I will use this function. 3 decimal points
are enough for us to visualize this. Now, if | follow the mean rank method, for mean rank

method, we know ft, fti is equal to i divided by n plus 1.

So what | will do that is equal to, what is my i, i is here divided by n plus 1 is 15. So, | will
divide by 15. And again, | will do the format, same format I will use here. Then I will go with
median ranking, for median ranking, ft is, is equal to, as we already know the formula, but I am
still writing again, i minus 0.3 divided by n plus 0.4. Now this value, that means this is equal to i
minus 0.3 divided by 14.4, because n is 14, so 14 plus 0.4 will be 14.4, the first value is always

0, it cannot never be less than 0. So we will put 0 here, rest of the values will remain same.

I will use again the formula format painter here. So now as we discussed, | want to use these
values for reliability calculation. Now Rt will be nothing but 1 minus ft. So ft values already
given me here, so | will use the same, | have got Rt here. Rt value, as per the median ranking. If |

want to know Rt value as per the let us say, mean ranking, then I will use this formula.

And there will be little change here. If I want to know, use the equal ranking, | will use this as
this is equal to 1 minus equal ranking unreliability value that is this. But as | discussed, we
generally prefer to use the median ranking formula that is considered to be statistically more
accurate. So we will use the median ranking formula. So this gives us the reliability value, we

have got the reliability.

Now we want to calculate the failure density. So density function if you want to calculate ft, ft is
minus DRT over dt or DFT over dt. So we know that this is equal to our DFT so that is next ft |
am taking here minus previous ft, is this value and this divided by time difference, time
differences this time minus previous time. So this is what | am able to get generally this will not
have the last value, because that will be by default it is 0. So, it is counting the same value then

we can get zt here zt as we discuss is ft upon Rt.



So, this is equal to ft divided by Rt this gives me this all the values. Now, let us see if | want to
know how this reliability is changing or this ft is changing or zt is changing | can do the plotting
here. So, let me show you if | plot the time versus let us say first | plot the ft value, reliability
value | can go and do this plotting by going to the insert and choosing the XY scatterplot when |
choose XY scatterplot | can choose the scatter or | can choose the scatter with line connections.
So, | can choose this if you see this becomes my Rt, this has further functions, | can add more
functions here, | can go to that say this is equal to ft, generally, | will not use here, ft here, | will
use go with 1 here.

Let us say this becomes my Rt, so as you can see, | am able to see that how reliability is
changing. So initially reliability decrement is not so fast but if you see after around 100 around
us 70 hours or so, then reliability keeps on increasing and it is fastly decreasing then slowly little
bit here. So, | am able to know | want to know the reliability at 100 hours | can calculate that this

is almost here that is around 0.8. So 100 hours is somewhere here.

So that is somewhere between 0.81 to 0.74. So that comes out to be somewhere around 0.8
maybe. So looking at more closer data we will be able to get. Same way if | want | can plot ti
versus let us say | plot the Ft, I will remove this data point, | will do it again. Because one data
point is less. So here, generally, when | am plotting ft I would prefer to plot it as a step function
where this value is given for the whole interval here. So, again | am just plotting for the showing
here again, if you see my ft value looks like this, how so it shows that around somewhere here
my number of failures are quite high and accept that number of failures are comparatively low.

So | have more failures concentrated in this region, similarly if 1 want | can plot the lambda t.
But as | discussed, | would have preferably considered that my ti is plotted with fti as this
constant value as a step functions. But step function plotting is not easy in Excel, | have to do
certain modifications there, prepare format then only it will be done. So I will better show it as a
then 1 will go to the chart type. And | will show this as the data rather than showing this change

chart type I will go I will select this data type.

So you can see the data point of view, rather than lines, so here similarly I can plot the ti versus
zt also. Same way | will go and this becomes my zt function. So as you see | am able to plot and



zt if you see, | will go with the data type | will change chart type. Let us see how does it looks in

line, line plot.

Again, line plot if you see it is kind of similar here. So we are able to now with the
nonparametric data analysis if we have the complete data how to calculate the various
probabilities reliability unreliability, unreliability also I can plot unreliability is given here, so |
can just plot it. So, ft versus time versus ft, | will go with insert and I will again go with XY
scatter, | will go with this remove this ti versus fti, okay some problem happened, so | will do

this again.

| think some problem happened this is ti and this is ft. So, you see that this is my ft plot. So, here
| can see various ways, so, if you see that ft is rising here then finally all failed, similarly, this I
am saving and this sheet we will share with you maybe you know, whenever we get the chance,

so fine. So, this is our complete data and that is the ungrouped.

(Refer Slide Time: 27:09)
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Now, let us go back to our presentation and see that what is next there, whatever we have done
here same thing we can show it, see there. Now, there another type of data can be the complete
grouped data. Grouped data means, you have intervals and like you have k number of intervals
here and for each interval, you know the number of failures and so, n1 n2 nk means the number

of units which have survived that means, at the start of zero interval how many units were there



at the end of first interval, how much you data survive that means, n1 minus n2 will give you

number of failures which have happened in second interval like that and t1 to tk is the time.
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where, t = 5

So, if 1 want to know how much is the reliability for ti, so, that means, at ti ni numbers are
surviving out of total number of units which have been put on the test. So, ni upon n gives you
the Rt. So, ft will be 1 minus of this and small ft we will be change in Rt divided by Ti minus 1
so, that Ti is ni upon n this will be ni plus 1 minus ni divided by n. So, this will become same
formula as we derived earlier divided by ti plus 1 minus ti divided by, earlier the number of

failures was 1, because we were counting 111.

So, the change only here is that rather than one this has become the number of failures in the
interval. At each time we are saying the how many failures are having happened, rest of the
things are same, rather than 1 it has become ni upon minus ni minus 1 ni plus 1 and ni is the
number of survival unit at time ti. So, number of failures would be difference in that and
similarly zt lambda t, we are able to get and zt as we see whenever we are calculating ft out of

total number of units on the put on the test.



And whenever | am calculate zt, the formula is same as ft, the change is that n is replaced with
the ni because out of surviving unit how many units are failing in the interval that is only
considered for zt, at the start of the interval. MTTF can be calculated in similar way for MTTF
calculation we are taking the number of failures in the interval and the average time that means ti
plus ti plus 1 divided by 2. So that is the middle point of the time. So that is Ti bar and then we

have the M that is gives the MTTF. Same formula in a similar way.

So ti into number of failures will actually give you the total time for which the failure happened.
So, cumulative time due to the failure. So, this is time total time in failure divided by n.
Similarly, s square is also similar formula that ti square into ni minus ni plus 1 divided by n
minus MTTF square and ti bar is how much that is ti plus 1 plus ti divided by 2 and we can also
get the confidence interval MTTF this we can get from previous one also that is t alpha by 2 n
minus 1 as by root n. So, that will be plus minus when we take this is the two sided confidence

interval.

So, we have alpha by 2 this side and alpha by 2 probabilities lapped on this side and this is 1
minus alpha. And when we take one sided generally we are interested in lower bound. So, how
much minimum reliability we are going to have or whatever is the minimum time to failure we
will have so that MTTF.

So, this is the minimum that means this is 1 minus alpha. So, here alpha is left and this is nothing
but the if this is our MTTF estimated value, this will be MTTF minus t alpha n minus 1 into s by
root n. So, this is now if | take a 95 percent confidence level, in that case, this is will be 5 percent
loss 5 percent will be left out. So this is the fifth percentile point for this data, you can use this.

So, we will see that how we can use this data.
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¢ The preliminary information on the underlying
failure model can be obtained if we plot the failure
density, hazard rate and reliability functions against
time. We can define piecewise continuous functions
for these three characteristics by selecting some
time intervals At.

+ This discretization eventually in the limiting
conditions, i.e., At-0 or when data is large would
approach the continuous function analysis.

+ Let us consider that the failure times of a population
of 30 electrical bulbs in an underground subway are
given in the table that follows.
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And how do we do the analysis for population. So, we will do the same as one more example in

next discussion. Thank you.



