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Hello and welcome to session 30 of course on Quality Control and Improvement with
MINITAB. I am Professor Indrajit Mukherjee from Shailesh J. Mehta School of
Management, IIT Bombay. So, earlier in the last session what we have seen is that we
have taken two categorical factors and we have seen the influence on the CTQs like
adhesive strength and we have taken and we have seen that the interaction is not so

significant.

So, we have experimented and we have analysed the data like this. So, and the same
thing we will do for another experimentation to see that when there is a continuous

variable what else we can do.
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Two-Factor Symmetric Design: BATTERY LIFE DESIGN EXPERIMENT

An engineer is designing a battery for use in a device that will be subjected to some
extreme variations in temperature. The only design parameter that he has selected at this
point is material type for the battery, and has three choice. When the device is shipped
to field, he has no control on temperature extremes that the device will encounter.

Engineer is interested in

Cok o Com
What effect material & tempc%ltm‘e has on battery life? Which material will be
robust to temperature changes? e

Design and Analysis of Experiments, D.C. Montgomery, John Wiley & Sons: g

Prof. Indrajit Mukherjee, SIMSOM, IIT Bombay i" &

So, this case, battery life experimentation, is taken from Douglas Montgomery’s books
on Design and Analysis of Experiments and in this case engineer is interested to
maximise the battery life and two factors are considered over here. One is the material
type and another is temperature. Temperature is a continuous variable, but material type

is a categorical variable. Battery life is also a continuous variable.
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BATTERY LIFE
Factors Temperature (°F) (B) 7
Material o P 2 (3 ):Jff X y
Type (A) 15 70 125

J 130 15 34| 40 20 | 70 -

1 74 1180 80 | 75 82 | 58

o 150 | 188 136|122 25170

2 159126 [106] 115 58 | 45

v 1381110 1741120 96 | 104

3 168 | 160 1501 139 82 | 60

i Design and Analysis of Experiments, D.C. Montgomery, John Wiley & Sons
1) ) @ Prof. Indrajit Mukherjee, SIMSOM, IIT Bombay ¢

An experiment was conducted at three levels in each for material type which is factor A

and this is a temperature which is factor B, is at three levels. This is a symmetric design
because levels are same for material type and also temperature. So, this is a balance
design we can also see that number of replicates is same. Total number of experimental

trials is 9 over here and in each trial I have 4 replicates over here.

So, 9x4 =36, number of observations we are having and everything is done keeping in
mind that it is randomized experimentation. So, what we will do is that we will just see
how to analyse this data. So, one is categorical, one is continuous variable in the
predictor side and CTQ is continuous variable over here. So, all assumptions normality
assumptions and everything is true whenever I am doing design of experiments. So, we
have to verify that one whenever we get the residual and we have to cross check all the

assumptions that we have done in regression also ok.
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So, in this case what we will do is that this data is in MINITAB and I have already
located this data over here C6, C7, C8 this is plate material temperature and battery life
over here. So, first we can see that whether the variance is same throughout for every
plate material and temperature combinations whether the variance whether the variance
is same or not. So, that check or we can do that. So, we go to ANOVA analysis over here
and test for equal variance. Response is battery life over here and the factor is plate

material and temperature over here.
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In options we will go for other than normality. So, we can also do normality test which

will give me result by Bartlett tests.
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So, in this case if I go with this and this is the Levene’s test and multiple comparison test

that we have done.
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So, we can take any of this over here. So, I will go by Levene’s test let us say and 0.608

is quite significantly more than 0.05. So, in this case we can say that there is no as such
deviation, but at 15 although we are seeing, but overall results it is showing it is not so
significant the variance is not changing significantly ok throughout the experimentation.
So, we are satisfied with this. So, immediately what we will do is that we will go for

ANOVA analysis or balanced ANOVA.
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When 1 select balanced ANOVA, I will write which is the response. So, I will give
response, I will give plate material and temperature over here and also plate material and
interactions also I want to see. So, multiplication of this with temperature of operations

over here.
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So, in options I do not have to do anything.
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And in graphs where we can see normal plot and the residual plots versus fit and storage

what we can do is the residual we can save and then we can click OK over here.
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And then we can see the ANOVA analysis that is given over here. So, in this case I will

copy this one and take it to excel and try to see enlarge this one and see what is the result

outcome.
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And it is saying that when you are changing plate material type, this is having a

significant impact on the battery life. So, there is at least two levels where when I change

the material from 1 to 2 or 2 to 3 like that. So, it is

impacting basically the mean

expected value of the battery life and temperature is also when I change that one it is also

significantly influencing like that.

1026



And also we can see that the interaction between plate material type and temperature of
operations is also significant because this is also less than 0.05. So, interaction is
prominent individually they are prominent so that means, all need to be considered when

we are trying to determine what is the optimal combinations like that.

Whenever interaction is prominent in that case we cannot ignore this interaction between
the variables while we are determining the optimal combination of plate material and

temperature like that ok.
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So, what we have to do is that whenever we have seen this one and normal probability
plot seems to be satisfactory, there is no problem as such we can also check that one

because C14 is the residual. So, we can just check that one whether everything is fine.
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So, in this case normality test we are doing and residual 2 that because earlier there was

some other residual that was same.
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So, in this case what we are seeing is that p value of this is more than 0.05. So, it is

satisfactory basically. So, without have any problem in normality assumptions like that.
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So, we can delete this two over here and then what we can do is that.
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We have done this one and so, we can see 2 plots over here; one is known as main effect
plot, one is known as interaction plot. So, what we have to do is that to get the best
possible settings that we have to see. So, in this case I have to go to stat, ANOVA
analysis and there will be a main effect plot and one interaction plot over here because

interaction is prominent I am going by interaction plot.
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So, what I will do is that I will mention which is the response and I want to see where the
response is maximized and then I will give the two variables one is plate material and
one is temperature over here. And I will click display full interaction plot over here

similarly what we have done last time also.
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So, in this case I clicked OK and whenever the interaction is present you see that the
graphical representation is some more different as what we have seen not similar to the

what we have seen when we were talking about adhesive strength maximization.
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And what we will see if there is interaction you can expect that these lines will cross
each other. So, what you are seeing is that lines are crossing each other. So, in this case
what is expected is that whenever such kind of scenario of interaction is prominent the
lines will cross each other basically and they will not be parallel they will not be parallel

like that.

So, over here I will see one half of this. So, let us see upper right hand side over here. So,
in this case what you see is that to maximise the battery life this is the highest point that

we are observing this brown point that you are seeing over here is 15.

And this line shows plate material type 2. So, plate material type 2 and 15 degree gives
you the best combination over here. So, this is gives you the best combination nearest to
this is we have material type 3 and 15 degree that is also. So, what we are seeing is that
we are seeing maximum temperature maximum battery life condition is appearing when

we are taking a combination at lower temperature at 15 degree and material type 2 or 3.

So, in this case there is no problem in seeing this one although this plate material type 2
is the preferred one. But we have to make a multiple comparison test and figure out
whether this is different from this one. So, whether this point what combination of 15
and 2 is different from 15 and 3 like that. So, we have seen multiple comparison test that
is possible and we can see that one and but we have to consider over here something

else.

In the problem it was mentioned that which material will be robust to temperature
change while we are selecting. So, if you see this diagrammatically over here what do

you observe for material type 3?

There is a flat region from 15 to 70 over here; that means, this battery life does not
change much if you are following plate material type three over here, but if you are
taking plate material 2 the slope of this line is drastically falling what we can see as
compared to material type 3. So, the slope is higher than material type 3. So, material

type 3 is more robust within the temperature zone of 15 to 70 like that.

If you are considering that temperature range, it is insensitive to the change in
temperature if I change from 15 to 70 any range within this assuming the continuity of

the or we can say that within this range we can expect. So, we are just extrapolating our
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interpretation over here. So, 15 into 70 because we have done one discrete points so, but
we can just see the interpolation over here to be more or less flat what we are seeing over

here.

So, in this case what we are trying to say is that this is more flat. So, if you have to take
reference on robustness now which material I should use I should go for material 3 over
here in the range of 15 to 70 and beyond 70 also see material type 3 is giving you higher
value of battery life as compared to any other material 2 or material 3, but any how

material one is of we can ignore this one.

So, for two what you see from 70 to 125 also it is lower than 70 to 125 battery life what
is given by the material 3 over here. So, without much hesitation what we can do is that
we can select material type 3 if I want a robust material which is insensitive to

temperature changes like that we will go for material three like that.
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So, this is interaction plot what we can see over here and we can make a comparison test

also.
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So, if you want to make a comparison test go to ANOVA analysis and then general linear

model comparison test over here.
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You have to mention that battery life is one to test and I want to see plate material type 3
and temperature and I want to make a comparison because that is prominent what we

have seen.
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So, here what you can see is that ah grouping information is given.
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So, 2 and 15 and 3 and 15 are not different as such but based on the robustness
assumptions what we are doing is that we are adopting 3 as the material type because
although there is no significant difference because letter code remains same. So, but we
will select 3 because that is more robust with the change in temperature like that. So, this
comparison test is also possible to see which levels to select which combination of the

levels to select like that is possible.
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And also we can fit a regression model that we told that we can do general linear models

like that fit general linear models over here.
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So, I have battery life which I want to predict and plate material type and temperature is
done and we want to select the models that interactions also is selected over here what

you can observe.
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And I click OK over here.
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So, in options we have not given anything. So, that is not required.
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And in graphical representation this normal standardised residual we can do that and we

can see the residual plots also and then like what we do in regression.
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So, if I click OK over here what you observe is that.
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The same results what we have analysis of variance remains same.
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Rjdj is around here 69% and R’ . . is 58% although not drastically changing like that,

predicte

but the predictive behaviour is not much what we expect. So, in this case what we have
generated a regression model which is significant over here. And we have developed that
based on the ANOVA analysis results that we are getting and then what we can do is that

is this prediction.
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We can predict anything like that. So, I have selected a material type 3 let us say and at
15 degree what is expected. So, I will go to ANOVA analysis and I go to general linear

model and predict.
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If I go to predict it will say what material type you want to predict. So, I will say 3 and
temperature let us say 15. Then I will click OK.
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And it will give me some possible values over here. So, this is the predicted fit values.
So, the regression model that is general linear model that we have fitted over here it is
predicting about 144 is the values and it will give you a prediction interval and
confidence interval. So, 144 is expected when these combinations is run at a separate and

we can rerun this one.

So, expected value is 144, but there is a prediction interval that is given over here. Now
one of the variable is continuous variable over here one is discrete or categorical variable
over here and the CTQ is continuous variable that we can see. So, there is another option

what we can do is that we can also see graphically surface plot of this.
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So, we have seen interaction. So, how does it look when there is a interaction how the

graph looks in a 3D dimension if we want to see then we can see this by 3D surface plot.
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And when you go to the there is wireframe surface like that and I go by surface let us say

surface plots like that.
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So, battery life is the variable which will be on z axis, temperature of operation on y axis

and plate material type on x axis.
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Then surface options over here we can see the methods of this mesh over here Y mesh
numbering over here mesh numbering. So, in this case and this is not so, no much

required to change the settings over here. If you click ok what will happen is that.
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You will get a plot like this; you will get a plot like this and which shows that there is

some curvature in the graph what you see over here. So, this can be rotated also. So, you

can see rotation on Z axis over here and also you can rotate on X axis.

So, if you see the surface like this. So, you can see that it is not plane surface what is

expected because interaction is present. In this case you can expect some amount of

curvature that is present in the model. So, that is prominent over here that you can see

and you can change the direction over here.
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You can also customize the surface.
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If you want to change the colour, you can. So, you can change the colour then you can

see which is the lower surface which is the upper surface like that and the curvature that

is present in the surface like that.

So, one is categorical variable one is continuous variable and battery life is continuous.

So, we can see the plots of this.
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So, what I have done is that I have just changed the surface over here.
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So, customize this one and I have made the surface like this.
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if you take a top view of the surface then what we get is a contour plot. Contour plot is

also very important when we are talking about optimization.

So, it is like you are seeing a top view of a mountain.
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If you see from the top, mountains will have different surfaces. You will see the altitude
along Z-axis. Certain planes will be at same altitude. So, contour plot is an important

plot which MINITAB also gives you.
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So, you go to graph and you go to contour plot.
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Here you mention battery life and temperature and plate material types. Generally the
variable should be treated as continuous variable for the contour plot. But for the sake of

simplicity we are doing this. We will take another example where all the variables are
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continuous and that case it will more relevant, but now just showing you the options that

we have.
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So, here there is an options of contour plot like this. So, where the battery life will be

maximized? Battery life is over here on the right hand side. What you see is that greater
than 180 what is expected is dark green zone that you are seeing over here, plate material
2 or 3, and temperature range around 15 will maximize battery life. So, contour plot is
possible, but one of the variable is discrete over here. So, let us not do this one over here.
But I just showed you that there is an option of contour plot which is also used for when

defining the region which is where the optimality lies basically ok where to see basically.

So, this is contour plot options is there and these are the things that you can do when one
is categorical, one is continuous variable. So, these are the; these are the possibilities
what we have then we have another example over here at the end what we are having is

that.
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We are having another example over here where temperature and pressure is given. So,

this is also another example.
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So, this example and this is a two-factor experimentation. We want to minimize the
impurities over here. And we have different combinations of temperature and pressure.
So, temperature is at 3 levels over here and pressure has 5 levels over here. So, it is

asymmetric design what you see over here.
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There are 15 experimental trials. There are no replicates. We want to analyse this data.
So, in this case this is the data set that we are having temperature, pressure and
impurities over here. So, what we will do is that let us go directly to the analysis of

variance and let us try to do and see that because there is one replicate.
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So, we can also go for balanced experimentation over here only thing is that what will be
the outcome that is of concern for us. So, in this case response is impurity and the model
variables are temperature and pressure over here and let us say I want to estimate the

interaction between temperature and pressure.
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And these options we will give over here and graphical options we will place like this

and then we place ok over here.
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What will happen is that you will see that if I copy this one as picture.
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And if I paste this over here you will find the estimation is not possible over here as there
is no replicates. So, temperature is at 2 levels over here ok degree of freedom is 2,

pressure degree of freedom is 4.

So, total degree of freedom is 6 that is consumed over here by these two factors over
here and total 15 experimental trials was done because 5 into 3, 15 trials are done and so,
14 degree of freedom is the total degree of freedom. So, if we subtract 6 from 14, we get

8 degree of freedom.
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And if you place temperature and pressure with 8 degree of freedom then there is no
error degree of freedom. If there is no error degree of freedom I cannot calculate mean
square over here if I cannot calculate mean square I cannot calculate the F values and p
values over here. So, it is not possible to see temperature and pressure information over

here.

So, in this case we cannot do this. So, we have to confirm now whether the interaction is
present or not. So, how do we calculate interaction? It is already given in Montgomery’s
books how to calculate interaction in case of single replicates what is to be done. So, |
am not going to that details. What I will do is that, [ want to see whether the interaction

is prominent or not graphically whether I can see that one.
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So, if I go to stat and ANOVA analysis over here. So, interaction plots is possible over

here. So, or we can directly go to general linear model and we can go to factor plots also.

1053



(Refer Slide Time: 21:53)

[}
Fle Edit Data Calc Stat Graph View HMep Assistant Additional Tools
SE®Xho/oc0ns 00 L4 .
jsteq- Lefiefefief BT21E] 1 Yo o [y < VI | o e ot ¥y
: AR '

&

ANOVA Impurlty (No Repl.. ¥ X

D ASYMETRIC FACTCRIAL CESIGN AND TWC.WAY ANOVAMWX Hicoral i &
ANOVA: Impurity (No Replicate) versus Temp, Pressure
Response: [Impurty (No Reghcaie) v
Factor Information TR
Avalable; seleced

Factor__ Type Levels Values T

Temp. Fixec 310, 125,150

Pressure  Ficec 5125,30.3540.45 —I

Analysis of Variance for Impurity (No Replicate) | <

Soutce OF$5 MSFP <«

Temp 2 10013 50067 % *

Prassure ER T T

TempPrswre 8 1083 1317 %+ Tems todislay: oy medelterns v

frror 0 ¢+

Total 1414533 -

g, s odel

+ (3] QT a “ o €6 lb—J g W_] <0 cn o u M 4 cs -

primer Type. Method Adhesive Force Plate mate emp  Pressare. Impurly (No Replcate)  RESi1

Heb Conel

7 2 Dipoing 56 _/ L’ Ll 125 30 1 -0.0000000
8 2 Dipping 49 { T 75 T 1 3 4/ 00000000
9 2 Dipping 54 1 12§ 20 125 40 2/+0,0000000
10 2 Spraying 58 1 2 k) 4 300000000
n 2 Spraying 61 1 28 [ w2 9 6,000000¢,
iH 2 Spravina 63 1 25 58 150 30 6/ 0,0000000
WA b0+ | Asymetrc Factoril Design and Tw... ‘

7]

AGwWa

\
Rt 3

And we can see the plots like that. So, temperature over here. This is this will be

impurities that we want to check and then temperature and pressure are the variables.
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And in options titles we are not doing anything.

1054



(Refer Slide Time: 22:05)

B Vi Ul

Fle Edit Data Calc Stat Grph View Help Assitant Additional Tools

GE®(XRO(O|OMK|QO fji-xhf vl

jufed- LefiafebedRTRE] IR BT R ARTT R 1 AR
£ EYRE®K & 124y = H @k

INOVE Ity (ot < %

) ASYMETRIC FACTCRIAL CESIGN AND TWG.WAY ANOVAMWX

ANOVA: Impurity (No Replicate) versus Temp, Pressure | oo |
| Varibles to Indude inPlots

actorial Plots

Factor Information
Factor__ Type _Levels Values Factoral Plots: Graphs X
Temp  Fisec 3100, 125,150

Pressure  Ficec 5125,303540.45

Analysis of Variance for Impurity (No Replicate)

souce OS5 MSEP € Gy i moix
Temp 2 1013 50067 % *
Prassure ER T A T
Gl
TenpPreswre 8 1083 1317 %+ L’ —Fr, —I
frror [ -
Toul 14 14533 | .
[ a | ar a U :AJ e | b |y | [cm an ) w4 os |~
Primer Type. Method Adhesive Force Plate mate Tomp Pressure Impury (No Replcate)  RESH!
{ Gancl
i 2 Dipoing 56 | L/ L‘ —I 125 30 1 -0,0000000
8 2 Dipping 49 pp— 700 T s 35 4/ 0.0000000
9 2 Dipoing 54 1 5 2 I 200000000
) 2 Spraying 58 1 125 0 o 300000000
" 2 Spraying 61 1 128 [ Wy 9] 0000000,
2 2 soravina 63 1 125 5 (I 6100000000

[

So, graphically we are just defining main effect plot and interaction plot.
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So, we have a zigzag pattern and there are two locations where impurities will be

minimized, pressure at 30 or at 40, and temperature at 125 seems to be the condition.
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So, in this case interaction plot is not given, but we

interaction plots over here.
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And using this what we will do

is that we will use impurities

temperature and pressure over here display full interaction plot.
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If you do that you will you will find some displays like this in the interaction plot when
we are going by that. So, this is the zigzag pattern what we have seen. So in this case
what do you see is that patterns are not intersecting each other most of the time that are

patterns are more or less parallel like that.

So, we can expect that there is no interactions as such, but in the Montgomery’s books
also this was proved that there is no interaction between the variables temperature and

pressure over here.

So, these things are confirmed by a separate test and MINITAB does not give you
options for that. But what I am trying to say is that two variables are there and I can
graphically see whether interaction is present or not. And we can also calculate that one

using the mathematical model that is given in Montgomery’s books.
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So, in this case we can graphically also see 3D surface plot that we are generating over

here.
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So, in this case may be wire frames also you can use.
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So, instead of this impurity we will take temperature and pressure over here and I click

OK.
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I will get some surface what zigzag patterns that we have seen.
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So, in this case these graphs can be changed and I can customize the surface patterns
over here. So, may be some colours we can use over here and wire colours also we can

use like this and we can click OK. So, this is the surface that we are generating over here.
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We can rotate the surface and we can see what is happening when I rotate this one. We

can change the colour too.
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So, this is too dark surface colour we can change it to yellow let us say and we can

change this one.
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This is the surface that is been generated over here. So, there are two lower peaks that we

can see one at 30 and one at 40 approximately around 40. So, this is the surface plot and

when you we can also draw the contour plot over here.

1061



(Refer Slide Time: 24:42)

9 Minitab - Uniied
Fle Bt D Colc St Goph View Hep Asitant Additoml Tools

SHE %R G H stepo

s Matrx Plot.,

HhaRidE [ P e Py ¥
Babble ot
£ 1 Margindl Plot.
Sface Plotof Inpury Mo tagam,
) ASYMETRIC FACTCRIAL DESIGH 4 Dotplot.
Surface Plot of Impu . Serandes. D Vs Pressure
ProbabiltyPla
Enprici COF..
Surface Plot [\ probabity Distribution Plov..  *Mp, Pressure =
W Baxglot.,
1 Ieterl Plt.,
1! Indnidul alue Pl
Line lo
ol B chat.
() PeChat
JA Time Seies lo,
o gt 4 g
* B Contour Rt
+ a ar | wsmu’tﬁ« 4 a @ g O o o
Primer Type Method (&) 30 Sufce Pl Plate material Type Temp of Operation Battery Lfe (in Hour) Temp  Pressure. Impurty [No Repicate)
7 2 Dipping 56 1 0 80 125 3 1
[ 2 Dipping 49 ! n 7 125 3 4
9 2 Dipping 5d 1 128 20 125 @ 2
) 2 Spraying 58 1 25 7 125 4] 3|
" 2 $praying 61 1 128 ] 1% 2% 9 F
2 2 Soravina 63 1 25 5 1% 3 6
0 b+ Asymetric actor Design and Tw... ‘

H B O -

AGwaED

(Refer Slide Time: 24:44)

c1s

B

Fle Edit Dsta Calc Stat Graph View HMelp Assistant Additional Tools
SR XRA9CI0(NN 00 &g Tl
el Leliadeded BTG F TR LT R0 YU | ey

AREA I

Surface Plot of Impurity (N.., ¥ X
0 ASYNETRIC FACTCRIAL GESIGN AND TWG.WAY ANOVAMX

Surface Plot of Impurity (No Replicate) vs Temp)

Contour Plot X

[CT Prner Type
c3 adresne Force

C6  Sale materl Type
C7 Tenp of Gperaton
c8  Satery Ufe inHour

Surface Plot of Impurity (No Replicate) vs Tel

Eontou Oyt | oo | e |
gt (o epleat) &
wovew.. | owaopkes,. |
‘

2 o QT o _1““__‘ cn o W B | cu

Primer Type Method Adhesive Force Plate materal Type Temp of Operaton Battery Lie (InHo amp  Pressure Impurty (No Replcate)
7 2 Dipoing 56 1 0 80 ) 1
] 2 Dipping 49 1 ) 75 EI 4
9 2 Dipping 54 1 25 2 ) 2
1 2 Spraying 58 1 25 ) 5 3|
" 2 Spraying 61 1 2 @ W % ol F
2 2 Soravina 63 1 6

W4 b+ Asmetic actorbl Design and T

¢ Asymetric Factorial Design ard Two-way ANOVAmwx

" lﬁ Type here to search

So, when you draw the contour plot it will be more easier to see.
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What you will observe is that there are two pressure points over here. So, in this case
what you see around 30 and around 40 we are getting a impurity which is less than 2 like

that.

This is the darkest position over here. So, around 40 and 30 the optimality is somewhere
we can see the combination which is giving you optimality over here. So, in this case the
combination can be 30, 125 or 40, 125 like that because what we have seen is that there

1S no interaction.
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So, we can have a main effect plot and we can see so, in this case ANOVA analysis main
effect plot.
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We want to see which is the combination which we should use. So, temperature and

pressure like this and I click OK main effect plot.
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So, in this case 30 or 40 any of these options and temperature is coming out to be this if

we enlarge this one the best combination is coming out where I want to minimize the
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impurities over here. What I can do is that take impurity because interaction is not

prominent.

So, temperature is around 125 and pressure can be either 30 or 40 like that these are the

two combinations that we can think of ok minute I have gives you another option over

here because the variables are continuous over here the two variables are continuous and

also the CTQ is continuous over here. MINITAB also gives you an option for

optimization of this what should be the combination of temperature and pressure that will

give you lowest impurities like that.
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So, in this case what you can do is that in ANOVA analysis, GLM, there is a option of

there is an option of response optimizer over here and there is also a predictor that you

can also use over here.
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So, I can take a combination of let us say temperature over 125 and pressure is

approximately let us say 30 and what is the predicted value.
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What we can see over here is around fit value is 0.93, 0.933. So, near to we can assume
let us say near to one like that. So, impurity is less than two what we have seen in

contour plot also. So, prediction seems to be ok.
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And GLM models also we can develop.
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Only thing is that I have to use this impurity over here and I have to see what
temperature and pressure over here and the model will not take interaction. So, that is not

required.
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So, in this case we will have a generalised linear model and in this case we can make a

prediction out of this.
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And I know this MINITAB does it automatically for you when I am; when I am
mentioning predict. So, it is developing the equations and based on that it is predicting
basically. So, what I am interested in response optimization; that means, this is a
response surface that is developed with the CTQ and temperature and pressure over here.

So, I want to identify which is the optimal condition.
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So, MINITAB uses an optimization techniques to do that. So, I want to minimize let us

say impurities over here.
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So, in setup what you have to do is that, this MINITAB automatically takes, but you can

change the upper limit over here. So, if you want upper limits can be changed and target

may be we can make it 0 and this may be upper bound may be 20. And this depends on

you. So, there is no as such hard and first rules over here.
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Whether you want to apply constraints over here because optimization we are doing and
it will search around the surface that will be generated and based on that. So, I can give
constraint to the region. So, within the region of experimentation let us constraint to the

region over here.
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In this case I will click ok and graphically if you want to see optimization plot will be
given and if you want to store something we can store and then we click OK what will

happen is that.
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It will give you a best combination like that. So, the best combination that is given by

this MINITAB software is solutio

(Refer Slide Time: 28:53)

ADW gD

7]

nl.

\

.3

1 Minitab - Uniitled

Fle it Daa Cale Stt Guph View Hep Assitant Additoml Tools
EH® XboOCDHN QO 54
O ER| OG0 ] (0 o 2 o ok 3 |y < & d
] ] AR ]
Response Optimization: 1., ¥ X
] ASYNETRICFACTCRIAL CESIGN AND TWO-WAY ANOVAMNK
Response Optimization: Impurity (No Replicate)
v
Solution
Send to Microsolt® Word
Impurity (No §
Taphcan)  Compothe Sendto Microsolt® PowePont
Solution_Temp _Pressure fit_Desiabily | [Bl Sendto Companion
1 [FE] 0933333 0953333 Send to Mintab Workspace™
([ Copy ChlsC.
Multiple Response Prediction v CopymPlyue
Copy Column
Varible__ Setting.
Ters 7 Decimil Paces '
prewwe 4 & pint
X Delete
Response Fit_SEFt_ 95%C 985,
d <] QT a “ [ <] a @ g © 44 sl cn a &
Primer Type  Method Adhesive Force Plate material Type Temp of Operation Battery Life (In Hour) Temp  Pressure Impurity [No Replicate)  SRES.
1 2 Dipping 56 1 70 80 125 30 1 007956
8 2 Dipping 49 1 il 5 125 3 4 A3
9 2 Dipping 54 1 25 2 125 @ 2 12729
10 2 spraying 58 1 125 0 125 4 3 03182
i 2 Spraying 61 1 128 [) 1% 2 9 01801,
12 2 Spraving 63 1 125 58 150 30 6 +135245

4D M Asymetric Factoril Design and Tw..

Asymetric Fatoral Design ard Two

£ Type here to search

One of the solution is temperature combination of 125 and pressure at 40 that is giving

me one indicator over here what I will just highlight over here which we will discuss

afterwards.
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And this is the indicator that MINITAB uses which is known as desirability which is
known as desirability and this is the last quantity it is close to one indicates that that is
the best solution we are near to the best solution basically ok we are trying to minimize

and if the score is near to 1.

So, this is one of the measures that is used which is known as desirability and one of the
measure here it is composite desirability, but we have only one CTQs that is why we will
get the same measures of desirability and composite desirability over here that we will
discuss afterwards. But my intention was to show that MINITAB can give you some

solution if CTQ is continuous and temperature and pressure is continuous.
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MINITAB can search on the surface using optimization algorithm and it can give you the

best possible combination that is temperature at 125.
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So, this you can see temperature at 125 and pressure at 40.
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And this you can see that there is a red, red highlights that you are seeing over here that
is best combination. MINITAB has figured out like that and it will give you a y values of

approximately 0.9333 ok. So, that is near to one we can assume like that impurity is less
like that.

So, MINITAB gives you and this is the best option MINITAB using the search algorithm
that it is using it will give you some best conditions. So, what we have done over here in
two way analysis of variance, we have taken factors which are categorical and CTQ

which is continuous.

So, the experiment was done and asymmetric design was used, and in this case there is
no replicate basically n is equal to 1 means there is no replicate and how to analyse that
one how to figure out whether interaction is there or not and how to see and how to
optimize the data sets like that and find out the best combination of temperature and

pressure like that.

So, those things are discussed over here more complex relationship and understanding of
this theories can be seen using you can see Montgomery’s books like that. So, we will
stop over here and we will move on to a new topic. So, now, we are entering into design
of experiments, but before that what is required is that we need to know one important

topic which is known as measurement system analysis.
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So, we will just discuss measurement system analysis and why it is required. Because
before I go into design of experiments this is one of the area we should also understand
because that is very helpful because if the instruments is not correct then the

measurement that we are taking has no values basically.

So, until and unless we measure accurately and that has to be ensured. So, after
experimentation this CTQ value that you are getting if the instrument is not correct these
values will be different and the results will be different. So, the purpose will not be
solved. I will not get the optimal condition and pseudo-optimal condition we will get. So,
that is required. So, what is measurement system analysis, we will try to see in our next

session.

Thank you for listening.
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