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Lecture — 21
Measurement Systems: Gage R & R Study

Hello friends, | welcome you to the journey of Six Sigma and typically we are in the
measure phase of Six Sigma and discussing various topics. So, today as a part of lecture
21, we will continue our discussion on Measurement System, with a special focus on
Gage R & R Study, we have seen some of the concepts and importance of measurement
system in the previous lecture. And we will strengthen our understanding on one of the

very important aspect that is gage R & R study in this lecture.
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In God we trust, all others

must bring data.”
W. Edwards Deming
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So, before we begin let us see a beautiful quote given by W Edward Deming. “In god we
trust all other must bring data”. So, we can have our intuitions guts and feeling, but this
will not work every time and six sigma approach typically advocates the use of scientific,
inquiry and use of data. | will go one step ahead and say that not only the quality not

only the data, but quality of data is very important.

So, there is a principal called GIGO garbage in garbage out and if your data quality is
poor, then whatever analysis you will conduct that will draw the faulty conclusions and

misguide you in the in taking the corrective actions.
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Recap

O Importance of Measurement
O Characteristics of Measurement Systems

0 Gage R&R and its importance

So, we need data and we need quality data and hence the importance of measurement
system is crucial, we have seen couple of issues like importance of measurement
characteristics of measurement system, gage R & R and its importance in brief in the last

lecture.
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Concepts Covered:

O Properties of measurement systems

O Bias and Linearity

CONCEPTS COVERED U Measurement unit analysis

U Types of Gage R&R studies
U Variable Gage R&R study

O Attribute Gage R&R study

This lecture 21, we will focus on some of the important properties of measurement
system, bias and linearity, measurement unit analysis, types of gage R & R typically
variable gage R & R study, attribute gage R & R study and so on.
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What is Gage R&R?

It is a statistical approach of determining if a gage or a gaging system is
suitable for the process under measurement.

Purpose

* Measurement is an integral part of any manufacturing unit and is useful in
predicting the quality of the manufacturing process .

* The technique is very useful in predicting the inherent variation in the
process, if any, as too much in-process variations can cause serious
problems.

So, let us see what is gage R & R? So, typically it is a statistical approach of
determining, if a gage or gaging system is suitable for the process under measurement.
So, if you recall I mentioned that typically when I am concerned about precision of my
gage, | focus on gage R & R study and whether it is really useful for the measurement or

not that | need to investigate.

So, there are two broad purpose is one is measurement is an integral part of any
manufacturing unit and is useful in predicting the quality of the manufacturing process,
to what extent my manufacturing process is performing well and this investigation is
possible through a proper measurement. Second is the technique is useful in predicting
the inherent variation in the process if any as too much in process variation can cause

serious problems.

So, there are two things one is the process specific variations, other is instrument or gage
specific variation and when | am trying to judge the inherent variations in the process,
then | must have a very precise gage or measuring instrument so, that my quality of

measurement is not affected.
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Terms in Gage R&R

* Gage: A gage is any device that is used to obtain measurements.

* Part: A part is an item that is subject to measurement. Typically a part should
represent the entire operating range of the process under consideration.

* Trial: A trial is a set of measurements on a part that is taken by an operator or
acomputer.

* Measurement System: A measurement system is the complete process of
obtaining measurements. This includes gages, people, procedures and
operations.

Now, there are some important terms in gage R & R. Gage is any device that is used to
obtain the measurement. Part; a part is an item that is subject to measurement you want
to measure it and typically a part should represent the entire operating range of the

process under consideration.

So, when you want to conduct gage R & R study you must see that you should have good
as well as bad, quality parts or products in the measurement system and then you will
really get an idea when you see it over a range that whether your gage or instrument is
performing well or not. Trial; a trail is a set of measurements on a part that is taken by an
operator or a computer and measurement system we have seen in detail in the last
lecture, it is a complete process of obtaining measurement this includes gage instrument,

people, procedure, operations environment and everything.
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Organizations frequently overlook the impact of not
having quality measurement systems.

Organizations sometimes do not even consider that
their measurements might not be exact.

Such presumptions and inadequate considerations
can lead to questionable analyses and conclusions.

So, typically organizations frequently they overlook the importance of measurement and
sometimes do not even consider that they are measuring may be wrong and such kind of
presumptions and inadequate consideration can lead to questionable analysis and
conclusions. And over a period of time you will lose faith in your results, in your

recommendations and then you will stop may be taking the corrective actions.
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What are the consequences?

1. Satisfactory parts are rejected and unsatisfactory
ones are accepted.

2. Makes the process capability/ performance
metric assessment of a satisfactory process
appear unsatisfactory.

3. Sales are lost and unnecessary expenses incurred
in trying to fix a manufacturing or business
process when the primary source of variability is
from the measurement system.

What are the consequences? So, it is not just that | am getting the good or bad quality
data, but there are many consequences and one of them that satisfactory parts are rejected



and unsatisfactory factory parts are accepted. You just think if this happens wherever in
the process and if unsatisfactory part will go to the next stage or may be finally, to the
customer then it will have a huge impact. And the really good quality parts they are
rejected where you are losing the value of entire processing.

Now, second makes the process capability performance matrix assessment of a
satisfactory process appear on satisfactory. As a whole you will all together reject the
process saying that, this process is not capable enough to meet the desired specifications.
And hence the process should be entirely changed, revamped or this process cannot

produce.

Third, sales are lost unnecessary say expense will be incurred in trying to fix a
manufacturing or business process, when the primary source of variability is from the
measurement system. So, you will do all the effort and you will put all the energy in
investigating, but actually the problem is with the measurement otherwise your product

is ok.
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v Tool to address the appraiser/ operator
consistency is a gage repeatability and
reproducibility (R&R) study.

v It is the evaluation of measuring instrument to
determine capability to vyield a precise
response.

So, typically measurement system gage R & R is a tool to address appraiser operator
consistency and this is very much addressed by gage R & R study, it is the evaluation of
measuring instrument to determine capability to yield a precise response. So, the word
here is precision and to what extent my instrument is precise that basically | want to

check.
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Repeatability

It is the variation in measurements
obtained with one measurement
instrument when used several
times by an appraiser while
measuring the identical
characteristic on the same part.
It is also commonly known as
equipment variation.
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Now, let us quickly go through some of the terms associated with my gage R & R study.

So, first one is repeatability and it is also called say equipment variation. So, typically
this is the variation in the measurement, obtained with one measurement instrument
when used several times by an appraisal while measuring the identical characteristics of

the same part.

So, here | have one measurement instrument which is used several time, and | am
expecting that it should give me the repeatabilty. So, if you see the graph a figure put
here there are two bell shaped curve one is gage A and gage B, you can easily see that
gage A is closer to the target value gage B has a wider spread and hence your

repeatability is affected.
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It is the variation in the average of
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measurements made by different \//[ Ot / ‘\ /

appraisers using the same
instrument when measuring the
identical characteristic on the
same part.
It is commonly known as
. appraiser variation. -

If you see the reproducibility then this is also called appraiser variation, or the inspector
variation operator variation and typically it is the variation in the average of
measurements made by different appraisers using the same instrument. |1 have same
instrument, but 1 am just checking the component using the different appraiser and trying
to see that to what extent their readings align with each there. You can see in the figure
that operator A typically this, operator B and operator C, there is a difference even if |
take the mean value of this 3 and this difference basically indicates that there is a
concern with the reproducibility.

(Refer Slide Time: 09:56)
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**Location: Bias, Stability, and
Linearity

“*Spread:  Repeatability  and
Reproducibility



So, if we go ahead then, there are broadly two issues one is the location another is the
spread, when you are talking about the location bias stability and linearity are three
important issues. When you are talking about spread repeatability and reproducibility are
the important issues. So, first I would like to check for the location by a stability and
linearity once this is done, then my interest would lie in checking the spread that is the

repeatability and reproducibility through gage R & R study.
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Repeatability and Reproducibility
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So, just see that what happens when | put repeatability and reproducibility together. So,
you have a repeatability reproducibility merging together, will give you quite a wider

spread of your measurement system which is basically undesirable.
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Stability
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Stability is the total variation in the Tioe
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measurements obtained with a \

measurement system on the same
master or parts when measuring a
single characteristic over an

extended time period.
Stability is sometimes referred to

So, stability you can see in the figure that | have time 1 measurement, | have time 2
measurement and something which is shown here is the stability. So, typically stability
refers to the total variation in the measurements, obtained with a measurement system,
on the same master or parts when measuring a single characteristic over an extended
period of time. Suppose | take the measurement at 7 O’clock in the morning and then |
take the measurement may be at 4 O’clock in the afternoon and then in the evening and
then, | can just try to see that whether they are matching with each other or there is an
issue with the stability of the measuring instrument.
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BIAS

* Gage bias examines the difference between the observed
average measurement and a reference value.

* It answers the question, “On average, how large is the
difference between the values my gage yields and the
reference values?”



The other term which is very important as a part of location is bias. So, gage bias
examines the difference between the observed average measurement and the reference
value. So, you have the benchmark standard reference value taken by a highly precise
instrument or an instrument a part of say a high grade laboratory. And here | am
interested to ask a question on an average, how large is the difference between the values

my gage yields and the reference values.

So, the difference between these two would be a bias of my instrument measuring
instrument and higher the bias poor quality measurement | will be taking.
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So, just see this you have here a reference value and you have the observed average
value; obviously, there is some spread and something which you can see here is the bias

that is the difference between reference and the observed average value.
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A manufacturer wants to know if a thermometer is taking
accurate and consistent readings at five heat settings (202°C,
204°C, 206°C, 208°C, and 210°C). |

+ Six readings are taken at each setting.

+ To find out if the thermometer is taking biased measurements,
subtract the individual readings from the reference value.

+ The bias values for measurements taken at heat setting 202°C are
calculated in a tabular form.

&

Let us see a some example to clarify the bias, suppose a manufacturer wants to know if a
thermometer is taking, accurate and consistent reading at 5 heat settings 202 degree
centigrade, 204 degree centigrade, 206, 208 and 210 and he has taken six readings at
each setting. To find out if the thermometer is taking bias measurements subtract the
individual reading from the reference value and the bais values of the measurement is

taken, suppose let us say at 202 degree centigrade which are now tabulated like this.
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LR R RN A )

Thermometer reading (in 0C) | Actual temperature (in 0C)
202.7 202 0.7
202.5 202 0.5
203.2 202 12
203.0 202 1
203.1 202 11
2033 202 13

| NOTE: The temperature readings at the 202° heat setting are
positively biased; the thermometer gives readings that are higher
than the actual temperature.



So, you can see that second column actual temperature in degree centigrade, | have all
the 202 these are my reference reading and thermometer reading which are at say my
degree centigrade. For a particular heat setting 202, | can see that first time my
thermometer is taking 202.7, then 202.5 203.2 and so on. So, every time | can find the
bias by subtracting column 1 from column 2 and you can see that 0.7,0.51.2, 1, 1.1, 1.3.

So, the temperature reading at the 202 degree heat setting are positively biased, it means
say subsequently there is increase in bias and thermometer gives reading that are higher
than the actual temperature.
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PRGNSO

LINEARITY

* Gage linearity tells you how accurate your measurements are across
the expected range of the measurements.

* It answers the question, “Does my gage have the same accuracy for
all sizes of objects being measured?”

svayan 1 (3)
Now, there is another important concern as a part of location, which is linearity. Gage
linearity tells you how accurate your measurements are across the expected range of the
measurement. So, you do not want your gage to be utilized for a very very narrow range.
Suppose if | talk about the diameter and let us say, | am using micrometer, then say | do

not want diameter of may be 10.2 mm and 10.5 mm only to be measured and in between

value | would like my gage to be operated for a larger range.

So, here my question is that does my gage have the same accuracy for all sizes of objects
being measured. | want to check the diameter of an object having 20 millimeter diameter

or may be 2 millimeter, I should have | should get the same accuracy.



(Refer Slide Time: 15:34)

So, now you see in figure that linearity in the first figure, you will see that lower part of
the range is considered and here higher part of range is considered. So, lower part of
range you will see that when | compare with the reference value, there is basically a
smaller bias and when | look at the higher part of the range, when | compare it with the
reference value there is a larger bias. It means yes there is an evidence that when |
operate my gage, for a higher part of the range and lower part of the range, there is some

concern regarding the measurement and the linearity.
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LINEARITY

If the data do not form a horizontal line on a scatter plot,

linearity is present.




So, this dimension is very important to see that our gage can be operated for a larger
range. And just see here for the example of this heat setting 202, 204, 206, 208 210, | am
plotting the various values taken by the thermometer at a particular heat setting.

Suppose | have taken 1 2 3 4 5 6 readings you can see here, that | have taken ok, I have
taken 6 readings here these are the 6 readings at particular 202. Similar way | have taken
some reading here at 204, | have taken some reading here at 206 and some readings here

at 208 and 210 | have taken some readings.

Now, when | can see that this particular straight line can pass through this readings or |
do not find any horizontal line on the scatter plot, then | would say that yes linearity is

present.
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Interpretation!
(Linearity)

v The scatter plot shows that bias changesas the heat
settings inﬁrease.

v Temperatures for lower heat settings are higher than
the actual temperatures, while readings for higher heat
settings are lower than the actual temperatures.

v Because bias changes over the heat settings, linearity is
present in this data.

So, interpretation of linearity is that the scatter plot shows, that bias changes as the heat
setting increases. And temperature for lower heat setting are higher than the actual
temperature while reading for higher, its settings are lower than the actual temperature

and because bias changes over the heat setting linearity is present in this data.

Now, gage R & R study which is the focus of this particular lecture 21, let us try to see
and the location measures bias stability and linearity whatever | discuss that are specific
to accuracy of the gage. Now, | am talking about repeatability and reproducibility of the
gage it is specific to the precision of the gage.
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Gage R&R Considerations

+ The measurement system must be in statistical control, which is refereed to as
statistical stability. This means that the variation in the measurement system is
due to common cause only, no special cause variation is present.

+ Variability of the measurement system must be small compared with both the
manufacturing process and specification limits.

+ Increments of measurement must be small relative to both process variability

should be no greater than one-tenth of the smaller of either the process
variability or specification limits.

So, gage R & R there are certain considerations that measurement system must be in a
statistical control and this refer to as the statistical stability. It means whatever variation |
observe that should be because of only some random causes chance causes some
variability would be there and no assignment cause or special cause should be present.

So, a variability of the measurement system must be small compared to or compared
with both the manufacturing process and specification limits, if my measurement system
itself has a larger variability how will you predict the health of the process? So, this is
very important that if | want to analyze my process as a part of Six Sigma, | must have

accurate and precise measurement system.

So, a common rule of thumb is that the increment should be no greater than one tenth of

the smaller value of either the process variability or the specification limit.
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Why Gage R&R?

+ A gauge R&R study is used to estimate the proportion of observed total

variation due to unit-to-unit variation and R&R variation.

+ R&R variation includes repeatability, reproducibility and operator-part

interaction (different people measure different units in different ways).

So, the issue is very clear why gage R & R. So, this is typically to estimate the
proportion of observe total, variation due to unit to unit variation and R & R variation.
So, if there is a process variability there will be part to part variation, if there is a
variability because of gage there would be say some repeatability and reproducibility

issues.
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If R&R variation is larger relative to unit-
to-unit variation, the measurement
system must be improved before
collecting data.



So, if R & R variation is larger relative to unit to unit variation, the measurement system
must be improved before collecting the data, otherwise you will simply be collecting the

useless information which will definitely lead you to the wrong decision making.
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Measurement Unit Analysis

* Gage Repeatability and Reproducibility (GRR) is an estimate of the

standard deviation of the variation due to measurement system.

* Part-to-part variation (PV) is an estimate of the standard deviation of the

variation due to the part differences.

* Total variation (TV) is an estimate of the standard deviation of the total

variation in the study.

So, just try to see some of the terms associated with gage R & R measurement unit
analysis. So, repeatability and reproducibility is an estimate of the standard deviation of
the variation due to measurement system. Part to part variation, it is mainly because of
your process variation. Total variation is an estimate of the standard deviation of the total
variation in the study.
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Measurement Unit Analysis

* Equipment variation (EV) is an estimate of the standard deviation of

the variation due to repeatability.

* Appraiser variation (AV) is an estimate of the standard deviation of

the variation due to reproducibility.

You have equipment variation so, estimate of the standard deviation of the variation due
to repeatability and appraisal variation as | mentioned, this is due to reproducibility and

this is because of my operator or the appraiser.
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Total Variance: o7= 07 + 6240,

* Variance due to Part differences (caused in manufacturing), aﬁ
* Variance due to measurement error: Gage variance, agzagg

* The variance from the gage can be further broken down into two types of

measurement error.

So, typically you have g2 = o + 04age and variance due to part difference caused in
manufacturing this is called o3, variance due to measurement error gage variance this is

called agzage. And the variance from the gage can further be divided into say types of

measurement error.
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Gage Variance: Ugage ~ Yreproducibility g arepeatability

+ Variance due to operator differences (between operator) - reproducibility,

o
reproducibility

* Variance due to measurement instrument (within operator) - repeatability ,

2
orepeatabili ty

Ay A6 ) 2
01 = 0p + Oreproducibitity T Orepeatabitity

H 2 2 2
So, when I talk about specifically focus on ggqge, | have 0proaucivitity T Orepeatanitity

and if total | want then | have to add o3.
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Methods to determine Gage R&R

Variable Gauge R&R

1. Range method

2. Average and Range (X-bar and R) method
3. Analysis of Variance method (ANOVA)

Attribute Gauge R&R

So, let me try to clarify that broadly there are three methods for conducting gage R & R
study, range method average and range X-bar and R method, widely used method and
another widely used method is ANOVA. As the part of this lecture, we will focus on the

most appealing easy to use, widely used method say average and range method ANOVA



study we will do or we will try to understand in the subsequent phases of the statistical

analysis.

So, this is all three part of variable gage R & R, if you have attribute kind of
characteristic simply accept or reject go or no go, then you go for attribute gage R & R,

is in this lecture we will focus only on variable and on average and range method.
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v Manufacturing projects generally use Variable studies
more often, but do use Attribute studies to a lesser
degree.

v Transactional projects (Accounting, HR, IT) typically

have Attribute based measurement systems.

So, typically if you see the example from manufacturing as well as transactional then
manufacturing projects generally use variable studies, but sometimes they do use
attribute study. Transactional process like HR, IT, accounting typically, they go by the
attribute study.
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We will focus on Average and Rage Method

* The Average and Range method is a statistical method that
provides an estimate of the following components.
* Part Variation
* Repeatability
* Reproducibility
* R&R
+ Total Variation

* This method computes the total measurement system variability,
which can be separated into components like repeatability,
reproducibility and part variation.

So, we will focus as | mentioned average and range method and the couple of terms
already | introduced associated with this is part variation, repeatability, reproducibility, R
& R and total variation. And this method captures the total measurement system
variability which can be separated into the components like repeatability, reproducibility

and part variation. So, let us see the step by step procedure.
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Step 1

+ Collect the variable data for a component for Gauge R&R study in the
format given in Table A.

+ The part (1 to 10) should represent the spread of the process. It means
parts selected for a gauge R&R study should be of a bad quality having
spread across LSL and USL of the component.

+ Each group will consist three operators - A, B & C, Each operator will be
called one-by-one and he will take three consecutive readings of the
same part no.

So, step 1 collect the variable data for a component for gage R & R study, then the part 1
to 10 should represent the spread of the process it means parts you select for gage R & R



study should have bad quality as well as good quality and they should lie on the either

side of the specification limit.

Each group will consist three operators, | am just giving you a template that can be
extended for more number of operators also, here 1 am considering three operators each
operator will be called one by one and he will check 3 consecutive readings of the same

part number.
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Step 1

+ It means the sequence will be followed like this = Operator A (Trial 1, Trail 2 &
Trail 3 for Part No. 1) then Operator B (Trial 1, Trail 2 & Trail 3 for Part No. 1) then
Operator C (Trial 1, Trail 2 & Trail 3 Part No. 1), Once again Operator A (Trial 1,
Trail 2 & Trail 3 for Part No. 2) .....continues....for 10 parts. Total 30 x 3 =90
readings (30 readings for each operator).

So, step 1 the sequence will be followed like this operator a will come trial 1, trial 2, trial
3 for part number 1, then operator B will come trial 1, trial 2, trial 3 for part number 1,
then operator C will come trial 1, 2, 3 for part number 1. Once again you will call the
operator a now again you will take three trials for part number 2 and same way the
process will continue so, for the given template here you will check 30 into 3, because
you have 3 operators and total 30 say trials so, 30 into 3 you will have 90 readings 30

readings for each operator.
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3
Average

Range

Part
Average

([R, + R * R ])'No. of operators (3) =
X “MAX X -MINX =
UCLp = R x Dy (Dy= 2.58 for three trails)

il 3ol 2 | 2l 30
ro el

So, table A will look like this and what you will have you can just see here, that you have
operator and trial and you are taking 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 parts and you will see
that each operator is taking 3 trials, you find average and range and here you find for

operator A, X, and R,.

So, this is basically the average value for the operator A, similar way you find the
average value for operator B, range for operator B, average of the range of the operator
B, same way average value for operator C, average range for operator C, you find X , Ep.
and then you find R which is the average of the average of the range is and then you find
Xpigs thatis MAX X — MIN X. So, once you complete this particular table, then you can

go for the subsequent analysis.
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Caleulation of o ,,,..omi

Compute R = Average of all R
R

O repeanabilyy = (I_

Value of d2 should be taken from Table B forno. of trials,

Caleulation of o000
[ k7 \
¢ = \
reproducibility =
\ d,

Value of d2 should be taken from Table B forno. of operators.

Where R .= (Tm.. =Xk )

So, step 2 gage R & R calculation which is very simple, calculation of sigma

repeatability and calculation of sigma reproducibility, calculation of sigma repeatability

T

you compute R, which is average of all R. Hence Orepeatability 1S basically —, d is a

dz
standard value I will give you the table and typically for statistical process control, this
standards are determined and we make use of this standard values for the purpose of

calculation.

So, value of d; should be taken from table B. I will show you the table B, similar way

. Rs — —
you have calculation for oyeproducibility= = - And here Rg = Xyax — Xpn SO,

2

2

2 _ 2
O-R&R - (O- repeatability +o reproducibility) '
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Observation in Sample n d2
2 1128

Table B: d2 values

1,693
2,059
2.326

Source: Appendix (Table J): Factors for constructing
variables control charts, Forrest W. Breyfogle Ill,
Implementing Six Sigma, John Wiley & Sons, INC., 2nd

edition.

So, just see table B d, values for number of observations and you have various
standardized d, values. For example, for 2 observation it is 1.128, 3 observation it is
1.693. And you can see the full table from this particular reference given as a part of
appendix table J and factor for constructing variable control chart, basically the book on

implementing Six Sigma by Forrest.
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Step 3

Guidelines for Measurement System Acceptability

% Gauge Repeatability and System is..
Reproducibility (GRR)
10 % or Less Ideal
10%-20 % Acceptable
20%-30% Marginal
30 % or Greater Poor

So, once you have done this there is a decision rule, guide lines step 3, if your gage R &
R is 10 percent or less ideal, you select accept your measurement instrument gage and go




ahead with the measurement, you will not find your measurement and the subsequent
analysis miss leading. If it is 10 percent to 20 percent acceptable, 20 percent to 30

percent marginal, but there is a caution.

Look at the severity of making wrong decision on the final outcome what is its impact,
and if it is not accepted, then you even do not accept the gage when the G R & R is
between 20 to 30 percent. And if it is greater than 30 percent not at all acceptable first
correct the gage change the gage measuring instrument and then only go ahead with the

measurement.
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Step 4
+ Conduct analysis using P/T ratio

+ One widely used index is the precision to tolerance (P/T) ratio, a capability ratio
that compares the measurement error to the specification interval of the part.
The precision to tolerance ratio (P/T) is

ﬁ_( 5.150 15z )
I\ Tolerance

+ Arule of thumb is that the gage is acceptable if P/T< 0.1,

+ The specification for the diameter of our part is

Step 4, there is one very important ratio which is called P/T ratio, so, it is your precision
of tolerance ratio and this standard equation for this is 5.150,,, Which you have already
determined divided by tolerance and as a rule of thumb, if P/T is less than 0.1 your gage

is acceptable. So, here | am considering my tolerance part also with respect to my

precision and if it is less than 0.1, I will accept.
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Conduct a gage R&R study of the following data, where five parts are evaluated
twice by three operators. No. of Parts = 5, No. of Trails = 2

[T opentora [ opentorB

Part | P1 | P2 (P3| P4 | P5 || P1|P2|P3|P4| PS5 | |PL
Trails | T4 [113|113|71[101{113 || 112|117(82[98|110|"| 107{115]103| 110] 131
T2 [114]106{73 | 97 | 130 || 112{107(83|99| 108 || 109|122 | 86 | 108| 130

Note: Determine the values of d2 from Table B.

Let us see the worked out example on gage R & R and the example is like this, say |
have parts P1, P2, P3, P4, P5 and trail T1, T2 each operator as | mentioned previously,
here he is measuring each part two times so, there are 5 parts each operator will measure
each part two times there are 2 trails and | have basically 3 operators. So, once again |
mentioned that determine the value of d, from the given table B as | mentioned

previously.
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[ [ OpmiorA___ || OpeatorB___ || OpentrC____|
Part| PL| P2 (P3PS | PS || PL{P2|P3|P4| PSS PL[P2|P3|P4| PS
Trails [ T0 | N3 [ N3 {71]100f 113 E 12| 107 | 82 98 | 110 |4 107 | 115 [ 103 | 110 ] 131

T2 14106 [ 73] 97 | 130 E 112 107 | 83 | 99 | 108 [&f 109 122 | 86 | 108 | 130

o [yps| s 2t oy i il vz | a2 faasoss oo B 108 iss{ois] 10 | it
R 1 v U ll TAM o w0 | 22|72 |
1 T idiid [ mn/ fl 121y /

[ 62 b % J m] s§ /
Where

113+114
==

X = Mean value I:[ ):m.su-‘or Operator A, Part 1)

Range (R)=x, %y, R= 1)44 13 (For Opc\r}or A, Part 1)
v 1135 ﬁs ‘ﬁ{» 1215
X = Overall average value X=( St ar e ]:I(B.l(]il‘(]mlu'/\)\/

. WY

R= Average range




So, now | am finding some of the statistics like X, R for operator A operator B and
operator C and then you can find the range X , X, R so, you can see the calculation which
is very easy to follow. So, | have the X value for operator A and you can see that 113.5.
So, here it is 113.5, 109.5, 72, 99, 121.5, and because there are 5 total parts | am divided
it by 5.

So, | am getting the average of the average or overall average X 103.5. Similar way I can
take R value is 1 s0, 1, 750 7, 2 s0, 2, 4 so 4 and 17, 17 dividing by 5, I will get R,
average range for operator A 6.2, similar way you can compute for operator B and
operator C.
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Caleulation of @, .unins

([62+28+35.8
R [ =22 =4.93
\ 3
R
-
i
4.93 i
@ reprataditiy ™ (Two measurement r=2,50d, =1,128)
: 1.128 8
LSRR 13 Joc £

”u

Caleulation of @, iy

Where Re = (X au = X ui )

(112.1~102.8 4
awemiiy ™ | : ] (“)lj | (Three operator p=3,d, =1.693)

So, my calculation goes like this | am finding R, o

repeatability !

R
d,
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2y (a' 2es eated ity T .,,w..‘,mn)

atabiluy = “.‘X
exradneibiy ® 549

far = (4387 +5.49%)
4935

Q Q a a

I~ 8

_‘ LS00y i)

I'nlvruum"

tan = 49.35

ran = VA935 = 7,02 /

Tolerance = (USL - LSL )‘/

Tolerance = (117 -82)=35 (Foroperator B) /

Q o~

(Ymax - Ymin )

, it
d,

So, my repeatability value comes out to be 4.38, reproducibility R =

comes out to be 5.49 and then | can just add it to find the o2, , | will take the square

root I will get 4.38 o 5.49. So, | am putting the values and o2, is 49.35.

reproducibility

So, now | can take the square root and put this values into P/T equation, so, | have c7g

49.35 square root is 7.02 | have USL minus LSL and this is for let us say, operator B |
have considered | am putting the values here P/T comes out to be 1.03.

So, if it is less than you can see the guiding principle and decide. So, if it is less than 0.1
it is acceptable here it is larger than these so, | have to think and check my measurement

system, correct it or adapt the new one and then only I should take the correct readings.
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ANOVA Method

The ANOVA method goes one step further and breaks down
reproducibility into its operator, and operator-by-part (An
Operator*Part interaction means that two or more operators

may measure different parts differently) components.

So, there is another method which is ANOVA and typically this method has an
advantage, because it considers within and between variation in brief, we will discuss it
in detail later on. And the advantage of this method is that, it considers the interaction
between operator and the part interaction.
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ANOVA is better than
Average and Range (X-bar
and R) method
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AIAG (Automotive Industry Action Group) Method

+ Globally recognized automotive trade association = provide standards
direction,

+ Solve industry business problems to improve operations and trading
partner collaborations.

« Focus: common business processes and technical solutions,
implementation guidelines and education and training.

So, many a times you have an operator and part and depending upon their skill of
measurement, this dimension may have influence on the measurement system, which is

not actually considered as a part of X-bar and R.

So, many a times when this issue is of concern, ANOVA is a better method, then X-bar
and R. To mention AIAG automotive industry action group method, they are the well
established body and they are recommending many best practices for the measurement

system. And this particular body has published the manual which can also be referred.
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Attribute Gage R&R Study

QUnlike a variable gage, an attribute gage does not give information on the
quality of a part but only indicates whether a part is accepted or rejected
based on a set of specified standards.

QAn attribute gage study is a study that examines the bias and repeatability of
an attribute measurement system.

UFor example, you may have an automatic inspection gage that is performing a
100% end of line inspection. It is important that this gage is accurate and
repeatable. To investigate, select 10 parts that are representative of the normal
operating range. Each part in the study has a corresponding reference value.
Measure each part on the gage 25 times and record the number of accepts or
rejects to assess bias and repeatability.



So, finally, as | mentioned if your quality characteristic is of acceptable or rejectable
type, you cannot conduct variable gage R & R you have to go for say attribute gage R &
R. And just for an example you can see that you may have an automatic inspection gage,
performing 100 percent end of line inspection an important that this gage is accurate and
repeatable. So, to investigate you select 10 parts that are representative of smaller
operating range and each part in the study has a corresponding reference value, measure
each part on gage 25 times and record the number of accepts or rejects to assess the bias
and the repeatability.
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. What is the difference between bias and linearity? What are the acceptance

criteria for bias and linearity study?
2. What is the stability of a measurement system?
3. What kind of data is required for an attribute gage study?
4. How the ANOVA method is different from X-bar and R method?

5. What is the difference between variable and attribute Gage R&R study?

So, | would like to end this session with couple of questions for you to introspect and
revise the lecture, what is the difference between bias and linearity, what are the
acceptance criteria for bias and linearity study, what is the stability of the measurement
system? What kind of data is required for an attribute gage study? And how the ANOVA
method is different from X-bar and R method and what is the difference between

variable and attribute type of gage R & R study.
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References:

O T. M. Kubiak, Donald W. Benbow, The Certified Six Sigma Black Belt
Handbook, Second Edition, Pearson Publication,

O Forrest W. Breyfogle IIl, Implementing Six Sigma, John Wiley & Sons,

INC,, 2nd edition,

So, you can use this reference for further understanding.
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Gage R&R, which stands for gage repeatability and
reproducibility, is a statistical tool that measures the
amount of variation in the measurement system
arising from the measurement device and the people

taking the measurement.

So, finally, 1 will conclude that gage R & R which stands for gage repeatability and

reproducibility is the statistical tool that measures the amount of variation in the
measurement system, arising from the measurement device and people taking the
measurement. So, in totality it checks the measurement system as well as the people
repeatability and reproducibility.



So, with this thank you very much, revise the lecture and say keep revising the contents
we are exactly going, in our journey as per DMAIC cycle so, that you can undertake any
project after completing this particular course and systematically say execute various
phases of six sigma be with me, keep learning enjoy.



