Five Common Mistakes with Gage R&R Studies

Gage R&R studies are run to determine how “good” your measurement system is. After all, you want a
measurement system that can tell if the product is within specifications or if one sample is different
from another sample.

So, you perform Gage R&R studies. You have multiple operators test multiple parts multiple times.
Then you put the results into your software and generate your Gage R&R report. It presents a number
for % Gage R&R (% GRR). You go straight to the part that tells you how “good” your measurement
system is based on % GRR, hoping it is acceptable. You will get an answer about how good your
measurement system is. But how “good” is that answer? If you made one of the mistakes covered
below, you may well be misled about how good you think your measurement system is. This publication
looks at five common mistakes that are made when performing Gage R&R studies.
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Gage R&R Methodologies
There are several ways to analyze a Gage R&R study. The three most commonly used are:

e Average and Range Method
e ANOVA Method
e EMP (Evaluating the Measurement Process) Method

The Average and Range method has been around the longest, followed by the ANOVA method. EMP,
developed by Dr. Donald Wheeler, is the most recent. Some of the common mistakes below are
independent of the methodology being used. Others are due to the methodology selected for the Gage
R&R study.

Each of these methodologies have been covered in detail in our SPC Knowledge Base. An overview of
the three are given in our publication Three Methods to Analyze Gage R&R Studies if you need more
information.
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Gage R&R Data

The basic set of data we will refer to in this publication are shown in Table 1. This Gage R&R study has
three operators, measuring five parts, two times.

Table 1: Gage R&R Results

Operator Part Result1  Result 2
A 1 67 62
A 2 110 113
A 3 87 83
A 4 89 96
A 5 56 47
B 1 55 57
B 2 106 99
B 3 82 79
B 4 84 78
B 5 43 42
C 1 52 55
C 2 106 103
C 3 80 81
C 4 80 82
C 5 46 54

We will use these data below to demonstrate some of the mistakes made in performing Gage R&R
studies.

Five Common Mistakes in Gage R&R Studies

There are some common mistakes that | have seen in conducting Gage R&R studies. The five that are
covered here are:

o Not Checking the Data for Consistency

o Not Using Historical Data for the Process Standard Deviation

e Not Looking for Differences Between Operators

e Using Arbitrary Guidelines for Deciding if a Measurement System is Good

e Not Using EMP Techniques to Perform Gage Studies
There are other mistakes that are made as well, including not randomizing the runs and not ensuring the
operators do not know what results they previously obtained. For this publication, we will stay with the
five given above.

Not Checking the Data for Consistency

It is very important to check the results of a Gage R&R study for consistency. This means checking to see
if the operators are consistent in the way they run the test. If the operators are not consistent, then the
results will be suspect.
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You check consistency by looking at the range control chart for the operators by part. The range chart
for the data in Table 1 is shown in Figure 1.

Figure 1: Operator-Part Range Chart
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The range chart plots the range between the 2 results for each operator-part combination. The overall
average and upper control limit are calculated and added to the control chart. There are no points
beyond the upper control limit in Figure 1. This means that the operators can repeat the measurements
consistently. The rest of the Gage R&R analysis can continue. If you want more information on this,
please see our SPC Knowledge Base publication: Evaluating the Measurement Process - Part 2. This
publication contains the data and charts shown here with more explanation.

Now, suppose only one number is changed. Suppose Operator B, for Part 2 has a 75 for the second
result instead of a 99. What happens to the results? Figure 2 shows the range control chart with the
changed data point.

The changed data point is now out of statistical control. There was a special cause of variation for
Operator B and Part 2. The range for that result is beyond the UCL. This means that the operators were
not consistent. The reason for the special cause should be found and eliminated. The Gage R&R testing
should be repeated — or, at a minimum, rerun Part 2 with Operator B.

The mistake is that people sometimes don’t look at the range control chart — or don’t know what they
are looking at. When the data are not consistent, you can’t be sure of getting a similar result later. And
if you ignore the inconsistency, your Gage R&R results will look worse. The % of total variance due to
the measurement system (% GRR) is 5.68% for the in-control range chart and 12.40% for the out-of-
control range chart using the ANOVA method to analyze the results.
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Figure 2: Operator-Part Range Chart with Out of Control Point
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While you don’t want out of control points on the range control chart, you do want out of control points
on the X control chart. Since the average range is used in the X control limits and since the average
range is based on the measurement system variation, you would expect the control limits to be tight if
the measurement system can detect the difference between samples. Figure 3 shows the X chart for
the data in Table 1.

Each point plotted is the average for the results for an operator and a part. There are lots of points that
are out of control. This gives you a visual picture that the measurement system can tell the difference
between parts.

Not Using Historical Data for the Process Standard Deviation

This is a common mistake. ldeally, you would like the parts used in a Gage R&R study to be
representative of the production process. This means that the range of the parts in the study should
reflect the range of production.

To determine the % of the variance due to the measurement system, you need to use the following
equation:

of = o + 0

where c% = total variance of the product measurements, 6%, = the variance of the product, and c? = the
variance of the measurement system. The % variance due to the measurement system is then given by:
% Variance due to Measurement System = 100(02/52)
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Figure 3: Operator-Part X Control Chart
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To calculate this, you need an estimate of 6. There are two ways to do this. One way is to use the
parts in the study to estimate the total variation. The other is to use an historical process standard
deviation (oy)

The preferred method is to use historical data. For example, if you make the part frequently, you can
take one month’s data and make a control chart using that data. Then estimate the historical process
standard deviation from the range chart. If you want, you can remove any out of control points before
estimating the historical process standard deviation. If you have enough historical data (e.g. 200 points),
then you probably don’t need to remove the out of control points. Unless there are a lot of out of
control points, they won’t have much impact on the historical process standard deviation estimated
from the range chart. So, using this approach reduces the impact of those out of control (and perhaps
out of specifications) parts and gives you a better estimate of the process variation than the parts used
in the study.

Using the historical process standard deviation does take away the trick of adding out of specification
parts into the study to help increase the total variance in the study and improve the Gage R&R results.

Not Looking for Differences Between Operators

We tend to be happy if the measurement system is “good enough” based on the Gage R&R results and
don’t look for additional opportunities to improve the measurement system. Sometimes if the results
are not good enough, we don’t know where to begin to look.

The first place to begin is to see if there are differences between the operators in terms of repeatability
or bias. The easiest and quickest way to determine possible differences is by using the Main Effects
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Chart (ANOME) and the Mean Range Chart (ANOMR). The ANOME chart compares the operators’
averages, while the ANOMR chart compares the operator’s average ranges. Both charts are used in the
EMP methodology. The chart below shows the ANOME chart for the data in Table 1.

Figure 4: ANOME Chart
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The UAL and LAL are upper and lower ANOM limits — not calculated like control charts — but similar. The
interpretation is the same. Any points beyond the ANOM limits are significantly different from the
average.

Both Operators A and B have averages beyond the ANOM limits. However, looking at the chart in Figure
5, Operator A appears to be significantly different, with Operators B and C getting similar results. This
analysis points you in the right direction to further improve the measurement system. Why are
Operator A’s results so different? Correct that issue and your Gage R&R improves. We will not show
the ANOMR chart here.

Using Arbitrary Guidelines for Deciding if a Measurement System is Good

The question you want to answer, of course, in doing a Gage R&R study is simply “is my measurement
system good enough?”. Most people use the guidelines created by AIAG (Automotive Industry Action

Group):
Table 2: AIAG Guidelines

Average and ANOVA Method Acceptance
Range Method
Under 10% of | Under 1% of total | Generally considered to be an adequate
total variation variance measurement system
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10 % to 30% of

1% to 9% of total

May be acceptable for some applications

total variation variance
Over 30% of Over 9% of total | Considered to be unacceptable
total variation variance

There is plenty that is wrong with these guidelines. To start, the Average and Range method is not
based on % of variance due to the measurement system. It is based on what they call % of the Total
Variation (not variance!), which is based on the ratio of the measurement system standard deviation to
the total standard deviation. One problem is that percentages based on standard deviations do not sum
to 100 as will percentages based on the variances.

To create guidelines based on the variance (using the ANOVA method), they simply squared each
guideline for the % of total variation.

| have yet to see any good reasoning behind these guidelines. Need proof of this? Look again at the first
column in the above table. Those guidelines are based on the % of total variation. However, AIAG uses
the exact same guidelines when using the % of specifications to determine how “good” a measurement

system is. The exact same guidelines for two totally different things?

Put simply, the guidelines in Table 2 should not be used. | imagine the cost has been huge over the
years as suppliers respond to customer’s demands to improve a measurement system that is not
acceptable under these guidelines.

Dr. Wheeler, in his EMP methodology, has developed guidelines based on how the measurement system

impacts the process. His guidelines are shown in the table below.

Table 3: The Four Classes of Process Monitors

Abili Track
Tvbe of Monitor Reduction of Process Chance of Detecting + 3 bi :)tryo:::ssrac
p P Signal Std. Error Shift
Improvements
. M h [) ith
0.8t0 1.0 First Class Less than 10% Rucl);elt an 99% wit Up to Cpso
More than 88% with
0.5t0 0.8 Second Class From 10% to 30% Rucl)e:el an 88% wi Up to Cpso
More than 91% with
1 0, 0,
0.2t0 0.5 Third Class From 30% to 55% Rules 1,2, 3 and 4 Up to Cpao
0.0to 0.2 Fourth Class More than 55% Rapidly Vanishing Unable to Track

These guidelines put the measurement system into one of four classes depending on the value of p, which is the
Intraclass Correlation Coefficient and is calculated as:

p= 0p*/0)’

This is simply the % of the total variance that is due to product variance. Remembering the basic
equation above, then 1 —p is the % of the total variance that is due to the measurement system:

1-p=1-0,4/02 = (0.2 6,2)/0,¢ = 6e2/0,2
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1—pisthe %GRR. Dr. Wheeler developed these guidelines by considering how much the measurement
system reduces a signal (out of control point), the probability that the measurement system can detect a
major shift in the process, and the ability of the measurement to track future improvements. There is
logic applied to the classes of measurements — unlike the guidelines set by the AIAG.

The EMP guidelines are the ones you should use. Please see our SPC Knowledge Base publication,
Acceptance Criteria for Measurement Systems Analysis (MSA), for more information on this topic.

Not Using Evaluating the Measurement Process Techniques to Perform Gage Studies

Dr. Wheeler’s EMP methodology has been mentioned several times in this article. This methodology
provides the most information about your measurement system. In EMP terminology, a Gage R&R
study is called the Basic EMP Study. The Basic EMP study should become the methodology used for
analyzing Gage R&R studies. It provides much more information than the Average and Range method or
the ANOVA method.

The Average and Range method should never be used. It is outdated with its continued emphasis on
using the % of total variation (using the standard deviations for ratios) instead of using the % of total
variance (using the variance). The ANOVA method is much better than the Average and Range method,
although it does give the results in most software packages in both ways (% of total variation and % of
total variance). So, in a way, it continues to promote the use of the % of total variation. And the ANOVA
method does not provide all the information that can be obtained from the Basic EMP Study.

The information you can get from the EMP Study includes:

e Analyze the results by using an X -R control chart

e Determine if the range chart is consistent

e Determine if there are differences in the operator averages using the Analysis of Main Effects

e Determine if there are differences in the average moving range for each operator by using the
Analysis of Mean Ranges

e Estimate the measurement system error

e Determine product and total variances (using parts in the study or historical process sigma)

e (Classify the measurement system as a First Class, Second Class, Third Class or Fourth Calls
monitor

e Determine if there is enough data

e Determine the effective resolution of the measurement system

e Determine if the measurement increment is adequate

e Determine internal manufacturing specifications based on the probable error

e Determine the precision to tolerance ratio

Please see our publication, Evaluating the Measurement Process (EMP) Overview, for more information
on the EMP methodology.

Summary

This publication examined 5 common mistakes when performing Gage R&R studies. These are:
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o Not Checking the Data for Consistency
e Not Using Historical Data for the Process Standard Deviation
e Not Looking for Differences Between Operators
e Using Arbitrary Guidelines for Deciding if a Measurement System is Good
e Not Using EMP Techniques to Perform Gage Studies
Each mistake was discussed along with what should be done to prevent that mistake in the future.

Quick Links

Visit our home page

SPC for Excel Software

SPC Training

SPC Consulting
SPC Knowledge Base

Ordering Information

Thanks so much for reading our publication. We hope you find it informative and useful. Happy charting
and may the data always support your position.

Sincerely,

Dr. Bill McNeese
BPI Consulting, LLC
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