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INTRODUCTION

o Gage R & R studies are used to assess variation in a measurement process
o They examine Repeatability and Reproducibility

o Repeatability: variation due to the gage/equipment
“within variation”

o Reproducibility: variation due to different operators
“between variation”
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TYPES OF STUDIES IN MINITAB

o Gage R & R Study (Crossed)

o Best one to use, if you can

o Each operator measures each part
o Parts are measured more than once
o # observations per part is the same

o eX.) 3 operators, 4 parts, 5 observations per part
total of 3x4x5 = 60 observations

o Gage R & R Study (Nested)

o When you don’t have the “balanced” design above.
Most often, you use this if all operators cannot
measure all parts.

o eX. Operator 1 measures parts A and B, Operator 2
measures parts B and C.




DESIGNING A STUDY
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DESIGNING A STUDY

Minitab - Minitab Example.MPJ - [Worksheet 6 =] .
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+ c1 c2T C3T C4 C5 Cé c7
RunQOrder| Parts | Operators I I

1 12 1 [

2 23 1

3 3 1

4 44 1

5 54 2

6 6 2 2

T T 2

8 83 2

9 94 3

10 103 3

11 111 3

12 12 2 3

13 1313 1

14 14 2 1

15 15 4 1

16 16 1 1

17 173 2

18 18 4 2

19 19 2 2

20 20 1 2

21 2104 3

22 222 3

23 233 3

24 241 3

25 253 1

Output: New
worksheet with
the design of
your study

In the next
column (C4)
enter in your
measured data,
once you have it




METHODS FOR ANALYZING A STUDY

Two Methods for analyzing a Gage R & R Study (in Minitab)

Xbar - R

ANOVA

1. Uses the average range to estimate variation

2. Breaks down the overall variation into three categories

Part - to - Part
Total
Reproducibility Repeatability

Variation
3. Sometimes, can produce biased estimates.

4. Because of (2) and (3), not the best method.

Click HERE for more information.

1. As the name suggests, uses an Analysis of Variance table to
estimate variation

2. Goes one step further and splits reproducibility into 2 parts

Part - to - Part

Total
Variation
Reproducibility Repeatability
Operator — by —
Part

3. Much better method, because it produces unbiased estimates.

4. ANOVA more accurate, so I suggest using this one all the time.

Click HERE for more information.

What is Bias? The difference between the expected value and the actual (true) value.

Many people look to use estimates that have zero bias because expected = actual. These are called unbiased.
There is a trade-off between bias and variation, however. As bias goes down, variance often goes up

(and vice versa).
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ANALYZING GAGE R & R STUDY
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Remember, crossed
is the “balanced”
study, and nested is

when all operators

cannot measure all

parts
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C4  Measurement — \ Gage R&R Study (Crossed) - Gage Info [
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Measurement data: | Measurement] Conf Int... pateofsudys [
Storage... Reported by:
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Help

For Crossed studies, have the option of

using either ANOVA or Xbar - R

variation with the
allowable spread of
variation.

===

.
Gage R&R Study (Crossed) - ANOVA Options

= deviations)
Process tolerance

¥ Enter st least one specification limit

Lower spec: |—
Upper spec: [

1 Upper spec -Lower spec: |
Historical standard deviation:

Alpha to remove interaction term:  [.25

[~ Display probabilities of misdassification

[~ Do not display percent contribution
[~ Do not display percent study variation
[~ Draw graphs on separate graphs, one graph per page

e




ANALYZING GAGE R & R STUDY- OUTPUT

Gage R&R (ANOVA) for Measurement
Gage R&R Study - ANOVA Method
Gage R&R for Height Reported by :
Gage name: Tencor P-6 Tolerance:
Date of study : Misc: LSL= 1.6 USL=2.4 Target=2
Gage name: Tencor P-6
Misc: LSL = 1.6 USL = 2.4 Target = 2 Components of Variation Height by Part
1004 [% Contribution b4
S
H % Tokrance
Two-Way ANOVA Table With Interaction 5 501 1.95
4
Source DF SS MS F P A
Part 9 0.0562044 0.0062449 321.822 10.000 0 GageRBR _ Repeat Reprod Part-to-Part i 2 3 4 5 6 7 8 9 10
Operator 2 0.0002798 0.0001399 7.210 0.005 part
R Chart by Operator N
Part * Operator 18 0.0003493 0.0000194 0.960 0.51 Brad ban Noelle Height by Operator
Repeatability 60 0.0012127 0.0000202 %002- Py o I (PG5S 2.00 N
Total 89 0.0580462 s o001 ,(W | ,
t i R=0.00677 195
& 0.00 LCL=0
Alpha to remove interaction term = 0.25 SYAREEASISN AR BSOSV BRO6AS O 1.90
Part Brad Dan Noelle
Two-Way ANOVA Table Without Interaction Xbar Chart by Operator Operator
Source DF ss MS F P Brad | Dan | Noelle Part * Operator Interaction
£ 2.0
Part 9 0.0562044 0.0062449 311.856 0.000 8 _ . 200 N
Operator 2 0.0002798 0.0001399 6.987 0.002 £ 1951 Eisein . ~SUA e B
Repeatability 78 0.0015620 0.0000200 & 1904 H - ~
Total 89 0.0580462 A 561808y An N 061 808N NG 6 0y 190 b
Part 1 2 3 4 5 6 7 8 9 10
( \ Part
Gage R&R
$Contribution
Source VarComp (of VarComp)
Total Gage R&R 0.0000240 3.36
Repeatability 0.0000200 2.80
Reproducibility 0.0000040 0.56 Shows how
Operator 0.0000040 0.56 H H
Part-To-Part 0.0006917 96.64 the Varlatlon
\Total Variation 0.0007157 1oo.oy is split up Sometimes, the interaction term (part)x(operator) may not be
significant. If so, it will not influence reproducibility. Minitab will
. o o8 remove the interaction term from the calculations, to make things
rocess toferance = L. simpler, if the term is insignificant.
Study Var %Study Var %Tolerance
Source StdDev (SD) (6 * SD) (%SV) (SV/Toler)
Total Gage R&R 0.0049012 0.029407 18.32 3.68
Repeatability 0.0044749 0.026850 16.73 3.36
Reproducibility 0.0019991 0.011994 7.47 1.50 ) .
Operator 0.0019991 0.011994 7.47 1.50 Compares variation to
Part-To-Part 0.0262994 0.157796 98.31 19.72 SpeCification ||m|tS
Total Variation 0.0267522 0.160513 100.00 20.06




ANALYZING CROSSED GAGE R & R STUDY
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Capability Analysis...

Graphical Analysis...
Hypothesis Tests..,

Regression...

Control Charts...

Measurement Systems Analysis (MSA)...

o Can also use Minitab’s

Measurement Systems Analysis
Use to set up a study, print data
collection forms, and evaluate the
wariation in a measurement system.

Assistant feature
(for crossed only).

Assistant — Measurement Systems Analysis

Choose a Measurement Systems Analysis

Measurement

’— Objective j

Set up study Analyze data
Gage R&R Gage R&R Study
Warksheet (Crossed)

[ | =m—

[

more...

Click to start

Data type

—— Appraisal

’— Objective j

Analyze data

Setup study

Worksheet

-

more...

[ otk
EA

Analysis

1 v

more..

Cancel

Gage R&R Study (Crossed)

C1
c4

RunOrder Measurement data

Measurement
Operators: Operators {optional)
Parts: Parts

Measurements: Measuramanﬂ

Process variation

How would you like to estimate the process variation?

" Use historical standard deviation: (strongly recommended)

l {+ Estimate from parts in the study I

Tolerance {optional)
Would you like to evaluate the capability of the measurement system to accurately accept or reject parts?
* Enter atleast one specification limit
Lower spec:
Upper spec:

" Enter tolerance width

Upper spec - lower spec:

oK Cancel

Unless you already
know the process
standard deviation, you
must estimate it.




UTPUT- ASSISTANT

Gage R&R Study for Measurement
Summary Report

Can you adequately assess process performance?

0% 10% 30% 100%
Ves I | o
100.0%

100.0% of all process variation can be attributed to the
measurement system. The process variation is estimated from
the parts in the study.

Variation Breakdown
Is there a problem with repeatabiity or
reproducibility?

% of Process

Total Gage

Repeatability Reproducibility

Gage R&R Study for Measurement
Variation Report
Xbar Chart of Part Averages by Operator
. At least 50% should be outside the imits. (actual: 0.0%)
Study Information 2
Number of parts in study 3 8-
Number of operators in study 2 ‘\\_\—\_
Number of repicates 3 I
(Repiicates: Number of times each operator measured each part) 44
R Chart of Test-Retest Ranges by Operator (Repeatability)
Comments Operators and parts with larger ranges have less consistency.

General rules used to determine the capabiity of the system: i /
<10%: acceptable 2.5+ S ——
10% - 30%: marginal 0.04
>30%: unacceptable

Examine the bar chart showing the component contributions, Reproducibility — Operator by Part Interaction Variation Breakdown

Look for abnormal points or patterns. 9hProcess

and use this information to quide improvements: s o

- Test-Retest component (Repeatabiity): The variation that Source StDev (data)

occurs when the same person measures the same item multiple Total Gage 1578 100.00

times. This accounts for 88.7% of the measurement variation. It - Repeatabiity 1.400 88.74

is 88.7% of the total variation in the process. ——— . Reproducibilty 0.727 46.10

-- Operator component (Reproducibiity): The variation that Part-to-Part 0.000 0.00

occurs when different people measure the same tem. This 5

accounts for 46.1% of the measurement variation. It is 46.1% Process Var (data) 1.578 100.00

of the total variation in the process.

Reproducibility — Operator Main Effects
Look for operators with higher or lower averages.
10.0
7S
5.0
1 2

Gage R&R Study for Measurement
Report Card
Description

Check Status
Amount
of Data

Xbar
Chart

Chart

To determine if a measurement system is capable of assessing process performance, you need good
estimates of the process variation and the measurement variation

— Process variation: Comprised of part-to-part and measurement variation. It can be estimated from a
large sample of historical data, or from the parts in the study. You chose to estimate from the parts but
have fewer (3) than the typical requirement of 10. The predision of this estimate may not be adequate.
If the selected parts do not represent typical process variabiity, consider entering a historical estimate or
using more parts.

- Measurement variation: Estimated from the parts, it is broken down into Reproduchiity and
Repeatabity. The number of parts (3) or operators (2) does not meet the typical requirement of 10
parts and 3 operators. The estimates of measurement variation may not be precise. You should view the
estimates as indicating general tendencies, rather than precise results

The control imits are based on Repeatabilty. Idealy, the variation from repeated measurements is
much less than the variation between parts. Guidelines suggest that approximately 50% or more should
fall outside the imits. In this study, no peints are outside.

Each point is the range of the measurements for a part. In this study, no points are above the upper
control imit, indicating all parts were measured with simiar consistency.
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