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Definition

A Gage Repeatability and Reproducibility Study is a method of
determining the suitability of a gage or gaging system for measuring a
particular process. Every measurement taken has some error
associated with it, and if this error is large compared to the allowable
range of values (the tolerance band), the measuring device will
frequently accept bad parts and reject good ones?.

IMsA Third Edition
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CMMs

The measurement process may be viewed as a manufacturing process
that produces numbers for its output.

Zeiss Manufactures Data!

Viewing a measurement system this way is useful because it allows us
to bring to bear all the concepts, philosophies, and tools that have
already demonstrated their usefulness in the area of SPC2.

2\SA Third Edition

Carl Zeiss © 2005 Page 4



Carl Zeiss IMT ﬁ
Measurement System Analysis (MSA)

We make it visible.

What GR&R Tells You

A Gage Repeatability and Reproducibility Study conveys 6 basic pieces of
information. They are:

Part Variation

Repeatability

Reproducibility

Repeatability and Reproducibility (R&R)
Percent of Total Variation

Percent of Tolerance
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Measurement System Errors

Can be classified into 5 categories:

Bias — difference between the observed average and the reference
Stability — The change in bias over time
Linearity — The change in bias over the normal operating range.

Repeatability — variation in measurements obtained with one
measuring instrument used several times by one operator while
measuring one part.

Reproducibility — variation in the average of the measurements
made by different appraisers using the same gage when measuring
one part.
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Summary of Terms

Location Variation
Accuracy — Closeness to the true value
Bias — Difference between the observed average and reference
Stability — The change in bias over time
Linearity — The change in bias over the normal operating range

Width Variation
Precision — Closeness of repeated readings to each other

Repeatability — variation in measurements obtained with one CMM
used several times by one operator while measuring one part.

Reproducibility — variation in average of the measurements made
by different appraisers using the same CMM measuring one part.

GRR —the combined estimate of Repeatability and Reproducibility
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Gage R&R will Focus on Reporting

Location Variation

Bias — Difference between the observed average and reference

Width Variation
Precision — Closeness of repeated readings to each other

Repeatability — variation in measurements obtained with one CMM
used several times by one operator while measuring one part.

Reproducibility — variation in average of the measurements made
by different appraisers using the same CMM measuring one part.

GRR —the combined estimate of Repeatability and Reproducibility
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Measurement System Error

Accurate & Precise NOT Accurate & Precise

T Small Sigma
III|'II III|II II|'II

Accurate but NOT Precise NOT Accurate or Precise

Large Sigma

Carl Zeiss © 2005 Page 9



Carl Zeiss IMT ﬁ
Measurement System Analysis (MSA)

We make it visible.

Gage Study Types Discussed Today

We will discuss two methods of testing the repeatability of the CMM. Since CMMs are
different than hand tools, we need different software to speed up the testing process.

Gage R Study (P/T Ratio)
Applications
Assumptions
Analyzed by

Gage R Study (Range Method)

Applications
Assumptions
Analyzed by
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Gage R Study (P/T Ratio)

Application:

Offers a preliminary short term gage repeatability

May be used for screening before shipment of gage
May be used in pre-production when parts are minimal
May be used in gage development — quick comparison
CANNOT be used for final gage acceptance
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Gage R Study (P/T Ratio)

Assumptions:

Process stability and variation is not known
Linearity and Bias are not Issues
Reproducibility is not considered

The part does not change size during the study
Quick Study with Very Little Time to Perform
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Gage R Study (P/T Ratio)

Analyzed by:

Using One Part, One operator, in One Fixture,
Repeatedly Measure the Part 10 or more times.
You may or may not remove the part each time
Calculate Sigma of Measured Values

Multiply by 6

Divide by Feature Tolerance and multiple by 100
Result should be 10% or less (really 3% or less)

6 * Sioma
P/TRatio =100 * rsma

(USL — LSL)
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Gage R Study (P/T Ratio)

60
(USL—LSL)

P/T Ratio =

Isi;n&:lsigrra:lsi;nn 1siqnn:1siqma :1signn
| |

Hominal Bk Sigma —————

Part Talerance
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Gage R Study (P/T Ratio)
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Full Gage R & R Study
Assumptions:

Only 2 factors (appraiser & parts) plus the gage are being
studied.

The effect of variability within each part is negligible

There is no statistical interaction between appraiser &
parts

The parts do not change size during the study
Take a lot of Time to Perform
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Full Gage R & R Study

Application:

Offers Long Term Gage Repeatability Study
Determine Appraiser Capability

Determine Part Variation

Used for Final Gage Acceptance

Carl Zeiss © 2005 Page 17



Carl Zeiss IMT ﬁ
Measurement System Analysis (MSA)

We make it visible.

Full Gage R & R Study

Analyzed by:

Use 5 or More Parts and 2 or More Appraisers

Each Appraiser Measures Each Part 2 or More Times
You Must Remove the Part Each Time

Calculate the Full MSA Calculations
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How to Conduct a GR&R

Obtain and mark 5-10 parts to be measured by the CMM
Decide how many operators (2 or 3) will participate

Decide how many trials (2 or 3) to measure

Run the QC-CALC GR&R Wizard

Be sure QC-CALC is in the Waiting Screen — No Active File

Run your Calypso part program but remember to use the
correct part number and operator displayed in QC-CALC’s
RT Screen.

When the study is complete, select Report — Print Report
Now select Gage Report Tabular and Print Report
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Begin QC-CALC
GR&R Wizard Demo

Using QC-CALC Real-Time Report
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Full Gage R & R Study

- QC-CALC Real-Time - [C: ‘l.,Prullnk‘\.,lJE -CALLC 3. l]"l,Dal:a"l,Sample Gage R&R_GRR.QCC]

[1] Circle diarmeter Subgroup Size: 1 FRecords: BE - 90 Points: 25

[3] Circle

[1] Circle diarmeter

Cpk=16.43
[4] Left Edoe “Width (5] Right D aburn

Cpk=32.02
[B] Fisture Locatar &=

Cpk=21.24 Cpk= 26.39
[¥] Fisture Locator v [B] Final
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Full Gage R & R Study

o Gage R&R Study Setup Wizard

Welcome Screen
Study Parameters
Operator Information
Order Method

Part Order

Setup Complete

Add a new study

AUE RS
wizara

[elete

LCancel
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Full Gage R & R Study

o Gage R&R Study Setup Wizard

Study Parameters
e number of partz,

Screen

Welcome
Study Parameters
Operator Information
Order Method

Part Order

Setup Complete

Study Parameters

Humber af Parts in pour study
Humber of Trials per Part in pour study

Hurmber af Operatars in your study
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Full Gage R & R Study

o Gage R&R Study Setup Wizard

Operator Information
Pleaze enter the namesz of each of the operators in the study. Their
azzigned number iz on the left.

YWelcome Screen

Study Parameters
Operator Information
Order Method

Fart Order

Setup Complete

Operator 1 r'-'1 ike

Operataor 2 -.| ohih

Operator 3

[elete <<Back M et s LCancel
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Full Gage R & R Study

o Gage R&R Study Setup Wizard

— Order Method
Pleaze chooze how pou want o arange the arder of the parts in this study.

Welcome Screen
Study Parameters

Operatar Infarmation & random ordering of partz and operatars will give vou the most statistically
Order Method unbiazed resultz.

Fart Order
Setup Complete

— Order of Parts and Operatars
i~ Run partz in random arder

i Manually ==t order of parts

i+ Sequential, zame park

i~ Sequential, same operataor

[elete <<Back | Hewts> I LCancel
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Full Gage R & R Study

o Gage R&R Study Setup Wizard

Sequential, same part

] |:|Eer-5|t|:|r Inf
Order Method
Part Order

Setup Complete

O = P —
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Full Gage R & R Study

o Gage R&R Study Setup Wizard

Welcome Screen

Setup Complete
‘t'ou have now finished setling up your GRER study. Tao go directly inta

St rs ~CALC Real-Time, click the "Begin' buttan,

Operator Information
Order Method

Part Order

Setup Complete

Dielete <<Back Canicel

Carl Zeiss © 2005 Page 27



Carl Zeiss IMT

Measurement System Analysis (MSA)

We make it visible.

Full Gage R & R Study

- Gage R&R Study Setup Wizard

10 Lp your GH u. Togo direcHy inko
LC Real-Tim he "Bean'' button.

Part Order

Setup Complete B CHERTS
Sawe Study As:

1 Sequential Orded

[Velete <<Back leqin LCancel

Carl Zeiss © 2005 Page 28



Carl Zeiss IMT
Measurement System Analysis (MSA)

We make it visible.

- QC-CALC Real-Time - [C:5Prolink’,QC-CALC 3.00Data%sample Gage R&R_GRR.QCC]
Eile iew FHeport Export Gage R&R Tools Window Help

= m] S vl mlos] o] g &l 9

Mo Active File

Operator
Part 1
Trial 1
Cperator 1 - Mike

rrrrrr
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- QC-CALC Real-Time - [C:5Prolink’,QC-CALC 3.0%Data%Grr-test_GRR.Qcc]
Eile Wiew Report Export Gage R&R Tools Window Help

| o] Sk kvl n|fw & 8

[3] Cirzle ' Subgroup Size: 1 Records: 1 -1 Pointz: 30
[1] Circle diameter ] [3] [4] Left Edge *#idth

[E] Final

Part | Trial | Operator |-
1 1 1 1 Part 1
2 ] Y
2 L L 2 Trial
4 1 2 2 2
5 1 1 3 .
6 1 2 3 Uperator 1 - Mike
7 2 1 1.2l

m— W | Last "Wiritten Recard: 1 | [8 Dimnz] Selections: Mone I_ I_ I_ I_ I_ I_ I_
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- QC-CALC Real-Time - [C:5Prolink’,QC-CALC 3.0%Data%Grr-test_GRR.Qcc]
Eile Wiew Report Export Gage R&R Tools Window Help

| o] Sk kvl n|fw & 8

[3] Cirzle ' Subgroup Size: 1 Records: 1-2 Pointz: 30
[1] Circle diameter ] [3] [4] Left Edge *#idth

[E] Final

1 1 1 Part 1

3 1 2 .

: I I Trial 1

s 1 2 7

g 1 1 g

5 1 2 g Operator 2 - John
7 5 1 115

m— W | Last "fritten Recaord: 2 | [8 Dimnz] Selections: Mone I_ I_ I_ I_ I_ I_ I_
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- QC-CALC Real-Time - [C:5Prolink’,QC-CALC 3.0%Data%Grr-test_GRR.Qcc]
Eile Wiew Report Export Gage R&R Tools Window Help

| o] Sk kvl n|fw & 8

[2] Cirzle # Deviation: 0000024  Selected: & Subgroup Size: 1 Recaords: 1-29 Puointz: 30
] le v [4] Left Edge 'width

[1] Circle diameter

whure Locator # [7) Fisture Lo (3] Final

2[x]
Part | Trial | Operator |«
24 4 2 3 Fart 5
25 5 1 1
26 5 2 1 i
- : : ; Trial 7z
28 5 2 2
23 5 1 2| Operator 3 - Sally
a0 I . ) ~ |

m— W | Last "ritten Recaord: 29 | [8 Dimnz] Selections: Mone I_ I_ I_ I_ I_ I_ I_
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- QC-CALC Real-Time - [C:5Prolink’,QC-CALC 3.0%Data%Grr-test_GRR.Qcc]
Eile Wiew Report Export Gage R&R Tools Window Help

| o] Sk bl |eel n|p[w & 8

[¥] Fizture Locatar v Deviation: 0000072 Selected: Mone Subgroup Size: 1 Recaords: 1-30 Puointz: 30
[1] Circle diameter [3] Cirzle ' [4] Left Edge ‘i

age &R

B A|C|
?[x
Part Trial DOperat -
o4 A 4| fa 2| peratr 3|_| our GRB study iz finished. To remeazure any part, select
it i the grid and chooze "'Re-kMeazure Part" from the Gage
29 5 1 1 FE rmenu.
26 ) 2 1
27 ) 1 2
28 ) 2 2
29 ) 1 3 Finish |
B 2 gl

a0
m— W | Last "fritten Recaord: 30 | [8 Dimnz] Selections: Mone I_ I_ I_ I_ I_ I_ I_
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- QC-CALC Real-Time - [C:\Prolink"QC-CALC 3.0 Data'\Grr-test_GRR.QCC]
Fil=  “iew | Report  Export  Gage RBR Tools  Window Help

El El Print Report. ., 'il

[2]) Circle ¥ Automatic Reparting (OfF) Subgroup Size: 1 Recaords: 1-30 Paints: 30
|-| | Circle dia v Lse Same Report Settings fFor all Parks - Circle 't |"1'| Left EI:IEI Wyl

Setup Automatic Reporking...
Primk Aukarnatic Report Mow Chel+-A
Heset aubo Hepark maunker;

""""" Report Makes. .. [ttt |teeteeetettet ettt et
= Modify User Inputs. .. Ckrl+L ] '= 4B

BN NEl Design Template. ..

""""" Prink Preview

Gage RiR 1age Rk 4.5% Gage RiF=1Z

B A|C|1
2[X]
Part Trial Dperat -
54 cl 4| L 2| Py 3|_I Your GRB study iz finished. To remeasure any part, select
it in the grd and choose "Re-Measure Part" from the Gage
25 5 1 1 RE men.
26 ] 2 1
27 ] 1 2
28 ] 2 2
&3 3 ! M Erish |
5 2 3=l =

a0
B— l"l’_*v| Lazt wiitten Recaord: 30 | [3 Dimsz] Selections: Mone I_ I_ I_ I— I— I_ I_
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o Print Report

eport Template

Design Template

Edit mmut e

\DefaulthGRA Report.grt Browse

Unigue Parts

Mumber of Copies I

Frint Setup
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TS May 3, 2005
e Gage R&R Short Form 10:44:55 a
Prolink Software
Gage Type: FPerformed by Parts 10
Gage Size Fecord Hange: 1-80 Trials £
Gage Mumber: Cperators £
Total Records 80
i ALlatio Gage R&R

Part Variation is a measure of how much the process is actually varying. If an infinite number of
parts made by this processwere measured using an [deal Gage, 99.0% {315 sigma) of the parts
willd be within an interval Part Waration wide. Thisis, of course, only an estimate.

Repedtabjlity (EV)

E quipment Varation is a measure of how much the gage readings vary when the same operstor
measures the same part several times. A large value might indicate gage wear, improper
measurement policy (but all operators are making the same "mistake’, it is not a matter of
indridual operatar skill), or & gage without sufficient resolution or with a defect. This number is

Gage RER is a measure of the cambine wariation of Repeatability and Reproducihility caused by
the gading system as opposed to the manufacturing process. This number, expressed as a
percentage of tolerance, is the most important "“warming flag". If RER is a large percentage of
total variation but not a large percentage of tolerance, both the gage and the process are good
and the process standard deviation is even smaller than it appears {(meaning the process spread
ig smaller and Cpk larger than reported). This also means a more precise gage would allow
tighter contral limits for earlier detection of loss of control. The following tahle shows typical

interpretation:

hest used by comparing it with reproducihility. % Of Tol. Interpretation
o 0-10% Gage is suitable
Beproducibility (AV}) 10- 30% May be acceptable based on impartance of the measured part, cost of gage
Appraiser Variation is a measure of operatar difference. The most common cause of a poor repair, etc. look at R and R separately
flarge) Reproducibility is insufficient operator training. A gage that is sensitive to different  Owver 30% Gage systermn needs improvermnent
technigues or iz difficult to use would alzo cause a lame Reproducibility. We believe using a
ChM or Yision inspection system eliminates most of the human eror. Fixturing should be
checked if thiswalue is high.
Part {PV} Part [{EV) Repeat-| (AV) Repro- Gage
Dimension Nominal UsL LSL Average UCL LCL Variation ability ducability R&R
1 Circle diarmeter 1.0000 10010 09390 1.0000 0.00o1 0.0000 2.24% 5.79% 000% 5.79%
2 | Circle ¥ 2.0000 20002 159998 2. 0000 0.00o01 n.oooo 11.86% 33.25% ¥ 13% 34.00%
3 | Circle ¥ 3.0000 aoozo 28930 3.0000 0.00o01 n.oooo 1.00% 3.13% 0 ER%Y 3.20%
4 | Left Edge Width 4 0000 4 0020 38930 4 0000 0.00o01 n.oooo 0.93% 3.21% 000% 3.21%
5 | Right Datumn 5.0000 50020 49930 5.0000 0.00a1 0.0000 1.00% 3.15% 000% 3.15%
6 | Fixture Locator ¥ G.0000 BO0OO4 59990 G 0000 0.0o01 0.0oo0 4 97 % 1667 % 000% 1567 %
7 | Fixture Locator ¥ 7.0000 70006 59994 7.0000 0.00a1 0.0000 4.30% 13.10% 191% 13.24%
g | Final 5.0000 80005 79095 8.0000 0.00o1 0.0000 2.48% 11.27% 178% 11.41%
AlIAG Calculations Used in this Report

Fage- 1
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Full Gage R & R Study

Using QC-CALC SPC Report
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B oC-cALC SPC - [Monitoring] - [C:4PROLINK,QC-CALC 3.04DATAYGRR-TEST_GRR.QCC]

_'JE“E Edit Wiew Group Report Tools window  Help -|5’|£|

=] BlaEy e lE w2 =

Riecord | (1] Circle diameter | [2] Circle | [3) Circle Y | (4] Left Edge ‘width | [5) Right Datum | (] Fisture Locator s | [7) Fisture Locator 'y’ | (8] Final | (31 Part | (10] Trial | [11] Operator |
1| oo 1.00002 200001 | 299939 4.00000 5.00000 £.00005 7.00000 799957 1 1 1
2 | 0002 1.00001 200004 | 300002 4.00006 4.99357 £.00000 7.00001 799998 | 1 2 1
3| o003 1.00002 200004 | 300002 4.00000 499958 £.00003 7.00002 foooo0o0 1 1 2
4 | 0004 1.00000 2.00001 | 2.00001 2.99999 4.99357 £.00003 £.99938 7.99998 | 1 2 2
5 | 0005 1.00003 200002 | 3.00004 3.99395 4.99995 £.00000 £.99999 799939 1 1 3
E | 0006 1.00000 199938 | 299939 4.00001 493338 £.00000 F.99339 pOo0O01 | 1 2 3
7| 0007 0.99939 200001 | 300000 4.00005 500001 £.00002 7.00001 799939 2 1 1
8 | 0008 1.00002 200000 | 200001 399393 493353 £.00000 7.00004 799938 2 2 1
9 | 0009 1.00002 200004 | 299939 4.00005 4.99357 £.00001 7.00002 799999 2 1 2
10| 0010 1.00000 199338 | 300002 399399 500001 £.00002 7.00000 pooooo . 2 2 2
11| 001 1.00004 199333 | 299338 4.00002 5.00000 §.99339 7.00007 pOOOOD . 2 1 3
12| 0m2 1.00003 200000 | 299939 399393 5.00000 £.00004 7.00004 799957 2 2 3
13| 003 099337 200000 | 299938 4.00004 493355 5.93399 £.93399 799998 | 3 1 1
14| 0014 1.00002 199339 | 2.00000 4.00000 500003 5.99999 7.00003 pooooz - 3 2 1
15| 0015 1.00003 199938 | 2.00001 399395 500003 £.00000 7.00005 pooooz - 3 1 2
16| 0016 1.00000 200000 | 299939 4.00004 4.99393 F.99997 £.99997 799939 3 2 2
17 | 007 1.00001 200000 | 299997 399392 500002 £.00003 7.00001 pooooz 3 1 3
18| 0018 1.00004 200003 | 200003 399396 500003 599357 £.33338 799939 3 2 3
19| 0019 0.99996 200003 | 29999 4.00000 4.99358 £.00003 7.00003 poooot . 4 1 1
20| 0020 1.00003 200003 | 200001 4.00001 500001 £.00005 7.00004 799938 | 4 2 1
21| 0021 1.00003 200001 | 2.00000 4.00002 4.99399 £.00000 £.99938 aoooot . 4 1 2
22| 0022 1.00003 200004 | 300002 4.00002 5.00000 5.99995 7.00006 pooooo . 4 2 2
23| 0023 099357 200001 | 3.00000 399393 493357 £.00001 £.99335 pOOOOO0 . 4 1 3
24 | 0024 1.00000 199996 | 299939 4.00003 5.00000 5.99939 £.99998 poooot . 4 2 3
25| 0025 0.93339 200004 | 300005 4.00000 500001 5.99397 7.00002 79997 5§ 1 1
26| 0026 0.99939 200000 | 2.00000 299998 4.99395 5.99995 7.00001 799998 5 2 1
27 | 0027 0.99958 200002 | 300004 399399 499958 5.99999 £.99993 aOo000Z 5§ 1 2
28| 0028 1.00000 193338 | 2.00001 4.00002 493359 £.00003 F.99338 ROOOOD 5§ 2 2
29| 0029 1.00002 199339 | 2.00004 399393 4.99398 £.00002 £.99999 799996 5§ 1 3
30| 0030 199339 | 3.00004 399393 493358 £.00002 £.93399 799996 5§ 2 3
1 3
Last Written Recard: 30 Records Sorted By: Record Mumberf Azcending) |




3 QC-CALC SPC - [Monitoring] - [C:PROLINK,QC-CALC 3.04DATAGRR-TEST_GRR.QCC]

_-J File Edit “ew Group | Report Tools Window  Help L@ﬂ
E’;| |@| |@|| ®EBar and Bange...
®Bar and Sigma...
Fecard | [1] Circle diame Median and Rangs. .. idth | [5] Right Datur | [6] Fisture Locatar = | [F] Fisture Locator '’ | [8] Final | (3] Part | [10] Trial | [11] Operataor
1 Q001 1.00002 T bl er Remam 500000 B.00005 7.00000 7.93357 1 1 1
2 | 0002 1.00001 Individual and Maving Range. . 495957 B.00000 7.00001 7.999598 1 2 1
a | 0003 1.00002 Maving Average and Range. . 495993 B.00003 7.00002 800000 1 1 2
4 | 0004 1.00000 e : 495957 B.00003 F.95954 7.93358 1 2 2
5 | 0005 1.00003 | Dueariate Analysis. . 4.99996 £.00000 £.99399 799399 1 1 3
B | 000B 1.00000 Abbribute Charts » 495933 B.00000 £.95939 200007 1 2 3
7 | 0007 095599 — 500007 B.00002 7.00007 7.93395 2 1 1
a | 000 1.00002 pk - Pracess Capability... 495939 B.00000 7.00004 7.93358 2 2 1
9 | 00039 1.00002 Raws Daka v Outlier Detect. .. 493957 G.00001 7.00003 7.933595 2 1 2
10 0010 1.00000 Carrelation and Reqgression. .. 500001 B.00002 7.00000 8.00000 2 2 2
11| 0011 1.00004 Histogram Analysis, .. 5.00000 595559 7.00007 800000 2 1 3
12 0012 1.00003 Probability Plat. .. 5.00000 B.00004 7.00004 7.93357 2 2 3
13| 0013 095357 Pareta Analysis. .. 493955 5.95555 £.95555 7.93358 3 1 1
14 | 0014 1.00002 F.CIAnn F 9859539 7.00003 800002 3 2 1
15 0015 1.00003 IS Create Gage R &R Report... 00 7.00005 ao0002 3 1 2
16| 0016 1.00000 Mon-Confarmance Fepart, .. Edit Sage R # R Motes. .. 97 £.99997 7.99999 3 2 2
17 0017 1.00001 Stak Summary. .. 500002 B.00003 7.00001 800002 3 1 3
18| 0018 1.00004 Other Reports... - 500003 5959597 £.95995 7.99995 3 2 3
19| 0019 0.959596 = 495993 B.00003 7.00003 2.00007 4 1 1
20 0020 1.00003 2.00003 2.00001 400007 5,000 B.00005 7.00004 7.93338 4 2 1
21 00A 1.00003 200007 300000 4 00002 495939 B.00000 5.959595 200001 4 1 2
22| 0022 1.00003 200004 300002 4 00002 500000 h.95995 7.00008 800000 4 2 2
23| 0023 095357 200007 3.00000 3.939498 495957 00001 F.95955 800000 4 1 3
24 | 0024 1.00000 1.99996 2935939 400003 5.00000 5.935939 £.939595 8.00001 4 2 3
25| 0025 095939 200004 2.00005 4. 00000 500001 5959597 700002 7.999597 A 1 1
26 | 0026 095599 2.00000 3.00000 3.939498 495996 h.95995 7.00007 7.93358 a 2 1
27 | 0027 095354 200002 3.00004 3.933495 495933 b.95554 F.95933 800002 4] 1 2
28| 0028 1.00000 1.95554 300001 4. 00002 493939 G.00003 £.95555 800000 A 2 2
29| 0029 1.00002 1.95999 200004 3.99998 495993 B.00002 £.95995 7.99996 A 1 3
a0 | 0030 300004 3.939498 495993 B.00002 F.95954 7.933596 ] 2 3

®

m 193333

l

La=t Written Record: 30

Records Sored By: Record Mumbet{ Azcending)




. May 12, 2005

Gage R and R Report 83542 3

Prolink Software studty Date May &, 20035
Perfarmed by Bruce File Mame = GRRE-TEST_GRRE.QCC
Gage Type ZBiss DimensionMame = Circle diameter We make it visible.
Gage 5ize Big Dimension Mumber = 1
Gage Mumber 999 Tolerance = 0.0020
Owverall Part Average = 1.0000083 Average Range = 0.0000244 k1 =42480
Fange of Part Average = 0.0000172 Total wariation = 0.0001154 k2 =265 h lcul led
. K3=2076 The calculations circled in
Max Operator Average = 1.000014 Upper Ctrl Limit = 0.0000797 D3 = 0.000 d h
Min Operatur A'\-"EI’E_QE = 1.000001 Lower Ctrl Limit= 0.0000000 D4 = 3267 red are snown as raw
Operatar Avg DIt = 0.000013 values. The second column
is the repeatability based
Rz Waration = 0001154  Tolerance = 0.0020 on Total Variation. The third
Partvaration= 00000358 30 9766% Py = 1.7877% column is repeatability
Repeatability = 00001093 894 7081% Ev = 5.46596%
Reproducibility = 00000037 5.4160% A = 04B57% based on the feature
Gage R &R = 00001097 895.0813% GRRE = 54872% tolerance.
Oper. # Part Trial 1 Trial 2 Average Range Part Avg. The |0ng standing tradition
1 1 1.00002 1.00001 1.00001 3 0.0000150 of reporting measurement
1 2 0.99994 1.00002 1.000004 0.0000323 | t of
1 ] 099997 1.00002 0 999999 0.0000 456 ErlitelHeln y_as_ a percent o
1 4 099995 1.00003 0999997 0.0000710 tolerance is inadequate for
1 5 099939 099993 0999991 0.0000043 the challenges of the
1 Ay 0.99399 1.00001 1000001 0.0000343 marketplace that emphaS|Ze
2 1 1.00002 1.00000 1.00001 2 0.0000221 strategic and continuous
2 2 1.00002 1.00000 1 000003 0.0000255 :
2 3 1.00003 1.00000 1000011 0.0000280 process improvement.
2 4 1.0000% 1.0000% 1 000028 0.0000069 \V/ISYAN
2 5 0.93998 1.00000 0.999390 0.0000128
2 Ay 1.00002 1.00000 1000010 0.00001 86
3 1 1.00003 1.00000 1.00001 3 0.0000355 1.000013
3 2 1.00004 1.00003 1.000035 0.0000083 1.000016
3 3 100001 1.00004 1 Q00026 0.0000260 10000012
3 4 093997 1.00000 0999982 0.0000303 1.000003
3 5 1.00002 1.00002 1000015 0.0000000 0.8999999
3 Ay 1.00001 1.00002 1.00001 4 0.0000203 1.000003
* {hurt of Control

Carl Zeiss © 2005



Carl Zeiss IMT
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F sWanation = 0.0001124  Tolerance = 0.0020

FPartvaration= 00000358 30 .5766% 1.7877%
Fepeatability = 0.0001093 94 7081% 5. 4B56%
Feproducibility = 0.0000027 8.4160% 0.4837%
Gage R &K = 00001097 925.0813% 5.4872%

PartFariation *100 = 0.0000358
Variation 0.0001154

Fart Wariation® = *100 = 30.5766%

Ee peaiability *100 = 00001093

Fepeatability(Ev)% =
Fariation 00001154

*100 =594.7081%

_ Ee producibifity %100 = 0.0000%°7

Reproducihility{ AV)% = *100 = 8.4160%

Fariation 00001154

Gage R & R = BV + A =+J94.7081% +2.416° = /0040453261 = 95.0813%

Carl Zeiss © 2005

We make it visible.

The calculations in the
middle column are the
repeatability values based
on the raw values divided
by the total variation. See
equations.

Viewing the raw value for
EV we see 0.0001093. By
multiplying this value by 10
we see that the gage is
usable to measure parts
with tolerances of 0.001
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Measurement System Analysis (MSA)

We make it visible.

The calculations in the right
Ry varnation=  0.0001154  Talerance = 0.0020 column are the repeatability
PartVariation= 00000358 30.9766% i et e=e ey D el e
Repeatability = 00001093 94 7081% A AE56% This is a much easier method of
Reproducibility = 00000097 8.4 160% 0.4827% accepting the gage for use.
Gage R &R = 00001097 5.4872% .
L ’ The GRR is listed a 5.4% when
the part tolerance is 0.002.

Calculated on Tolerance However, using these numbers
can be misleading. As the
_ 0.0000358 100 = 1.7577% customer imp_roves their
Talerance process and tightens the
tolerances the gage may
become inadequate for future

_ Ee peaiability 100 = 00001093
Tolerance 0.002 projects.

EY *100 =54656

_ Ee producibility _ 0000057

Al 100 = ————*100 = 0.4857
0.002

Tolerance

GRR = BV + AF* = +/5.4656* + 0.4257% = 30,1086 =5.4371

Carl Zeiss © 2005



Circle diarmeter Circle ¥
Grr-test GRR.QCC May B, 2005 Grr-test GRR.QCC May B, 20035
Dirm 1 H%Ther of Parts ? 0100 Dim 2 B%rl"_nher of Parts g e
woBo e gEm |l Ee dge S0
Nurber 59 Part Average  1.00001 Humber 99 Part Average  2.00001
By Bruce P Part “ariation  1.79% By Bruce P Part Variation  8.92%
Clperators 3 EVRepeatahlllti( 5.47% Clperatars 3 E\KRepeatabllltF 29.99%
Trials 2 AV Reproducibility 0.49% Trials 2 Ay Reproducibility B.28%

Sage RER 5.49% Gage HER J0.64%
Circle ¥ Left Edge Width
Grr-test GRR.QCC May &, 2003 Grr-test GRR.QCC May B, 2003
Dim 3 H%Ther of Parts % — Dim 4 H%rl"_nher of Parts i 00200
R i e Nominal 3.00000 [HEC. = Nominal 4.00000
size o LEL 2.95500 size B LEL 3.99500

Part Average 3.00001 Fart Average 4.00000
B Bruce P Part “ariation  1.75% By Bruce ' Part “ariation  1.31%
Dperatnrs 3 EVRepeatahlllt?{ 3.04% Dperatnrs 3 E\KRepeatabllltF 4.33%
Trials 2 AV Repraducibility 0.00% Trials 2 Ay Reproducibility 1.47%

Gage HER 3.04% Gane HAR 4 57 %
Right Datum Fixture Locator X
Grrtest_GRR.QCC May &, 2005 Grr-test GRR.QCC My B, 2005
Dim & H%Ther of Parts g — Dimb B%anher of Parts g S
woET 0l dmm | fm ge o e s
Nurber 59 Part Average  4.09999 Humber 99 Part Average 500000
B Bruce P Part “ariation  1.51% By Bruce ' Part “ariation  7.98%
Cperators 3 Ev REpE&Tahlht?{ 281% Cperators 3 E‘v’RepeatabllltF 14.53%
Trials 2 AV Repraoducibility 0.00% Trials 2 Ay Repraducibility 0.00%

Sage HER 281% Gage H&R 14.53%
Fixture Locatar Final
Grrtest_GRR.QCC May B, 2005 Grr-test GRR.QCC May B, 2005
Dim ¥ H%Ther of Parts ?EIEIEIEEI Dim & B%rl"_nheruf Parts gDEIEIEEI
Lype foiss Narminal 7.00000 Lipe  Leiss Marrinal 5.00000
Noober O LSL F.99940 Horber 0O LSL 7 99950

Part Average 7.00000 Fart Average 7.99999
By Bruce P Part Wariation 6.63% By Bruce P Part Variation  4.44%
Clperators 3 EVRepeatahlllti( 11.67% Chperators 3 E‘v’RepeatabllltF 8.06%
Trials 2 AN Reproducibility 3.98% Trials 2 Ay Heproducibility 3.72%

Sage HER 12 52% Fane H&R 8.58%

Carl Zeiss © 2005

We make it visible.

The Multi-Dimension
Gage R & R Study Report
is the same as the long
form but allows for 10
dimensions per page.
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We make it visible.

Demonstration

This i1s the end of the PowerPoint Presentation

We will now use QC-CALC to demonstrate GRR.

Carl Zeiss © 2005 Page 44
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