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RATIONALE

The aerospace industry is heavily reliant on inspection to ensure that parts and assemblies delivered to the purchaser
meet drawing requirements. There are many differing requirements across the aero engine supply chain, therefore, this
standard is intended to harmonize these requirements into a single approach.

The determination of what needs to be inspected is covered in a separate standard AS13002.

This standard defines the essential requirements to establish acceptable measurement systems (for variable and attribute
features) for use on aerp engine parts and assemblies.
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1. SCOPE

This standard defines the minimum requirements for conducting Measurement Systems Analysis (MSA) for variable and
attribute assessment on characteristics as defined on the drawing or specification. It does not define the detailed analytical
methods for each type of study as these can be found in existing published texts (see Section 2 for guidance).

1.1 Purpose

The aerospace industry is highly reliant on inspection to ensure that parts and assemblies meet drawing requirements.
Ensuring that measurement systems are capable and repeatable is vital to the effectiveness of the inspection process.

The purpose of this document is to define the application of appropriate measurement system analysis tools and the
acceptance criteria to be applied by the Aero Engine Manufacturers Supply Chain. It shall also provide guidance on the

efficiency of application (read across) and mitigation strategies for non-capable measurement systems.

This standard defines t
different acceptance sta|

There may be situations
between the supplier an

Case studies are includ
provided in Section 2.

2. REFERENCES

2.1 Applicable Docun
The latest issue of SAE
unless a specific exemy
this document and provi
2.1.1 SAE Publication

Available from SAE Inte|
and Canada) or 724-77¢

ne MINIMUM acceptance limits for measurement systems analysis. AT he
ndards for specific applications.

where alternative measurement systems analysis needs to be.deployed.
H the specific purchaser prior to approval.

ed to provide practical examples of the application of-these methods an

ents
publications shall apply. Nothing in this document shall supersede applical
tion has been obtained. The documents listed below are intended to sup
e guidance on conducting MSA studies.

S

rnational, 400 Commbonwealth Drive, Warrendale, PA 15096-0001, Tel: 87
-4970 (outside USA)/ www.sae.org.

stry Action Group (2010). Measurement System Analysis, 4™ ed., Detroit,
tandard-Guide for Measurement Systems Analysis.

nd.l'yday, R. W., Evaluating the Measurement Process, SPC Press, Inc.,

purchaser may require

These should be agreed

1 further reading is also

ble laws and regulations
bort the requirements of

7-606-7323 (inside USA

MI.

noxville, TN, 2006.

2.1.2  Automotive Indu
2.1.3 ASTM E2782, S
2.1.4 Wheeler,D. J. ¢
215

2.1.6  Minitab support

"Evaluating the Measurement Process Ill - Using Imperfect Data" by Donald Wheeler.

documentation — www.minitab.com
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2.2 Definitions

ACCURACY: How close the measured value is to the ‘accepted reference value’.
ACCURACY ERROR OR BIAS: The difference between the observed average value of measurements and a known true
value or accepted reference value. Accuracy Error is measurement error not captured in most MSA evaluations and must

be considered in the overall assessment of the measurement system. Bias is discussed further in 8.2.7 of this standard.

NOTE: Observed Accuracy Error may be additive to MSA error and the combined values shall not violate Table 2
requirements. An example of Accuracy Error would be when inspecting a feature with a known value of 0.006 the average

observed value is 0.0075. This is an accuracy error of 0.0015.

This is not typically seen in off the shelf inspection devices but very common in purpose built inspection devices.

ACCURACY RATIO: TireTatiobetween thetotat part toferance—and—thetotatcatibrationm toterarce of the measurement

equipment.

ARTEFACT: An object
condition by comparisor
which is measured in a

ATTRIBUTE: A qualitati
if the values can be rank

CORRELATION: The d
does not necessarily prqg

CRITICAL FEATURES:;
conditions for personng
satisfactory operation or

GAUGE REPEATABILIT
measurement system b
8.2.4 of this standard

LINEARITY: (1) An ass
system. (2) The ability o
variability. Lack of Lined
same time, with instrum
parameters may change

of known size, shape, chemical composition, etc., that is used to test th
of the known artefact characteristic against the measured resglt. Artefa

e measure of a property that is of interest. This may_be’binary (pass/fail, d
ed (e.g., low, medium, and high).

bgree to which two or more factors are statistically related to each other
ve a cause and effect relationship just that they appear to show a link.

Those characteristics of an item which, if nonconforming, may result
| using, maintaining or depending-on the product; or which may preven
functioning of the product. Specific Purchaser Feature Classifications may

'Y & REPRODUCIBILITY((GR&R): A study used to determine how much
y combining the equipmeént variation (repeatability) with the system variat

f the measurement system to consistently measure across the intended ra
rity is typically seen in gauges which inspect parts that change geometric
ents at.fixed locations and angles. It is also typical for process related ev
throdghout the evaluation cycle.

number of ways to establish an acknowledged known measurément valug.
calibration masters or an item which has been calibrated to accurately determine its‘\characteristics.

e measurement system
Cts can be a component
Artefacts can also be

1Y

ood/bad, etc.) or ordinal

and vary together. This

n hazardous or unsafe
t or seriously affect the
exist.

variation is present in a
on (reproducibility). See

essment of aecuracy through the defined range of expected measuremnents in any inspection

nge with very little or no
blly and materially at the
hluations where process

MAJOR FEATURES: Tk

ose characteristics of an item other than critical which if nnnrnnfnrming'

may result in operational

or functional failure of the item, or which materially reduce the usability, physical or functional interchangeability or
durability of the product for its intended purpose. Specific feature specifications will be defined by the purchaser.

MEASUREMENT SYSTEMS ANALYSIS (MSA): The process of evaluating the fitness for purpose of a measurement
system, including methods such as Gauge R&R, Attribute Agreement, Bias assessment, Stability assessment, Linearity
assessment, etc.

MINOR FEATURES: Those characteristics of an item which, if nhonconforming, do not materially reduce the usability,
physical or functional interchangeability or durability of the product, or are departure from established standards having no
significant bearing on the effective use or operation of the product. Specific feature specifications will be defined by the
purchaser.

NUMBER OF DISTINCT CATEGORIES: The number of distinct categories within your measurement data that the
measurement system can distinguish.
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PRECISION: How close the repeated measurement results are to each other.

PURCHASER: The purchaser issuing the purchase order for the part that is subject to the measurement capability
acceptance.

REPEATABILITY: The ability of the measurement system to give the same result when measuring the same feature
multiple times using the same elements of the system; e.g., gauge, operator, environment, fixture, etc.

REPRODUCIBILITY: The ability of the measurement system to give the same result when elements of the system, such
as operator or environment, are changed.

RESOLUTION: The ability of the gauge to detect changes in the characteristic being measured and discriminate between
measurement values.

STABILITY: A measur
depending on the time f

ofhrow variatiorm changes over time. T his carm be tlassifiedasshorttetm or long term stability

ame involved.
SUPPLIER: A supplier 5 and materials for use
within the Aero Engine S

is any manufacturer of systems, sub-systems, assemblies, component
upply Chain.

b causes of the variation
A finite or infinite interval

VARIABLE: Something that is liable to change and is not a fixed value. There may ‘be one or mor¢
either acting independently or together. Variable or continuous data may take on‘any value within
depending on the resolution of the measurement system used to capture that value.

3. APPLICABILITY

This standard is intend

Chain. The minimum r
validate product in its fin

It is expected that these

bd for businesses that design and/or manufacture products throughout
bquirements for both variable and attribute measurement systems are
al condition.

requirements shall be flowed down to all sub tiers within the supply chain

he Aero Engine Supply
defined where used to

and included within their

Quality Management Sygtem.

Any additions or exclusipns to this standard must be agreed with the purchaser.

The scope of applicatio
processes, etc.

n of these requirements shall be defined by the purchaser, and this maly include part numbers,

4. OVERVIEW OF MEASUREMENT SYSTEMS ANALYSIS (MSA)

A Measurement Systefm is“the combination of people, equipment, materials, methods, eny
decisions made on the| medsured results. All measurement systems have a level of uncertainfy associated with them
because of variation in M%M%—%&mﬂw%ﬂ%g%&%m&t&m&eﬁw whole system so that
we can determine if the Measurement system is ‘fit for its intended purpose,’ i.e., the level of measurement variation is not
significant (Table 2 shows the acceptance limits for MSA).

ironment, analysis and

There are several types of MSA; which type is required will depend on the type of data being measured and the influences
on the system (see Figure 2).

The purpose of MSA is to identify the total variation present in the system so that actions can be taken to effectively control
it and ensure repeatable and accurate measurements. These studies should be conducted to represent the ‘real world’ as
much as possible; e.g., range of inspectors, parts that cover the whole specification, normal working environment, etc.

MSA shall be conducted as part of New Product Introduction to validate the measurement system prior to production.
There are also situations where MSA should be repeated, these include: changes to gauge design, refurbishment/repair,
environment, product design change to the feature being measured, etc.
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Table 1 describes situations where MSA is required. Note that in this context MSA refers to the methods described in
Table 2. Which tests are applicable will depend on the type of data being measured and the influences on the system (see
Figure 2).

This standard defines the minimum acceptance limits for MSA and provides guidance for most situations but there may be
situations where alternative methods are required. In such cases they must be approved by the purchaser.

Table 1 - MSA applications

Event Event Description Action
1 New inspection device or method introduction. Perform MSA
. Evaluate current
2 New/Changed Production Process. on Perform MSA
Any significant change to the current inspection device or method:
. . . : oo Evaluate current
3 ie., egwpment, operator, environment, location, sequence, calibration ol Perform MSA
standard, Inspection house, CMM software or hardware change
4 Following a product escape related to (or suspected to be) from the Evaluate current
Measnflrement System (nonconforming material left the facility): ofl Perform MSA

Chan;l;e in how an inspection device or method is used, or'its application*.
For example:

1. WHen changing from simple geometry to complex. Moving from simple

5 lindar dimensions with flat parallel surfaces;to non-flat (non-parallel) Perform MSA
surfaces with geometric constructions reguired.

2. WHen changing from similar to non-similar product characteristics.
Moying from visual inspection of edge breaks with dimensional
requirements to visual inspection'of cosmetic appearance
requirements.

Recalculate from

6 Product requirements are.changed to be more restrictive or tightened. base data or
Perform MSA

As paft of a First Article Inspection (FAI) following a lapse in use of more Evaluate current
7 p

than 24 months: MSA

Existing inspection device or method is being used to accept product and s

: : : Perform MSA
8 has not{previously been evaluated per this standard as directed by .
here required

purchaser.

Product audit non-conformance or product investigation when suspected Evaluate current
9

to be from the measurement system. or Perform MSA

Perform MSA

10 To verify a measurement system is adequate before SPC. )
where required

* Different product with similar geometry and tolerances are typically not considered a change in application.
NOTES:
e Specifications within this table apply unless otherwise stated by the purchaser

e The term “evaluate” means a confirmation that the MSA study characteristics are still valid and additional
measurement uncertainty has not been induced
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5. ORGANIZATION AND COMPETENCE REQUIREMENTS

The correct training of MSA practitioners is key to the successful outcome of the process. Each supplier shall employ or
have access to a practitioner who has appropriate experience and can demonstrate competence that includes all elements
of this standard. It is expected that the practitioner will periodically confirm compliance to the standard. Individuals involved
in the study must be suitably trained and competent in the measurement task. They must be representative of the
measurement system users (see 8.1.3). The MSA study must be lead or facilitated by a person trained and competent in
the methodology covered in this standard.

The supplier shall nominate a suitably qualified and experienced person from within their own organization as accountable
for deployment of this standard and respective compliance.

6. QUALITY SYSTEM

The supplier shall ave—adocumented Process withit its owrm quality SystenT wiich Tmeets

standard. The procdss shall be fully implemented and subject to an audit.

the requirements of this

The documented M
process.

SA process shall describe the training and competency requirements |for practitioners of this

Records of MSA st
guality system and 9

idies identifying measurement systems as capable shall be maintained
ubject to the same level of record retention as its FAI Records.

ithin the organization's

7. MEASUREMENT SYSTEMS ANALYSIS REQUIREMENTS

7.1 Pre-Requisites

The pre-requisites and generic requirements for any type of MSAstudy are:

e The measurement g itional standard.

quipment must be calibrated and.traceable to a relevant national or interna

The measurement
which may impact th

bquipment must be maintained in good condition and checked for evidefce of damage or wear,
e measurement capability:

Production parts mu
is authorized (see 8
outside the LSL and

The parts should be

Individuals involved
representative of the

st be used for studies; except for circumstances where the use of represe
1.1 and 8.1.2). The parts must represent the full tolerance and it is benef
USL.

as clean'and burr free as would be seen by the production inspection met

inthe”study must be suitably trained and competent in the measurem
measurement system users (see 8.1.3).

htative parts or artefacts
cial to include parts just

hod.

ent task. They must be

The measurement system analysis study must be lead or facilitated by a person trained and competent in the
methodology covered in this standard.

An environment representative of the production operation must be used for the MSA study.

The method used for any study must replicate the conditions in the production process. Where alignment, fixturing,
and clamping could influence the measured value, the component must be removed and reloaded between each
measurement. Deviation from this requires purchaser authorization.

During the study, the personnel performing the measurements must not have visibility of either their own or other study
participant's previous results.
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7.2 Considerations when Planning a MSA Study

MSA Studies require careful planning to ensure that the results are truly representative of the measurement system. The
system shall be fully evaluated to identify what could affect the results so that anything likely to contribute to the variation is
included in the study. An MSA is essentially an experiment to determine the degree and causes of variation within a
measurement system. As such, careful use of Design of Experiments is recommended. See also 8.1.

Factors that need to be evaluated include:

e  Environment — temperature, humidity, contamination, vibration, electromagnetic radiation, etc.

e Location — different buildings, sites, etc.

e  Part variation that will affect the measured value (surface finish, flexibility, shape, size, etc.)

e People — shift pattefns, times of the day, experience levels
e Process — fixtures, probes, accessories, etc.

A useful way of visually xpressing the factors is to use a tree diagram example shown below.
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Level 1 Level 2 Level 3
<20°C
Temperature
<22°C
Environment
Damped
Vibration
Undamped
Line 1
Factory A
\ Line 2
Location
MSA Study \ » i [
Factors Factory B > Line X
New Starter %, Dave Jones
<1 Month N
People
Experienced » Jane Smith
> 5 years
Fixture |
| Fixture
I/ Fixture |1
Process
\ 20mm Al
Probe
60mm
Carbon
Figure 1 - Planning an MSA study
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Select feature to
be measured

Feature Variable

type

Attribute

Attribute Gauge
type Resolution
Aﬂnbute‘ Ordinal Accuracy
Pass / Fail Attribute Studs Ratia
Study ’

Figu

Figure 2 shows methods“of‘assessing MSA that can be applied in a logical order. The selectio

Reproducibility
influence?

Noj Yes
Repeatability Gauge R&R
Study Study
Bias*
. Computer
:;::":i controlled < Linearity*
Y correlation®™
* When required by the customer
s ** For equipment that requires programming e.g. CMM
End ***Unless additional methods are required by the customer

re 2 »Selecting the appropriate measurement systems analysis methjods

h of methods should be

based on purchaser requirements (i.€., not all tests may be required). The type of measurement being conducted and the
study characteristics such as part availability, number of operators, number of repeat measurements, etc., many influence
the selection of one method over another. The detailed descriptions and case studies within this standard can guide the

user to the selection of MSA methods. See 7.2 of this standard.
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7.3

MSA Minimum Requirements

Table 2 - Minimum requirements for MSA

Method

Feature Category

Critical Major

Minor

Comments

Resolution

<10% of total tolerance ***

Based on total tolerance.

Accuracy ratio™

Requirement= 10:1

Requirement=
41

Values up to 4:1 may be
acceptable when approved by
the purchaser

Accuracy Error / Blas

<10% of total tolerance

Parehaserfequirements may
override ‘thig

Repeatability

<20% of total
tolerance

<10% of total
tolerance

<30% of total
tolerance*

Purehaser requirements may
override thig

Gauge R&R

<10% of total <20% of total

<30% of total

Purchaser requirements may

Attribute study: ordlinal

tolerance tolerance tolerange* override thig
Computer driven .
o <20% of total Purchaser requirements may
measurement systems <10% of total Tolerance . .
: Jolerance override thig
correlation
Linearity** <1% of total tolerance -
Attribute Study: paps/fail Kappa > 0.8 - Only requirgd on operator
y- pap ppa = 1. dependent interpretation
ICC=0.75 Only requirg¢d on operator

dependent interpretation

*  Repeatability and Gpuge R&R studies are_ only required for minor features when there has bd

that feature or when|required by the purchaser (see Table 1).

**  Only required when|specified by the purchaser or where the feature is a datum.

*** May permit lower regolutions provided an acceptable GR&R is obtained.

NOTE: All statistical calculations assume +3 standard deviations unless otherwise specified by thg purchaser.

In cases where

en an escape related to

nt capability against the

“% of process variation” rather than the “% of total tolerance” seen in Table 2. As process variation is less than the
tolerance, applying these limits will ensure the measurement system adequately controls the process and the
manufacturing process is not limited by the measurement system.
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8. ELEMENTSTO CO

8.1

NSIDER WHEN CONDUCTING MSA

MSA Design Factors

The following section are designed to provide guidance when conducting MSA studies. Where this guidance cannot be
followed as written then alternatives may be appropriate and in such cases this should be agreed with the purchaser.

MSA studies should be designed to find all of the existing variation in the measurement process so that action can be
taken to mitigate it and provide a capable and repeatable measurement system.

8.1.1

Sample Selection

Factors affecting the selection of samples include:

Criticality of dimensg
required.

Part configuration —
sizes which must bg

Purchaser requirem
Sample parts shall reprg

The analysis techniques
to randomize the measuy

In some instances it wil
that is representative of
used, to compensate fol
8.1.2 Sample Numbe
As with any statistical t
however, very dependg
measured characteristic|

10 samples or more arg
report.

Processes where the
measurements per insy

Ons — the degree of confidence required for critical dimensions i1s nigher
large parts, inaccessible features and low numbers of available 'samples
recognized in any reports.

ents — specific requests regarding the selection of samplés may be defineg
bsent the entire production operating range and ideally the entire allowed tg

used assumes that there is statistical independence of the individual data
rements ensuring that operators are not ahleto’identify parts.

not be possible to obtain a fully representative sample of product. In th
the manufacturing process and size-can be used. Where a representativg
a poor sample of parts, this must be documented and approved by the pu

S

bchnique, the larger the sample size, the more accurate the results. The
nt on the measurement process and the type of study being conduc
has significant variation will require a high number of samples to statistica
required. WHere this cannot be achieved, it should be declared as part

heasurement system is subject to human intervention will require a h
ector.\Each inspector shall measure each sample three (3) times or m

where samples show a good level of control, each person shall measure each sample twice.

therefore, more data is

may dictate low sample

by purchasers.
lerance range.

points so must be taken

pse instances, a feature
part or linearity study is
rchaser.

number of samples is,
ted. Studies where the
ly describe the process,
of the MSA acceptance

gher number of repeat
bre. As a minimum and

Attribute studies require a much larger sample size, typically 30 or more.

Where automated measurement systems are used (CMMs, etc.) the human influence should have negligible effect. The
number of repeats can, therefore, be reduced to a minimum of five (5) when proving repeatability of automated
measurement systems or where the operator has no influence on the measured results (see case study 10.1 in this
standard).
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8.1.3 Operators

Where possible, a representative sample of operators who normally use the measurement equipment shall be included in
the study. If this is not possible then a minimum of two (2) people shall be selected. Important factors to consider include:

The most and the least experienced people
People who work in different locations

People who work on different shifts

of eyesight acuity, height, strength, etc.

Any physiological factors that may affect the measurement process; e.g., left and right handed people, different levels

All participants in the m
normally carry out the m
Manufacturing Engineer|
8.1.4 Low Sample SiZ

Ideally at least ten parts
part a minimum of two (

Sometimes though ther
overcome:

Conduct the study
incorporating any tin

Use multiple feature
identified and useq
measurements effe
this method may €
obtained may not bq

Use scrap parts. So
surface finish are

pasurement study shall be trained and experienced in the task. Do not ind
easurement activities as part of their day-to-day duties. Do not include_"ex{
5 unless they are representative of typical users.

es

or features should be available for the measurement study. Using three of
P) times would give sixty data points, which is sufficient.to give meaningful

e may not be sufficient parts available. There, are*a number of ways th
over a longer period of time as parts, become available. This also
e based factors into the study.

s on one (1) part. For example, aslotted disc may contain several identic
tively and a lack of variation\inthe features, but with care this can be acco
xclude sources of variation that could be affecting the measurement

fully representative.

long as the partis representative of a finished part (all features are prese

conforming in case

If no other options

correct) then.nen-conforming parts can be used. Ideally use features
hat non-confermance affects the measurement.

re available then smaller sample sizes may be used but a note should be

highlighting the smdll sample size and higher risk of the results being unrepresentative. Care S

sample can also le

lude people who do not
erts' like Metrologists or

erators measuring each
result.
at this problem can be

has the advantage of

hl features which can be

to conduct the study. Potential problems with using this method ipclude randomizing the

mplished. Be aware that
values and any results

nt and the geometry and
on the parts that are

added to the final report
hould be taken as a low

toa reported low number of distinct categories which may or may not be

a true problem.

8.1.5

In Part Variation

When conducting a measurement study, it is important to identify variation in the part that could affect the measurement
result. As an example consider measuring a shaft diameter where the diameter of the shaft is not perfectly round. Running
a measurement study will capture both variation due to the measurement system, and variation of the diameter shape. It
is advisable to identify the amount of in part variation before the study is conducted. Marking the component to ensure
measurements are taken in the same place will limit the in part variation, but the study will not then be representative of the
measurement process seen in production. Where in part variation is considerable, compared to the size of the tolerance,
this should be declared to the purchaser as part of the measurement study.
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8.2 Analysis of Results

After choosing the most appropriate sampling plan for collecting the measurement values, an appropriate analysis method
shall be selected to interpret the results.

In order to progress with statistical studies the following steps describe some quality checks to ensure the data has been

correctly gathered:

Was the study planned correctly?

A4

Does the method of analysis fit the measurement data?

S

Ca

n the measurement system tell the difference between components measured?

SNZ

Is the process stable (in statistical control)?

S

Are there sufficient distinct categories within the results?

SS

Analyse the Results

8.2.1 Gauge Resoluti
The resolution of a gau
readable unit or usable
the gauge indicates its r|
digit (LSD) and it is this

Resolution may also bg
physiological limitations
For example: a depth g4
which is also the drawi
average eyesight. This 1
8.2.2  Accuracy Ratio

This is calculated by div

Figure 3 - Analysis of results flowchart
DN

ge is an inherent property of that instrgment and is usually fixed by its @
output from that instrument. Care should be taken not to assume that th
bsolution, as this is often not the case. The gauge manufacturer should sp
hat should be used to test the gauge’s suitability for its application.

affected by ‘noise’ such'as electromagnetic interference, vibration, frict
of people reading the gauge; e.g., eyesight.

Juge is used to measure the length of a location hole on a casting. The hol
hg tolerance allowed for the feature. The gauge can be read to 0.01 iy
neans that the‘resolution is 0.01 / 0.1 * 100 = 10% which is acceptable.

esign. It is the smallest
e smallest increment on
beify the least-significant

on, etc., as well as the

b size varies by 0.1 inch,
ch by an operator with

drng the totaI part feature toIerance (from the part drawrng or specn‘rcatro

tolerance spread of the
drawing as 15.6 mm

8.2.3 Repeatability

) by the total calibration
a shaft is quoted on its

+ 0. 05 mm then the total toIerance is O 1 mm. Thrs is measured by a micrometer which has a
calibration tolerance of 0.003 mm. This gives an accuracy ratio of 33:1 which is acceptable.

A repeatability test, also known as a Type 1 Gauge Study, will identify the variation observed when one operator performs
repeated measurements on one part with the same instrument. The best way to analyze the results of this type of study is
to plot the values on a graph.

In this example (see Figure 4) a feature has been measured 50 times and the results plotted on a run chart.
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Type 1 Gauge Study for Feature X

DLP
0.15
Used to measure Feature X on part ABC123

Reported by:
Tolerance:
Misc:

Gauge name:
Date of study:

Height Gauge CH5677
15th August

Run Chart of Feature X

42.02+

42.014

42.004 Ref

Feature X

41.994
Ref - 0.10 * To

41.98-

T T T T
16 21 26 31
Observation

Ref + 0.10 * Tol

Figure 4 - Type 1 gauge study

The accepted referencq value of 42.0 mm has been added as a reference line (‘Ref’ on chatt) s
bias.

Lines have also been added to the chart to indicate 10% of the tolerance (‘Ref +/-0.10*Tol’' on
would be within the 10% limits, but in this example four (4) are not so the source of this variatio
and eliminated before the measurement system can be accepted.

8.2.4 Gauge Repeatapility and Reproducibility (GR&R)

This is the most commpn MSA study used and determines how.the variation in measurement

repeatability and reproducibility. In a good measurement system, the largest variation obtaine|
differences not variation|due to the measurement system.

Once the study pre-reqyisites (7.1) and planning (7.2) are.eompleted then the study can be run an
analyzed, ideally using & suitable statistical analysis software package such as Minitab (contact y
of approved software packages).

There are two approve
method. The calculation

methods for analyzing, the data: an ANOVA (analysis of variance) met
5 used in Xbar and®Rymethod are simpler but the ANOVA method is recom

The objective in the ar
reproducibility, parts, of
easier to interpret if they

alysis of a Gauge R&R study is to split the variation into individual co
erators, ete~and then look for indications of any specific sources of val
are expréessed graphically (see Figure 5).

Gauge R&R (ANOVA)
Reported by: MH

o that we can check for

chart). Ideally all results
n should be established

system is split between
d is due to part to part

d the data collected and
pur purchaser for details

nod and an Xbar and R
mended.

mponents: repeatability,
riation. The results are

Gauge name: Micrometer 374 - 400 mm Tolerance: 0.05 mm

Date of study:  29th September Misc: HF Disc Feature J&

Components of Variation
80 .. % Contribution
4 % Study Var
B % Tolerance
60
£
o
g 40
o
a

204

Gauge R&R Repeat Reprod Part-to-Part

Figure 5 - Components of variation
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The sources of variation are split into component parts and are expressed as percentages; total gauge R&R (left hand
sub-group), gauge variation split into repeatability and reproducibility (center two) and also part-to-part, which is the
variation present in the parts being measured . Each sub-group is expressed in three different ways (represented by the
different shading in the example); as % contribution and then individual components divided by the total study variation and
finally by the tolerance defined for the part under test (see Table 2 for minimum requirements).

If any individual elements are greater that the requirements then further analysis will be required to try and establish why.
Another useful way of expressing the data is to use an Xbar and Range chart which plots the mean average values of

each part measurement by the range of values for that particular subgroup. If operator A measures part 1 twice, the
average of the two values along with the difference between the two measurements are plotted (see Figure 6).

Gauge R&R (ANOVA)
Reported by: MH
c =) - | ¥ 224 Q00 Tak - 005,
Ddte of study:  29th September Misc: HP Disc Feature J6
Xbar Chart by Operator
Dave John Stuart
£ 394.11 ]
g — T_ S M S S _/AV_ UCL=394.1076
L") =
2 394.10 0 X=394.10042
A NE YRR SN
« = LN S ., S PSS 0 Lc1=394.09321
394.09
R Chart by Operator
Dave John Stuart
0.015
g - ol v UCL=00125
& 0.010-
o
E /\ /\
2 i _
E 00057 ¢ o, N 4 h R=0.00383
é VVIE YN v
0.000 4 — — —_— LCL=0

Figure 6 - Xbar & R charts

Because the parts chogen should represent the entire range of possible parts the graph should ideally show a lack of
control; i.e., points outs|de the horizantal- dashed control limit lines (UCL and LCL). In the Xbar ghart the lack of control
actually shows that ther¢ is more paft-variation than measurement variation.

This chart also allows aJcomparison of the different operators and can show how good the discrirpination of the gauge is.
In this example we see thatgperator John is producing different results from the other two and hag roughly three times the
variation in his repeat measurements (up to 0.015 mm compared to 0.005 mm). It can also be segn in the example John’s
9th and 10th measurement points are out of the controt imits in the R Chart by Operator. This gives cause for concern and
the study may be rejected due to the lack of control. Without stability in the range of measured values the measurement
error is not predictable and could lead to a false study result. Instances where a lack of control is detected can be recorded
as part of the measurement system study or through the inspection limitations process and reported to the purchaser,
however it is better to review the process and John's training to ensure control of the process is established before
repeating the trial. The discrimination of the gauge can also be seen to be 0.005 mm by observing the steps in the data
plots (0.000, 0.005, 0.010, etc.).

A number of other graphs can be produced to illustrate the data in useful ways. If reproducibility is significant then the data
from each of the operators can be plotted to show the average measurements for each part. Any patterns in the data can
then be identified to help determine the cause of the variation.

In this example (Figure 7), operator John measures seven (7) out of the ten (10) parts smaller than the other two
individuals.
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Gauge R&R (ANOVA)

Gage name: Micrometer 374 - 400 mm
Date of study:  29th September

394.115

394.110-
v 394.105-
[=2]
g
-

394.100

394.095 -

Reported by: MH
Tolerance: 0.05 mm

Misc:

HP Disc Feature J6

Operator * Part Interaction

+ Dave
= John
> Stuart

Operator

394.090 -

He also seems to have @ problem with measuring dimensions larger than 394,105 mm where his V|

For measurement syste
is the % Tolerance valug

Figure 7 - Operator * part interaction

ariation is much larger.

I accept/reject purposes the figure that shouldbe used to compare against the values in Table 2
, i.e., the total variation percent of tolerance far,each component.

Standard

Deviation

Study Variatioh | % Study Variation % Tlolerance

Source (SD) (6:X°SD) % SV)| (SV / Tolerance)
Total gauge R&R 0.0053424 0.0320546 64.49 64.11
Repeatability 0.0040311 0.0241868 48.66 48.37
Reproducibility 0.0035059 0.0210357 42.32 42.07
Operator 0.003092 0.0185517 37.32 37.1
Operator*Part 0.0016527 0.0099163 19.95 19.83
Part-To-Part 0.0063319 0.0379912 76.43 75.98
Total variation 0.0082846 0.0497075 100 99.41

If the tolerance (Upper s

component by the speci

ied tolerance.

pec - lsower spec) is given, percent tolerance is calculated by dividing the

Study Variation for each

The Study Variation is t

+ ! (] A " ! [ - ) P | [T H I H
1T Stdliudiu ucviatulT CUTTTPUTTIETTU Laituiatcu 1T uTme Stuldy 1TTiuitipneu vy SIA

of standard deviations needed to capture 99.73% of the process measurements.

8.2.5 Linearity

(6) which is the number

Linearity should be evaluated through the entire range of dimensions that the measurement system for which it is likely to
be used. The minimum number of points required to do this is three (3): minimum and maximum dimension plus a mid-
point to check for consistency of any error. Ideally 5 will be used in order to give more reliable results. For example (see
Figure 8), if the range of measurements is 25 to 45, then measurements should be made at 25, 30, 35, 40, and 45 °C.
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Gage name:
Date of study:

Gauge Linearity and Bias Study forTemperature / degrees Celcius

Reported by:
Tolerance:
Misc:

ABC
0.5deg C
Resin set temperature

Infra red temperature probe
16th August

Gauge Linearity
Coef
-1.33535

Predictor
Constant
Slope

1.00

0.75+

Gauge Bias
Reference
Average
25

30

35

40

0.50+
Bias
0.128186
-0.165268
-0.154506
0.014504
0.286675

Bias

0.25

SE Coef
0.09690
0.041815 0.002714

T 039320

-0.50

35 40 45
Reference Value

The key to evaluating lif
is not always easy to do

Each point should be m¢
not influence the result.

The bias observed at ed
recorded value and the
may then be calculated
dashed line.

The best fit line can be d

In this example, the bia|
the reference temperaty
= 45 °C. This demonstr
values. The slope of th
however, extrapolate thi

Figure 8 - Linearity and bias

earity is to be confident that the true values at each of the measurement
pasured at least 10 times by one operator:ideally do this in random order s
Using five (5) points this would give atotal of 50 measurements.

ich of the measurement points canthen be calculated by subtracting the
h plotted on a graph (the blagk;dots in the example in Figure 8). The av
(the circled X in the exaniple). If there was no bias the average values
etermined by (the.solid line on the chart) using a software program that do
5 at referencesvalue = 35 °C is acceptable but below this the temperature
re value increases the bias also increases up to a maximum of 0.659 over

htes a |lack-of linearity and shows that full gauge R&R studies must be pe

5 lineroutside the range chosen as the error may not be consistent.

points are known, which

Generally, using an alternative proven method'to establish true values is the only way to do this.

o that the operator does

eference value from the
rage bias at each point
would all be on the zero

es this for you.
gauge under-reads. As

-read at reference value
rformed at all reference

e best fit line may be calculated so that bias levels may be predicted at other values. Do not,

8.2.6 Stability

Stability, sometimes referred to as drift, is a measure of the measurement system variation over time. This is sometimes
caused in instruments by deterioration in mechanical or electronic components, or by a change in the method used by the
operator, for example by trying to do the task more quickly.

This is best measured by using a process control (SPC) chart (see Figure 9).
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Stability check on gauge F5456
424
—————————————————————————————————————————— UCL=42.3538
42.3
Special
4221 Cause
g
= 42.14
> f( M., ]\ .
g 42.04 w \/ \/ ¥ X=42.0196
p=
5
T 41.9-
g
41.84
a7 LCL=41 685
41.6- T T T T T T T T T T
1 6 11 16 21 26 31 36 41 46
Observation

To carry out a stability g
will normally be observe
trend in the data or evid
should be investigated
measurement systems

Figure 9 - Process control chart

heck a reference sample needs to be measured repeatedly over a period
d due to the standard measurement error associated with the system but
ence of any special causes of variation (indicated.on the chart in Figure 9
and the cause identified and removed. A stability check is often used
such as CMMs. Tests the measured result~0f a known item every shift/

of time. Some variation
there should not be any
). Any sign of instability
for Artefact testing on
Hay/week to confirm the

measurement system continues in a known status between calibrations. The use of Process Contfjol Charts is explained in

greater detail in the refe

8.2.7 Measurement S
Measuring a feature wi
results. The relationsh
systems give accurate
considered as a very ac

Where a number of me
measurements is used
as a direct value (in the
the allowed tolerance.

error, the measurement

ence documents detailed in Section 2.
ystems Bias

th two (2) different measurement systems will sometimes give two (2)
p between the two (2) values is the measurement system correlation. T
answers, measurement correlation is often checked against a referen
Curate measurement: This is often known as the measurement bias.

asurements are_taken (best practice is to take ten or more), the averag
0 evaluate the bias between the measurement and the reference value.
same unitsyas measured), as a percentage of the overall process variatidg
An unaceeptable level of correlation or bias would indicate that the meas
process is flawed or there is a calibration error.

different measurement
0 ensure measurement
ce value which can be

e value of the range of
Bias is normally quoted
n or as a percentage of
urement system has an

NOTE: Bias is often ev
in 8.2.5.

8.2.8 Measurement S

1 PR PSR 1Y 1 4 PR H H H—y) £ 2l 4 4
Aluditu at UlimcTciit UitiicTisSIuTS e tic 1arygc Ut Ui TTITasSurciTict it SyStcllld,

ystem Discrimination (Number of Distinct Categories)

see section on Linearity

The number of groups within the process data that the measurement system can discern is used as a quality check of the
measurement system; if the number of categories is low, the measurement system might be poor, or the measurement

samples are clustered

compared to a relatively large tolerance zone.

If a measurement system's discrimination is

inadequate, it may not be possible to accurately measure process variation or quantify measurements for individual parts.
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Table 3 - Number of distinct categories

Number of Categories [Can Provide

1 Poor information limited to conformance versus non-conformance.
The data can be divided into two groups by the measurement system and is

2 therefore insensitive for control of a process as only high and low values can
be identified.

3 The data can be divided into 3 groups representing high values, low values
and mid values. This is of limited use for detailed process control.
Demonstrates the ability to provide good process control, as measurement

5 or more dato-carnbesphtnte-enc-of bgroupsthrengh-the-datarange

Page 20 of 45

A value below five (5) 1

hay indicate that the parts measured as part of the study are toossimilar

entire range of the procg¢ss. A low number of categories may also indicate that the measurement

and needs improving.
8.2.9 Attribute Data

Where attributes are us
the evaluation of measu

Attribute Agreement Analysis or Pass/Fail Study

This is a test of three (3
e Do assessors mak§
e Are they consistent

e If there are multiple]

criteria:

 the correct decision when evaluating a feature’s acceptability?

assessors, do they all tmake the same decision?

ed to assess feature acceptability (e.g., do people make the same decis
fed variable data is not possible. Typically there are’two methods used to

in making that decision? (j-e:f they did the evaluation again would they g

or do not represent the
system precision is poor

ons of pass/fail criteria)
hssess attribute data:

ve the same answer?)

f

lssessment Agreement Date of study: 28th August
Reported by: TD
Name of product:  Aerofoil Inspection
Misc: Final Quality Check, Factory G567
Within Appraisers Appraiser vs Standard
100 X % % 95.00% CI 100 & 95.0% CI
X ‘ E o + # Percent @ Percent
BEETEERE:
o b
RS EEREES e
| * [
| IR Fo T
= * Le i = L T ! TT
H Lok ! H |
60 - ! ! 60 I [
g Lo | 1 £ : ? ? ¢ Lo ?
4 S d IR A IR
i i | |
xoX T !
40 40—I<M$HH$
& [
EREEY
I
I
20 20+ b ¢
ABCDEFGHI ABCDEFGHI
Appraiser Appraiser

Figure 10 - Attribute agreement analysis
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Results can be expressed as the number of correct/incorrect answers and also as percentage% values. In this example
(see Figure 10) we can see that two appraisers (B and H) have a ‘within appraiser’ or consistency score of 93% but two
others only have a 67% score (E and G). Against the standard, the best result is 60% which means that 40% of the time
they give the wrong answer. It is also possible to calculate a value called Fleiss’ kappa statistic, which is a measure for
assessing the reliability of agreement between a fixed number of assessors. If kappa = 1, then there is perfect agreement.
If kappa = 0, the agreement is the same as would be expected by chance. The stronger the agreement, the higher the
value of kappa. Negative values occur when agreement is weaker than expected by chance, but this rarely happens.
Depending on the application, a kappa value less than 0.7 indicates that the measurement system needs improvement
against the target value (Table 2) of 0.8. Kappa values greater than 0.9 are considered excellent. In the example in Figure
10, the best kappa value that was achieved was 0.36 so there are major problems here that need to be addressed.

NOTE: Consult the guidance material in Section 2 for further details.

Attribute Study — Ordinal Data

The Interclass Correlatid
this task. The main issy
the ratings are averag
appropriate for a differg
perfect agreement betwi

8.3 Mitigation Strateg

Where the measurement/inspection system has failed to reach acceptablé.minimum levels (as d

measurement system nj
situations where this ma

Significant capital in
new equipment, imp

The size and tolerg
capability. This is
measuring equipme

MSA is limited by cd

The constraints on
components, a lack
8.3.1 Limitations of M

In order to judge if the

n Coefficient (ICC) compares several different scenarios and uses sumis @
e with an ICC is determining the reliability of ratings if the ratings are\fron
Pd across several people. The interpretation of ICC is equivalent for
nt situation). In this case the criteria acceptance ICC must be_higher to
Pen assessors.

es for Failed Results
ay still be judged as fit-for-purpose if the relevant purchaser technical au
y occur include:

vestment is required to achieve the minimum standard level of capability
roved environmental conditions or technology development.

nce of the feature determines that it is not possible to achieve the mir]
typically caused by very tight_tolerances or a very large component th
nt.

mponent characteristics such as a flexible part, size or weight, thermal grg

the measurement” study do not allow for a robust result.
of operators-or.a change in measurement environment, etc.

This may in

easurement

measurement system is acceptable, the details of the measurement pro

f squares to accomplish
n a single assessor or if
all basic forms (each
.75 to obtain an almost

pscribed in Table 2), the

thorities agree. Specific

such as the purchase of

imum standard level of
at will not fit on normal

wth, etc.

Clude a lack of suitable

cess, the measurement

system analysis study

datal o+ 1+ e =i ball K KL Y -0~ . K
utidio aru uic TCoUllo  aclincviou  oridall T SUUTTIiiCu tu - uic PJUrclic.

er for verification and

acceptance/rejection of the level of capability demonstrated. An example form is included in Appendix B. This can be
included at FAIR stage for purchaser approval or in line with other purchaser requirements.

NOTES:

1.

submission of any measurement limitations to the purchaser.

It is expected that the supplier will make every reasonable effort to prove the measurement system capability before

The supplier can use historical measurement capability results to demonstrate that a purchaser’s specification cannot

be achieved and negotiate an improved tolerance, or increased acceptance limits from Table 2. This will be on a
feature-by-feature basis.


https://saenorm.com/api/?name=a95b55718bca5ec36432071805e91546

SAE INTERNATIONAL AS13003 Page 22 of 45

8.3.2  Mitigation for Poor Measurement

To mitigate the effects of poor repeatability it is possible to take a specific measurement a number of times and then
calculate the mean in order to estimate the true value. In this example (see Figure 11), 20 measurements have been taken
of a single feature.

Dim A
Mean Average = 1.91
5 H
/ \\\
4+ // .
v N
4 \
/ Ay
7/
; A
P A
P / p
+ 2 / \\\
rd b
s “
s \
4 \
1- e <>\ S
-~ N\
0 T T T T T \\\ T T =
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3

Figure 11 - Histogram of repeatymeasurement results

The 20 measurements fange from 1.6 to 2.3, with a mean-average of 1.91. Any measured valye between 1.6 and 2.3
could be achieved from a single measurement, but statistically the true measured value for the feature is likely to be
around the average reading and this could then be“used to sentence the component. The mumber of times that a
measurement needs to|be taken in order to have-confidence in the average value depends on|the amount of variation
present and the required accuracy — see the guidanee referenced in Section 2 for more details.

system has produced djfferent or variable measurement results. This can be operator, cell, insfrument, or time related.
Where an operator related issue is suspected, improved training or dedicated instructions can be|implemented to remove
the variation. It is impoftant that th€/ source of variation and the reproducibility study results can e used to track the root
cause.

Where poor measureant reproducibility is"seéen in a measurement study, it is likely that an element of the measurement

NOTE: Acceptances off measurement system mitigations such as averaging shall be documented and approved by the
purchaser prior fo-measurement system use.

8.3.3 Fixtures and Flexible Components

Where fixtures are used to secure flexible components for measurement, the fixtures must be part of the measurement
capability study. If there are multiple fixtures, variation in the fixtures may cause measurement variation and it is expected
that this will be evaluated as part of the study.

Where fixtures affect the form or size of the component for measurement, it is expected that the fixtures will be under
calibration control. This will ensure that any wear, damage or movement of the fixtures is maintained within acceptable
limits.

If the component features are flexible, the measurement result will have variation due to both measurement process and
part movement. It is important to recognize both sources of measurement variation and ensure the component is correctly
sentenced. For the purpose of measurement with fixtures, trials can be limited to study repeatability and then establish
measurement system bias.
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As a simple test, measure the component at least three (3) times with the minimum of part movement or variation in the
process to establish a base line measurement repeatability figure (the range of measured results between the lowest
measured result and the highest measured result).

Remove the component from the fixture and measurement system and reset the component to mimic a new component
set-up. Re-measure the component and repeat the process a further three (3) times minimum.

repeatability.

but will also include

NOTE: This is not a g
Repeatability an
components an

Where fixtures are use
component characteristi
of different measuring s

In all cases, componen
measurement limitations
8.4 Environmental Fa

The environment in whi
variation due to environr

Thermal expansion

Thermal expansion

Assessment of cold

Dust and dirt or oil

Expansion of the part due to humidity

the measurement repeatability.

Studying all the runs together will estimate the reproducibility of the full measurement process.

The first group of runs, where the component was not removed from the fixture will estimate the measurement system

The second group of runs where the part was reset in the fixture will estimate the repeatability through part movement

tatistical solution and is only used to indicate the source of measure
d Reproducibility and bias studies are recommended to prove measureme
| fixtures.
d, the fixture may induce a measurement bias. Experiments shall be ¢
cs are not unduly effected. This may include the measurement of the con
stems, both on and off the fixture to establish the range of measurement ¢

constraint must follow the purchasers’ requirements or be documented
process.

Ctors

h a measurement system is used will impact measurement capability. Ex
hental factors include:

of the component

of the measurement system

r or surface finish in varying light conditions (florescent lighting, tungsten li

contamination of measurement equipment or component surface

Air movement and

ment variation. Gauge
nt capability with flexible

onducted to ensure the
hponent using a number
btained.

and agreed through the

hmples of measurement

jhting, day light, etc.)

HuSt contamination when taking measurements with lasers

While the MSA study will detect some of the variation due to environmental conditions, the study will not take place over a
long enough time period to fully account for all environmental impacts. In order to accurately determine environmental

effects, the following ste

ps are recommended:
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Identify Environmental factors that will influence the measurement

7

Estimate or conduct studies to understand the range of each environmental factor

A4

Plan the MSA studies to include as much of the environmental variation as possible

A4

Assess if the range of environmental factors which were outside the range seen in the study will affect the measurement capability

1. The environmental (
2. Each environmental
machine shop over
measurement is corj
3. Including environmg
4. The effects on the n

measurement had

measurement is ta
compromised by th¢
Machine shop yearl
effect on the measuy
of the component/
limitations process.

In all cases, MSA acce
environmental variation
8.5 Use of Read Acro

MSA studies are usually
it may be appropriate to

Figure 12 - Assessment of environmental impacts
onditions that will affect the measurement process shall be identified.
condition needs to be assessed and/or measured. For‘example, a t¢

p full year to understand the temperature variation that-is\seen in winter o
ducted.

neasurement result shall be calculated and“assessed. For example: an M

ken varies between 16 °C and 26 %€’ over the full year. The MSA s
increased range of temperature seen over the full year. (MSA study temp
temperature variation = 10 °C). s expected that variations of this natu

rement process will be taken dnto account. This may be through the estin

pquipment or the declaration on the deviation in the measurement s

ptance limits set within this standard must not be exceeded when the ¢
bre added to the measurement capability achieved in the MSA study.

5s Results-inlMSA

read across measurement capability results in place of conducting a new

mperature study of the
summer periods where

ntal variation in the MSA study will ensure furthéf’compensation is not reqyired

bA study on dimensional

h temperature variation of between 18-to* 22 °C, however, the temperafure variation where the

tudy results have been
erature variation = 4 °C:
e that have a significant
nation of thermal growth
tudy documentation or

alculated effects due to

conducted on a specific feature, component and measurement system. |n certain circumstances

study. This may only be

done when the measur

pment system characteristics are judged to be a suitable equivalent. The

decision to read across

capability shall be confirmed by assessment of study characteristics from the donor study to the system under test, taking
into account feature criticality.

Acceptance of read across must be documented and approved by the purchaser authorities through the inspection
limitations process. Examples of study characteristics and acceptance criteria are indicated in the table below:
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Table 4 - Applicability for MSA read across

Critical Major Minor
Characteristic of Control and Definitions Features Features Features
Type of equipment .
Is the same type of measurement equipment Equipment must be identical Equipment must

not induce

> iy :
used? (Digital, Vernier scale, gauge additional error

construction, etc.)

Measurement resolution
Is the minimum scale available to read on the Must be the same or better
measurement device the same?

Must be the
same or better

Feature tolerance

Is the bandwidth between the upper and Recalculate MSA on new tolerance
lower featurefacceptarnce timits thesame?
Feature Typege
Is the manufacturing process or shape of the . _— Similar
. ; . Identical process and characteristi¢ -
part the same (circular, prismatic, free form, characteristic
etc.?)
Feature form, surface finish, flexibility )
- Similar surface
Does the feafure have the same Same surface finish; - S Feature
: o finish, Similar fprm, .

manufacturing characteristics? (Part form and feature flexibility must

- N o the same or better o
flexibility, robpstness, surface finish, surface | flexibility S be similar

flexibility

lay, etc.)
Measurement environment Environment
Are the envirpbnmental effects around the Must have the same monitoring indicates n/a
measurement system that may change the envifonment control low risk to
size of the gduge or component the same? measurement
Operator competence
Does the Opé¢rator influence the measured Must use operators with similar competence

result?

Feature accgssibility
Can the meaburement be easily{aken or is Donor and target will have the same adcess | n/a
access to mdgasurement difficult?

9. AUDIT CHECKLIST| FOR MSA

See Appendix A.

10. MSA CASE STUDIES

10.1 Case Study - Resolution

The drawing requirement for a compressor case diameter is 10.312 inches + 0.002 inches. This is a critical characteristic.
What is the required gauge resolution for the measurement equipment?

The measuring equipment must be able to discriminate to at least one tenth of the total tolerance being measured, per
Table 2.

In this case, for the total part tolerance range of 0.004, to meet the 10: 1 resolution requirement, 0.004/10 = 0.0004. The
gauge must be able to measure with a resolution of 0.0004.

Trailing zeros when calculating limit dimensions from plus or minus dimensions may be disregarded provided all other
requirements of this instruction are met. Example 0.0425 + 0.0075, may be treated as 0.035 - 0.050 (3 place decimal)
versus 0.0350 - 0.0500 (4 place decimal).
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10.2 Case Study — Accuracy Ratio

The drawing requirement for a combustion case diameter is 16.714 inches + 0.002 inches. This is a critical characteristic.
What is the total measurement equipment accuracy required to maintain proper accuracy ratio?

The required accuracy ratio may be obtained by taking the total tolerance spread of the characteristic to be measured and
dividing by ten (10), per Table 2. This will provide the largest acceptable total gauge accuracy permitted for that particular
dimension.

In this case 0.004/10 = 0.0004. To maintain the 10:1 accuracy ratio, the total calibration tolerance spread of the

Measurement Equipment must be 0.0004 inches or less.

10.3 Case Study — Rep

As part of the validation
dimensional features:

A coordinate measuring
surface to gather many
the purchaser methodg
loaded in a fixture to lo
iterative calculations are
to be taken on the daty
ensure the correct surfa

For this study, a sample

on maximum metal condlition, a part on minimum metal condition and a part around mid-limit), eac|

times by the same oper
from other factors is no
the three runs by part af
variability.

In this example, only f{
geometrical definition:

eatability

machine (CMM) equipped with a 5-axis scanning head (continuous-probe
data points) was used. The CMM was programmed in line with.the part de
ogy that defines the method of programming and the datum-points to
Cate the part for inspection. The datum system is made diréctly on the L
required to generate a repeatable and accurate CMM_ datum system (CMN
m points specified on the drawing, so the datum is_measured and recal
Ce location is measured). The fixture is therefore not a factor in the measu

of three (3) parts were selected that representithe expected range of the
htor on the same fixture. Note: The changes in measurement setup are lir

| introduced between runs. The rangesmethod was used for calculation b
d analyzing the worst case of the three (3) parts to provide a quick approx

wo geometrical dimensionstare studied but the same process would

nducted to validate two

movement over the part
finition and according to
use. The component is
lade surface so several
I measured points need
culated several times to
ement system.

process variation (a part
h part was measured 10
hited to ensure variation
ased on the variation of
mation of measurement

be used for the entire
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Dimension | Dimension Dimension | Dimension Dimension | Dimension
Part n°1 n°1l n“2 Part n°2 n“1 n°2 Part n°3 n°1 n°2
17.2 +0.025 | 58.15+0.02 17.2 #0.025 | 58.15+0.02 17.2 #0.025 | 58.15+0.02
Runl 17,221 58,166 Runl 17,222 58,166 Runl 17,229 58,156
Run2 17,228 58,165 Run2 17,228 58,168 Run2 17,228 58,154
Run3 17,223 58,168 Run3 17,230 58.168 Run3 17,232 58,158
Rund 17,225 58,167 Rund 17,223 58.167 Rund 17,230 58,158
Run5 +7-29F S8+68 RomS +7-394 SE-t66 o 7,231 58,157
Run6 17,224 58,165 Run6 17,225 58.168 Runb 17,229 58,156
Run? 17,222 58,166 Run7 17,226 58.167 Run7 17,228 58,154
Rung 17,223 58,167 Run8 17,223 586 Run8 17,232 58,158
Run9 17,223 58,168 Run9 17,222 58.168 Run9 17,230 58,157
Runl0 17,226 58,166 Runl0 194228 58.166 Runl0 17,228 58,157
Max Range| 0,007 0,003 Max Range 0,008 0,002 Max Range 0,004 0,004
IT 0,050 0,040 IT 0,05 0,04 IT 0,05 0,04

CALCULATION RANGH METHOD:

( Max Range )

R tability =100
U4 Repeata y T

The calculation is condycted on all thezgeometrical dimensions for all the runs and this can be eapily completed in spread
sheet software package

RESULTS:
i‘r;n!nr\inn Dimension Dimension | Dimension Dimention | Dimension
Part n°1 n°l n°2 Partn®2 n°1 n°2 Partn®3 n°1 n°2
17.2+£0.025 | 58.15+0.02 17.2 #0.025 | 58.15+0.02 17.2 #0.025 | 58.15+0.02
% Repeatability 14% 8% % Repeatability 16% 5% % Repeatability 8% 10%

ANALYSIS OF RESULTS:

The maximum repeatability observed across all parts is used to assess if the repeatability is acceptable by comparison
with the minimum acceptance criteria set out in Table 2 of this standard. The result for this case study can be presented
using the table below:
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faximu Minimum
Repe::abiliw Requirements CEEIEED
Dimelﬂsiun . <30%
112”1;.025 1e% Feature Minor OK
D|m::125|on . <20% OK

58.15£0.02 Feature Major

It is observed that the repeatability for dimension N°1 part 2 gives the maximum value of 16% of the total tolerance. As this
is below the minimum standard established for “Minor” feature category (Repeatability <30% from Table 2), the

repeatability of measure

ment for this dimension is deemed compliant.

It is observed that the repeatability for dimension N°2 part 3 gives the maximum value of 10% of the total tolerance. As this

is below the minimu

standard estabhlished for “I\/I::jnr” feature r\::fngnr\]/ (annafnhility <2

% from Table 2), the

repeatability of measure

The measurement systg
maintained internally an

If several operators or f
required to establish if
accuracy so further tests

10.4 Case Study — Gay
An aero engine supplier|
on one of the parts. Tq

conducted.

The critical feature is 4
inspection device is a di

ment for this dimension is deemed compliant.

m and measurement program has acceptable levels of repeatability)So th
i archived properly.

xtures for positioning are introduced, a further gauge repeatability and rey
hey affect the measurement system. This simple test*has not tested th
may be advised.

ge R&R

is manufacturing machined structures. An‘inspection device is used to de

n outer diameter with specification’ limits 838.60 - 838.80 mm (total tol
bl gauge comparator together with a master gauge.

The manufacturing engineer started planning-the MSA study by considering potential sour

measurement system a
and evaluating if any en

The gauge resolution g
system includes severa
using a number of statis

Ten parts were selected

nd developing the test.procedures, making sure the test followed the defin
ironmental factors(affect the measurement system.

nd the accuracy ratio are determined to meet the acceptance criteria.
operators,.the engineer decides to perform a Gauge R&R study. Gauge|
lical software packages but can also be calculated manually.

thatrepresent the expected range of the process variation. Three (3) ope

parts, three (3) times pe

e study records shall be

roducibility study will be
e measurement system

termine a critical feature

evaluate the measurement system and-determine if it is fit for its intepded purpose a MSA is

brance = 0.2 mm). The

ces of variation in the
pd measuring procedure

Since the measurement
R&R can be generated

rators measured the ten

[ part, in a random order without seeing each other’s readings.
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Data:

The mean average dian

minimum).

Overall averages

Calculating all the varig

method:

Operator A

Operator B

Operator C

Part | Trial 1

Trial 2

Trial 3| Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

838.79

838.77

838.80| 838.78

838.77

838.

79| 838.78

&838.80

838.79

838.69

838.68

838.70| 838.69

838.70

838,

72| B38.72

838.69

838.73

538.72

838.69

838.71| 838.70

838.71

838.

73| 838.72

838.74

838.71

838.75

838.74

838.73| 838.73

838.75

8338,

73| 838.76

838.76

838.72

838.73

838.72

838.70| 838.71

838.73

838,

72| B38.73

838.73

838.75

B838.77

838.79

838.79| 838.77

838.79

833,

77| 838.78

838.79

838.78

838.67

838.68

838.69| 838.70

838.69

838,

b6| 838.68

838.67

838.70

538.60

838.61

838.62| 838.61

&38.64

838.

60| 838.62

&38.60

334.

b2

WO jCa|| = | |l | P L | k|

838.63

838.65

838.66| 838.66

838.63

838,

b5| 238.66

838.65

234,

64

=
[ ]

B838.78

838.78

838.77| 838.77

838.78

838.

73| 838.77

838,73

834,

76

Operator A

Part | Mlean Average

Range

838.787

0.030

838.690

0.020

B838.707

0.030

B838.740

0.020

B838.717

0.030

B838.783

0.020

B838.680

0.020

838.610

0.020

W loo |~ | [ [f jwa|pa [

838.647

0.020

10 838.777

0.010

838.7137

0.0230

Gauge R&R for Diameter:

Operator B

Part |Mean Average

Range

838.780

0.020

838.703

02030

838.713

0.030

838.737

0.020

838,720

0.020

§38.777

0.020

838.683

0.040

838.617

0.040

W00 |~ | |Ln | P | | pa | =

838.647

0.030

10 838.767

0.030

Overalhaverages

838.7143

0.0280

neter for each part/operator combination was then calculated*together wit

Operator C

Part

Mean Average

Range

838.790

0.020

838.713

0.040

838.723

0.030

838.747

0.040

838.737

0.020

838.783

0.010

838.683

0.030

838.613

0.020

WO oo |~ [on[Ln | B jw [m |

838.650

0.020

10

838.760

0.020

Overall averages

838.7200

.0250

nce components-from the above data gave us the following results, us

% Contribution
Source Variance Component | (of Variance Component)
Total gauge R&R 0.0002274 7.20
Repeatability 0.0002239 7.08
Reproducibility 0.0000035 0.11
Part-to-part 0.0029331 92.80
Total variation 0.0031605 100.00

Standard Deviation | Study Variation | % Study % Tolerance
Source (SD) (6 * SD) Variation | (SV/Tolerance)
Total gauge R&R 0.0150811 0.090487 26.83 45.24
Repeatability 0.0149636 0.089781 26.62 44.89
Reproducibility 0.0018792 0.011275 3.34 5.64
Part-to-part 0.0541579 0.324948 96.33 162.47
Total variation 0.0562185 0.337311 100.00 168.66

h the range (maximum -

ing the simpler Xbar R
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Number of distinct categories =5

This showed that the total gauge R&R value when calculated as a percent of the tolerance was 45.24%, more than the
permitted value of 10% maximum allowed for critical features, so the measurement system was rejected as being not
suitable to determine the diameter of the structure.

Recalculating the results using the recommended ANOVA method gave the following results:

Two-way ANOVA Table without Interaction:

Degrees of Sum of
Source Freedom Squares Mean Squares F statistic p-value
Part 9 0.260893 0.0289881 164.562 0.000
Operator 2 0.000727 0.0003633 2.063 0.134
Repeatability (o 0.015/40 0.0001/762
Total 89 0.275360

Gauge R&R for Diameter:

% Contribution
Source Valiance Component | (of Variance Component)

Total gauge R&R 0.0001824 5.39
Repeatability 0.0001762 5.21
Reproducibility 0.0000062 0.18
Operator 0.0000062 0.18
Part-to-part 0.0032013 94.61
Total variation 0.0033837 100.00

Standard Deviation | Study Variation | % Study % Tolerance
Source (SD) (6 * SD) Variation | (SV/Tolerance)

Total gauge R&R 0.0135053 0.081032 23.22 40.52
Repeatability 0.0132723 0.079634 22.82 39.82
Reproducibility 0.0024979 0:014987 4.29 7.49
Operator 0.0024979 0.014987 4.29 7.49
Part-to-part 0.0565803 0.339482 97.27 169.74
Total variation 0.0581698 0.349019 100.00 174.51

In this example the Ga

than the permitted maximu

NOTE: The calculations

m of<10%.

ge R&R %) Tolerance figure was 40.52%, slightly lower than the Xbar R

used to determine these results are available in the AIAG guide ‘Measut

method but still greater

ement System Analysis’

referenced in Secti

on Z.

10.5 Case Study — Gauge R&R for Co-ordinate Measurement Machine

See also CMM program verification case study in 10.1.

Co-ordinate measuring systems can come in a number of configurations and should be considered as a system of
measuring co-ordinate data from a datum point. This might include tactile systems such as coordinate measuring machine
touch trigger probing, or structured light measurement vision systems that gather images of the component and then
establish the coordinate system within software. In all cases it is important to understand the measurement process used
and establish the tests required to ensure the system results are capable for the measurements being conducted. Typically
coordinate measuring systems will use the following steps to establish a measurement:
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Establish the reference or datum systems for the component

Measure the component features required from the datum points

System qualification — Establish a measurement reference system by qualification of styli tips, axes or vision areas.

Determine a measurement value through the calculation of features based on the coordinate data. This may be based

on the fitting of mathematically perfect features to the measured data, or by comparison of the data against a known

standard such as so

lid model.

Report the measured results.

NOTE: More information on coordinate measurement system causes of variation are listed in 10.10 of this report.

While coordinate meas
environment, calibration
capability. In all instanceg

1. Measurement repedtability (the measurement system itself)

2. Measurement repro

3. Measurement accu

Design of Experimentg:

Design of Experiments
R&R method. The pring
single measured result
combinations of the inpy

A Gauge R&R study is 3
the measurement syste
sound experimental des|

If a measurement syste
the measured data is 3
whilst keeping everythin
repeatability. Any obse
influence factors have b

be seen in the measureinent pfocess.

Jring SYSIEITIS dre gerierally trougrt O das aCCurale alnd repedlapie, e

pucibility (includes all the variables of measuring the part)

acy or bias (required to check the CMM program is correct)

. program, drawing interpretation, system qualification fixturing, etc., can
s it is important to establish:

DoE) is a subject in its own right but the, basic idea is simple and lies at
ple is that the measurement system willbe affected by a number of prog

ts.

n experiment designed to understand the variation in the output of the me
M is subject to external seurces of variation. The key to a good Gauge F

gn.

M is used to repeat the same measurement several times whilst nothing is
ttributable to variation inherent in the measuring equipment itself. Repe
g constant should, in theory, give an answer which is equal to the CMM &
rved variation can only be due to the measurement equipment itself be
een held-constant. Likewise, reproducibility tests should be designed to in

nfluence of the system,
influence measurement

the heart of the Gauge
ess inputs to produce a

as a system output. The purpose of'DoE is to understand how the output varies with different

hsurement system when
R&R study on a CMM s

altered, any variation in
ating the measurement
iccuracy and pure CMM
cause all other possible
clude variations that will

Sources of Variation:

Operator influence tends to dominate hand held gauging and so variation between operators is usually the only
reproducibility factor tested for in a conventional gauge study. Conversely, a co-ordinate measuring system executing a
part program will not necessarily be influenced by the person who presses the buttons, but will be influenced by other

factors.

However, as a co-ordinate measuring system operates at a much higher level of precision than hand held

gauges, there will be many other sources of variation which will have an effect and will therefore have to be accounted for
in the design of the Gauge R&R study. Possible sources of variation affecting coordinate measuring systems include:
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e Variation in ambient

temperature (measurement system growth)

e Variation in component temperature (part growth)

e Choice of probing stylus (long styli increase errors)

e Condition of the stylus (degree of wear, damage, or cleanliness)

e Location of the component in the machine measurement volume

e Variation in the location of the part in any fixturing used on the measurement table. Variation may induce the probe

stylus to hit the part

¢ CMM to CMM varia

before the measurement sphere

ion if two or more machines are used in parallel on the same part

e Variation between

bart programs (scanning, touch trigger, number of points, positiop.of |

component, mathenpatics, component drawing interpretation, etc.)

e Variation in surface
e Variation in fixture s

e Operator influence
gualification results

e Condition and clean

Sound CMM stewardsh
them insignificant. Nev
influence the measurem

The Design of the Stud

Gauge R&R studies shg
obtain a set of compon
The second step is to dd

Suppose the chosen f
temperature variation nj
actual temperature rea

finish or part size may cause the measurement to be taken at addifferent p
ze

through variation in set up, probe qualificationy datuming practice o

iness of machine, component, etc.
p may standardize many of the above~and minimize some of the sources

brtheless, it is likely that in most-situations there will be some reprod
ent.

y:
bnts that represent\around 80% or more of the range of output from the
cide what repreducibility factors need to be tested for.

hctors are~variation in ambient temperature and machine to machine
ight conveniently be characterized as ‘morning’ or ‘afternoon’ (i.e., two |

depending on whether
machine to machine in

mperature is a ‘fixed factor’ (i.e., two levels) or a ‘random factor’ (actual

oints measured on the

bint on the component

assessment of probe

of variation to rendered
Licibility factors that will

uld consider every combination of influencing factors that can be anticipated. The start point is to

manufacturing process.

variation. The ambient
evels) or it might be an

Hing taken in the measurement area. Care is needed here because the analysis is different

values recorded). The

design will resemble something like that depicted in the table below.

Component

Machine A Machine B

Part 1

M/c A, am, run 1

M/c A, pm, run 1

M/c B, am, run 1

M/c B, pm, run 1

Part 2

M/c A, am, run 1

M/c A, pm, run 1

M/c B, am, run 1

M/c B, pm, run 1

Part 3

M/c A, am, run 1

M/c A, pm, run 1

M/c B, am, run 1

M/c B, pm, run 1

Part 1

M/c A, am, run 2

M/c A, pm, run 2

M/c B, am, run 2

M/c B, pm, run 2

Part 2

M/c A, am, run 2

M/c A, pm, run 2

M/c B, am, run 2

M/c B, pm, run 2

Part 3

M/c A, am, run 2

M/c A, pm, run 2

M/c B, am, run 2

M/c B, pm, run 2

e B’. The experimental
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The above table is a full factorial experimental design in which the variables are:
1. Run to run variation on the same machine,
2. Variation between machines

3. \Variation between the time of day — taken as a surrogate for ambient temperature.

This data set is best analyzed using the ANOVA method. The overall variation is the total Gauge R&R. The ‘run to run’

contribution to the variation is the repeatability; the sum of the other contributions is the reproducibi

lity.

This is an example of how variation in process inputs can be analyzed. It should be noted that each CMM run will inspect
multiple features, and therefore the repeatability, reproducibility and Gauge R&R values will be calculated for every feature.

Conclusions:

A successful Gauge R&
of variation. An experin
relative contributions of
of the process. If a go
from future studies. W
influence and should be

R study on a co-ordinate measurement system requires some initiahinsig
nent must then be designed to test for the chosen sources of variation.
the sources of variation will provide a good starting point and carbe made

nere very tight component tolerances are being measured,-more causes
included in the study.

10.6 Case Study — Attrjbute

SITUATION: An assembly shop had a high number of escapes due/tglockwire issues. No matter
conducted, escapes cgntinued to be a problem. The engineer, tesponsible for the product d
evaluation to see if the pperators installing the lockwire, and thesinspectors inspecting the work we
difference between acc¢ptable and unacceptable. Twenty samples were collected, ten acceptabl
The engineer suspectdd that the problem was not withythe obvious conditions but with tho
acceptance criteria. So within each group they selected samples where one was an obvious exal
the remaining nine werg just on the edge of the acceptance criteria. The engineer selected two op
lockwire and two inspecjors who final inspected thé parts as evaluators for the study.

In order to maintain an| independent evaluation, each evaluator was only allowed to view one
balance of the samples|was out of view. Each evaluator performed their evaluation out of sight fr

ht into the likely sources
An understanding of the
generic through control

bd level of control is implemented, many causes of variation will be limit¢d and can be excluded

of variation will have an

how much training they
ecided to run a Kappa
re able to recognize the
b and ten unacceptable.
se on the edge of the
mple of that group while
brators who installed the

bart at a time while the
om the other evaluators

and the engineer perfdrming the evaluation randomized the order of sample presentation. After each evaluator had

inspected every sample| twice the engineer analyzed the results. First they analyzed the agreeme
to themselves and then they analyzed the agreement between evaluators using the first inspection
expected the obvious samples:were evaluated correctly every time. The differences were
acceptable or unacceptgble.

nt within each evaluator
from each evaluator. As
bn the parts marginally
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Base line Actual run for Evaluator A (randomized) Evaluator A Evaluator B Evaluator C
Sample = Truth Evaluator Sample Insp.1  Insp.2 Sorted Insp.1  Insp.2 Sorted Insp.1  Insp.2 Sorted Insp 1 Insp. 2
1 , Good A 20 , Bad Bad 1 , Good Good 1 ,Good Good 1, Good Good
2 , Good A 3 , Good Good 2 , Good Good 2 ,Bad Good 2 , Good Bad
3 , Good A 4 Good Good 3 , Good Good 3 ,Good Good 3 , Good Good
4 , Good A 6 , Good Good 4 , Good Bad 4 ,Good Bad 4 ., Good Good
5 , Good A 18 , Bad Bad 5 , Bad Bad 5 ,Good Good 5 , Bad Bad
6 , Good A 9 , Good Good 6 , Good Good 6 ,Bad Good 6 , Good Good
7 . Good A 12, Bad Good 7 . Good Good 7  ,Good Good 7 . Good Good
8 , Good A 14 , Bad Bad 8 , Bad Good 8 ,Good Bad 8 , Good Bad
9 , Good A 15 , Bad Bad 9 , Good Good 9 ,Good Good 9 , Good Good
10 , Good A 4 , Good Bad 10 , Good Bad 10 ,Good Good 10 , Bad Good
1 , Bad A 1 , Bad Bad 1 , Bad Bad 11 ,Bad Bad 1 , Bad Bad
12, Bad A 7 , Good Good 12, Bad Good 12, Good Bad 12, Bad Bad
13 , Bad A 17 , Good Bad 13, Good Good 13 ,Bad Bad 13, Good Good
14 , Bad A 13 , Good Good 14 , Bad Bad 14 ,Bad Good 14 , Bad Bad
15 , Bad A 10 , Good Bad 15 , Bad Bad 15 ,Good Bad 15 , Bad Bad
16 , Bad A 16 , Bad Bad 16 , Bad Bad 16 ,Bad Bad 16 , Bad Bad
17 , Bad A 8 , Bad Good 17 , Good Bad 17 ,Bad Good 17 , Good Good
18 , Bad A 5 , Bad Bad 18 , Bad Bad 18 ,Bad Bad 18 , Bad Bad
19 , B A T MY Good 9 &ad Good 19— Good Bad - d Bad
20 , By A 2 , Good Good 20 , Bad Bad 20 ,Bad Bad 20 £ Had Bad
Evaluator A Kappa Score
Insp. 1 P (o) 0.700 EvaluatorAlnsp. 1toBlnsp.1  EvaluatorAlnsp.1toClnsp.1  EvaluatorBlnsp. 1to Clnsp. 1 Cinsp. 1vs Truth
20 ,Good Bad P (c) 0.500  Sorted Insp.1 Insp.2 Sorted  Insp.1 Insp,2 Sorted  Insp.1 Insp.2 Sorted  Insp.1  Truth
Insp. 2 Good 0.500 K= 0.400 1 , Good Good 1 , Good  Good 1 ,Good Good 1 , Good  Good
Bad 0.500 2, Good Bad 2, Good ~Good 2 ,Bad Good 2, Good  Good
0o 3, Good Good 3, Good ' Good 3 ,Good Good 3 , Good  Good
Evaluator B Kappa Score 4 , Good Good 4 , Good“ Good 4 Good Good 4 , Good  Good
Insp. 1 P (0) 0.550 5 , Bad Good 5 ,\.Bad Bad 5 ,Good Bad 5 , Bad Good
20 ,Good Bad P (c) 0.500 6 , Good Bad 6(/3 Good  Good 6 ,Bad Good 6 , Good  Good
\ God | 6 4| os00 K= 0.100 7 , Good Good 7%, Good  Good 7 ,Good  Good 7 , Good  Good
nsp. 2 4 4 4 4
Bad 0.500 8 , Bad Good 8 , Bad  Good 8 ,Good Good 8 , Good  Good
0.550 0.450 9 , Good Googd 9 , Good  Good 9 ,Good Good 9 , Good  Good
Evaluator C Kappa Score
Insp. 1 P (o) 0.850 10 , Good., Good 10 , Good Bad 10 ,Good Bad 10 , Bad  Good
20 . Good Bad P(c) 0.500 11, Bad~ Bad 11, Bad Bad 11 ,Bad Bad 11, Bad Bad
Insp. 2 Good [ 8 1| oas0 K= 0.700 12 “y~Bad  Good 12 , Bad Bad 12 ,Good Bad 12, Bad Bad
"“ Bad [ 2 9| oss0 13\.) Good Bad 13 , Good  Good 13 ,Bad Good 13 , Good  Bad
0.500  0.500 44 , Bad Bad 14 , Bad Bad 14 ,Bad Bad 14 , Bad Bad
15 , Bad Good 15 , Bad Bad 15 ,Good Bad 15 , Bad Bad
16 , Bad Bad 16 , Bad Bad 16 ,Bad Bad 16 , Bad Bad
17, Good Bad 17 , Good  Good 17 ,Bad Good 17, Good Bad
18 , Bad Bad 18 , Bad Bad 18 ,Bad Bad 18 , Bad Bad
19 , Bad Good 19 , Bad Bad 19 ,Good Bad 19 , Bad Bad
20 , Bad Bad 20 , Bad Bad 20 ,Bad Bad 20 , Bad Bad
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Evaluator A Insp. 1to BlInsp. 1

Kappa Score

Kappa Formula

Math Explained 20 pc. Sample

20 ,Good '”SPB»ald : E:)) g:(s)g K= P observed - P chance Convert observed values into decimal
insp. 2 99 0.550 K= 0.100 1-P chance point percent*
Bad 0.450 2 2
0.500 0.500 How to fill out the contengency table 1 8
Both agree Good First says Bad Becomes
Evaluator A Insp. 1to C Insp. 1 Kappa Score second says Good 0.450 0.100
Insp. 1 P (o) 0.900 First says Good Both agree Bad 0.050 0.400
20 Good Bad P(c) 0.500 second says Bad g Then total columns and rows
Insp. 2 60 0.500 K= 0.800 0450 | 0.100 0.550
Bad [ 1] 9 0500 0.050 | 0.400 0.450
0.500 0.500 0.500 0.500
P observed is the sum of agreement
Evaluator B Insp. 1to C Insp. 1 Kappa Score
Insp. 1 P (o) 0.550 P observed =.450 +.400 = .850
20 ,Good Bad P(c) 0.500 P chance is the probibility of each
Insp. 2 Good 6] 4] 0.500 K= 0.100 classification mulitplied and then
Bad | T s 5 os0 L ummed
0.550  0.450 oibo 0.550
: 0.00 0.450
C first mefsure vs Truth Kappa Score 0.5ho 0.500
Insp. 1 P (o) 0.800
20 Godd Bad P () 0.500 P ¢hance = (.50P x .550) +(.500 x .450) =
Insp. 2 6000 E sf 2] o0s00 K= 0.600 =500 .
Bad n 0.500 Kappa fpr this example is

0.500 0.500

The comparison betweg
within themselves it is €
closest to an acceptab
responses indicated the

The engineer decided td
Results:

From the results of thg
conforming product wa
between acceptable an
this reference board ar
allowing the evaluators
scores were acceptable

n Evaluator A and C appear to show a;capable system however, based
asy to discount this level of agreement.was by chance not actual agreemé
le Kappa score when measuredcwithin them. However, the engineer
acceptance of bad product as .good for both evaluations.

K=.700 P

o) - P (c) {.850 - .500}

*You can sum
first then conve
sg

1- P (c) {1- .500}

the columns and rows
It to decimal and get the
me results

on Evaluator A’s results

compare evaluator C against the truth. The results showed a poor Kappa [score of K= 6.

Kappa analysis ;the engineer recognized that the training provided wag not enough to ensure
5 built and shipped. They developed a reference board that demonstrat
| unacceptable of various possible conditions. All of the operators and i
d re-trained using the reference board in the training. The engineer re;
0 usédthe reference boards. With the retraining and use of the reference
withva few showing perfect agreement (score 1.0).

Even after the engineer had implemented the improved process they continued to have escapes until they provided their

purchaser a reference board and training. It turned out that the purchaser’s inspectors also required calibration.

Key Learning Point:

ent. Evaluator C was the
noticed that two of the

bd the subtle difference
spectors were provided
ran the Kappa analysis
boards all of the Kappa

Training is not always enough to drive consistency in subjective measurement systems. Just because an evaluator is
consistent does not mean their analysis is correct. The evaluator must utilize all the information collected to make the right

decisions on how to move forward.
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10.7 Case Study — Linearity

A casting supplier is asked to perform a MSA and Linearity/Bias study for all inspection equipment that will be used on a
new turbine blade they are developing. One of the pieces of equipment is a transducer gauge which inspects 80% of the
required features. The MSA study shows the gauge results well within the acceptance criteria for all features inspected,
however, the Linearity/Bias study shows a Linearity problem on the feature where the gauge touches the air foil.

A review of the gauge showed the angle at which the transducer touches the part is based upon a nominal blade. A review
of the blades used showed varying material condition and geometry on the datum locators and the inspection point. A
review of the process capability over 3 production lots showed the feature nominally shifted. The gauge R&R results
indicated the process variation was 0.0031.

Blade Actual value  Insp
1 ] 0.0102 0.0067 Gage Linearity and Bias Study for Insp
Reported by: Mik
1 F 0.0102 0.0067 TGage name: TBUG transaucer gauge |;I%: d .Ulu4e
1 0.0102 0.0066| Date of study: Misc: Linearity Study
1 ) 0.0102 0.0067 Gagdlinkarit
Predict Coef  4E Coef P
1 1 0.0102 0.0067 ocot I croenslta?q; —0.01969:4 0. 00810752 0.000
1 ) 0.0102  0.0067 ® oua Slope 162224 .06783 0.000
W Avg Bias
s 0.0006122 R-S 92.3%
1 1 ggig; ggggj Linedrity 00050289 9% Liearity @
. . 0.002
1 0.0102 0.0067 Cegpbs
g Reference Bias % P
1 ) 0.0102  0.0067 Average  -0.00026 @po.ooo
a 0.0102 -0.00352 I 0.000
2 4 0.0111 0.0090| g oo 0 0.0111 -0.00174 56J1 0.000
2 0.0111 0.0090 0.012 -0.00002  0f6 0.081
1 0.0127 0.00185  59J7 0.000
2 ) 0.0111  0.0099 00139 0.00213  68f7 0.000
2 0.0111 0.0099 -0.002
2 : 0.0111 0.0090 - Percent of Procgss Variation
2 ) 0.0111 0.0099 g
“0.004 £ @
2 1 00111 00090 QMO 0.(;11 0.(;12 0.0’13 0.[;14 &
2 ) 0.0111 0.0090 ReferencéValue 0 =5 —
2 0.0111 0.0090
2 0.0111 0.0099

Initial Data:

As noted, while the reslts are repeatable;there is significant accuracy error as the part deviates from nominal. This error
is impacting the observgd process variation.

Results:

The dimensional and gpemetric variation was causing the transducer to touch the airfoil in different locations for each
blade. The supplier experimented—with-the—transducerangle—unti-theyfounrdthe—angleleast-sudceptible to material and
geometry influences. Once the adjustments to the gauge were complete, the supplier re-ran the gauge R&R and the
Linearity/Bias studies. Results observed in the gauge R&R where the process variation went down to 0.0015. In the
Linearity/Bias study, while it did not totally eliminate the linearity error it reduced it such that it had no significant impact on
the results.
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